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ABSTRACT 

The prehistoric utilization of Cordyline (ti) in southern New 
Zealand was studied using a multidisciplinary approach. 

The ethnographic literature on the 
in the Pacific area and particularly 
Cordyline had several uses, the main 
medicine, and a material for plaiting. 

prehistoric use of Cordyline 
in New Zealand was reviewed. 
ones being, food, cordage, 

Cordyline terminalis is the commonest species in Oceania. It was 
also introduced into New Zealand by Maori, but there were four endemic 
species which provided food for the early inhabitants. 

Large earth ovens (~ ti) were used to cook Cordyline. Many 
earth ovens, from two to eight metres in diameter, still exist in 
southern New Zealand. A site surveying and excavation programme was 
carried out in South Canterbury to investigate these ovens. 

Radiocarbon dates on excavated ovens indicate that they were used 
throughout the prehistoric period of Maori occupation in South 
Canterbury. The construction of these ovens revealed through archaeo
logical investigations was found to be identical with ethnographic 
descriptions. Residue analyses on soil from large raised-rim ovens 
indicate they were used for cooking Cordyline australis (the commonest 
species of Cordyline in New Zealand). Insect remains excavated from 
ovens point to a late spring to autumn use for cooking. 

I 

A thermoluminescence (TL) dating method using quartz inclusions 
from greywacke ovenstones was developed. A descripton of the equip
ment is given. Problems of dosimetry and measurement of TL is dis
cussed and a recommended method of TL dating ovenstones is presented. 
TL dates and C-14 dates from the same ovens are compared. 

A nutritional study of Cordyline was undertaken. Complete 
proximate analyses of£.:.. australis plants collected over a one year 
period were done. Maximum carbohydrate levels in the stems of£.:.. 
australis occurred in late spring. This time is coincident with the 
recorded times of harvesting by Maori. Ti was found to be a rich 
source of carbohydrates, mainly fructose with some glucose from a 
glucofructofuranan type of polysaccharide. This polysaccharide re
quired long cooking times (-24 hours) to convert it to edible sugars. 

Research points to Cordyline being a useful and important plant 
throughout Polynesia and especially in southern New Zealand. 

// 
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INTRODUCTION 

The research presented in this thesis represents a multidisci
plinary approach to the analysis of large earth ovens which occur 
throughout Polynesia and are abundant in southern New Zealand. Large 
earth ovens of the type investigated here have been recorded in the 
ethnographic literature as being used in many islands of Polynesia. 
According to ethnographic accounts, these ovens were used for cooking 
ti (genus Cordyline) and, in general, are called .lilll£ ti. 

I use the names ti and Cordyline interchangeably throughout my 
thesis, and also refer to particular species by their botanical names. 
New Zealand is unique in Polynesia in having several endemic species 
of Cordyline which were utilized by Maori prehistorically. In New 
Zealand, Cordyline is commonly called the "cabbage tree." The New 
Zealand cabbage tree is not to be confused with genera such as Andira, 
Buddleia, Commidenrun, Livistona, Oreodox, Senecio, etc., which also 
have species referred to as cabbage trees in other parts of the world 
(Gerth van Wijk 1971, vol 1:235). When discussing Cordyline in New 
Zealand, I also use the terms ti and cabbage tree which mean, of 
course, only the New Zealand cabbage tree. 

All chapters in my thesis have their own 
mation on the problems addressed and the 
solve them. Each chapter can stand on 
introduction presents only a bare outline 
Every chapter also has its own conclusions. 

introductions with infor
research strategy used to 
its own, and hence, this 
of the overall research. 

In Chapter 1, I present a background on the botany and ethnobotany 
of Cordyline. Its uses throughout the Pacific region are discussed 
with the emphasis on Polynesia and New Zealand in particular. I 
present the methods which were used to cook ti as found in the ethno
graphic literature. Methods of cooking and oven construction raised 
many questions which I have attempted to answer through the applica
tion of archaeological and archaeometric methods. 

Chapter 2 contains my archaeological 
Canterbury. Site surveying was done to 
characteristics, and distribution. I 

investigations in South 
locate oven sites, their 
conducted an excavation 

programme which included two major site excavations and extensive oven 
sampling. This was done to determine oven characteristics such as: 
the method of construction, ovenstone size, firewood used, and 
possible oven reuse. Charcoal samples were collected for radiocarbon 
dating, and ovenstones were collected for the development of a 
thermoluminescence (TL) dating method. Soil samples from ovens were 
obtained for residue analysis to determine what was cooked in the 
ovens. Some soil samples were selected to investigate plant and 
insect remains for seasonality. I discuss the results of my site 
surveying and excavation programmes along with radiocarbon dating, 
residue analysis, and seasonality. 

Radiocarbon dating of charcoal in New Zealand has had its share of 
problems, especially with charcoals from long-lived tree species. I 
discuss these problems in Chapter 2, and present my research on an 
alternative dating method, TL dating, in Chapter 3. The development of 
TL equipment and a TL dating method for greywacke ovenstones forms a 
large part of my thesis. This research involved the determination of 
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dose rates to quartz in greywacke. Radio-element concentrations were 
determined by gamma spectroscopy. I compare the dose rates from 
radio;-element analyses with TL dosimetry. Results of TL dating are 
discussed and a method is proposed. I compare TL and radiocarbon 
dates obtained on the same ovens. 

Siµce Cordyline was eaten by Maori throughout New Zealand, there 
was the question of why it was eaten, i.e. what food value does it 
have? In Chapter 4, I present my research on this important question. 
Nutritional analyses were done on Cordyline australis plants (the 
commonest cabbage tree in New Zealand) which were collected monthly. 
Monthly samples were taken not only to provide nutritional informa
tion, but also to determine if there was a seasonal maximum for these 
nutrients. References to seasonal harvesting of ti is evident in the 
ethnographic literature, and it was felt that there must be a basis 
for this. I discuss these points along with the results of the 
nutritional analyses. Cordyline cooking traditionally involved long 
cooking times. I explore the process of cooking to determine the 
length of time required to convert£.:.. australis into a digestible food 
with maximum nutritional value. 

The final chapter contains a summary of the conclusions from my 
research. I also present a scenario of how ti could have been 
harvested in South Canterbury. In this scenario, I make an input/out
put energy analysis of ti harvesting to determine if it was worth the 
great amount of effort which went into collecting and cooking it. 

\ 

\ 
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CHAPTER 1 

BACKGROUND RESEARCH ON CORDYLINE 

INTRODUCTION 

Cordyline has provided a source of food and fibre throughout the 
Pacific. Undoubtedly, this plant is of a very ancient origin with 
varieties of Cordyline terminalis being the most common in China, 
Indonesia, Papua New Guinea, and into eastern Polynesia. 

In this chapter, I present background information on Cordyline and 
its use throughout the Pacific. It has probably been used for 
thousands of years outside of Polynesia and provided cordage, food, 
and medicine. These uses continued with the settling of Polynesia and 
reached an optimum in New Zealand where new species provided an even 
greater choice of applications. 

The botanical literature has been reviewed because it not only 
provides insights into an interesting plant, but also contains infor
mation on the many ways Cordyline was utilized. Of course, these uses 
were directly connected with this unique hardy plant which has strong 
leaves for cordage and contains carbohydrates surpassing sugarcane in 
quantity and sweetness. 

The uses of Cordyline in New Zealand by Maori paralleled those in 
the rest of Polynesia. I concentrate on Cordyline as a food source 
and look at how it was cooked. Cooking raises points to consider such 
as harvest time, plant size, pretreatment, oven construction, and 
ceremony. I found references to these points in the ethnographic 
literature. 

The content of this chapter serves as a background to my own 
specific research. 

THE BOTANY OF CORDYLINE 

CORDYLINE SPECIES 

Presently, Cordyline is a genus classified in the family Asteli
aceae, order Asparagales, and superorder Liliiflorae (Dahlgren et al. 
1985). Other genera in this family include Astelia and Milligania; 
Astelia is found in Chile, New Zealand, and some other islands in the 
Pacific area. There are 15-20 species of Cordyline occurring in 
Africa, Indo-Malaysia, Australia, New Zealand, and Polynesia. One 
species has been reported in South America (Dahlgren et al. 1985:149). 

Cordyline was originally included in the Lilliaceae family, order 
Liliales, and this practice has continued until recently, e.g. Barrau 
(1965) and Sykes (1970). However, Hutchinson (1959) transferred the 
genus to the family Agavaceae, order Agavales; then Dahlgren and 
Clifford (1982) classified Cordyline in the subfamily Astelioideae and 
family Asphodelaceae which included the present family Asteliaceae. 
Botanical descriptions are given by Poole and Adams (1980), Moore and 
Edgar (1976), and Smith (1979). 
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The name Cordyline comes from the Greek "kordyle", a club, said to 
refer to the large fleshy roots of the species. However, Kemp and 
Robb (1962) attribute the name to the form of the flower buds. 

The first person to use the 
(1914) appears to have been Royen 

name Cordyline according to Brown 
in 1740. However Royen also placed 

species of Yucca and Dracaena under this name. Adanson (1763) was the 
next person to propose the generic name Cordyline. But he again 
included species not now assigned to Cordyline. The name Cordyline 
was again proposed by Jussiex (1789) for the present genus. There has 
been considerable confusion over the identification and naming of 
species now included in the genus Cordyline. Smith (1979:150-151) 
gives an excellent summary of the derivation of the name, Cordyline 
terminalis. 

The Cordylines have often been confused with species of Dracaena. 
They were both in the Agavaceae family (now in order Asparagales), but 
they differ in that Cordyline species have a creeping rootstock, and 
the inflorescence has three large bracts at its base (none occur in 
Dracaena) and the Dracaena ovary has one ovule on each cell, whereas 
Cordyline has 6 to 15 ovules (Chittendon 1956:710). Tomlinson and 
Fisher (1971) give a good summary of the major diagnostic differences 
between Cordyline and Dracaena. 

Cordyline Tenninalis 

The most wide-ranging of the Cordylines is Cordyline terminalis 
(Figure 1.1). Backer and Bakhuzen van den Brink (1968) indicate it is 
probably native to east Asia, although occurring in Java. Baker 
(1875) noted that£..,_ terminalis is indigenous in the Himalayas, South
eastern Asia, Malaesia, and northern Australia. It occurs throughout 
the Pacific Islands and has been recorded, for example, in the 
Marquesas (Brown 1931), Tahiti (Henry 1928), Rarotonga (Cheeseman 
1903), Samoa (Setchell 1978), Fiji (Seeman 1865-73), Tonga (Yuncker 
1959), Hawaii (Handy and Handy 1972), Niue (Sykes 1970), and New 
Zealand (Walsh 1901, Cheeseman 1906). Cordyline terminalis is gener
ally regarded as being indigenous in Indo-Malaysia (Guillaumin 1946), 
and in many Pacific Islands such as Papua New Guinea (Ridley 1924), 
Samoa (Christophersen 1935), and Hawaii (Handy and Handy 1972). 

However, it has not been regarded as indigenous by some botanists 
and other individuals in many parts of the Pacific~ They view this 
plant as having been introduced by early inhabitants. Presumed areas 
and islands where£..,_ terminalis has been introduced include eastern 
Polynesia (Merrill 1954), Niue (Sykes 1970), Fiji (Smith 1979), 
Kermadec Islands (Sykes 1977), and New Zealand (Walsh 1901, Cheeseman 
1906) where it probably is now extinct. 

There can be little doubt that Cordyline terminalis was not indig
enous in New Zealand. It was not recognised as even existing in New 
Zealand until the latter part of the nineteenth century (Kirk 1896, 
Cheeseman 1901). Walsh (1901) put forward a convincing argument for 
the introduction of£..,_ terminalis by early Maori. This plant was 
cultivated by them for food in the northern part of the North Island. 
After it was no longer used for this purpose, it died out and became 
extinct in the wild during the early 1900s. Moore and Edgar (1976) 
conclude that£..,_ terminalis was wholly adventive both in northern New 
Zealand and in the Kermadec Islands. Further discussion on the uses 
of£..,_ terminalis and related species appears below. 
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FIGURE 1.1 Some Cordyline species. 

CORDYLINE AUSTRALIS 

C. PUMILIO C. INDIVISA C.BANKSI I 

From Poole and Adams (1980:40-41). 
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which are considered to be 
~ australis, ~ kaspar, ~ 
One of these,~ kaspar, is 

There are five New Zealand species 
endemic. These include Cordyline pumilio, 
banksii, and~ indivisa (Figure 1.1). 
restricted to the Three Kings Islands 
discussion (Moore and Edgar 1976). 

and is not included in further 

Fleming (1979:59, 101) indicates that the pollen record in New 
Zealand reveals Cordyline to be present in the Lower Miocene (18-26 
million years BP). He attributes Cordyline to a tropical or sub
tropical derivation (Malayo-Pacific) because the fossil record is not 
adequate to determine another origin. 

Leaf characteristics have been given by Moore and Edgar (1976) 
and Healy and Edgar (1980). Special note should be made of the distri
bution of the species, as all of them, with the exception of~ 
kaspar, were used by prehistoric Maori for food and fibre. ~ 
pumilio has a restricted distribution whereas ~ australis is far 
ranging. 

Much of the confusion of naming individual species has been due to 
the ease with which Cordyline forms hybrids. Botanists have identi
fied and named new species which upon closer examination were found to 
be already identified or hybrids. In New Zealand there have been 
several hybrids recorded. This could be expected because all of the 
New Zealand species have the same chromosome number, 2n = 38 (Hair and 
Beuzenberg 1968), and flower for the most part at the same time. Even 
~ pumilio and~ australis have formed hybrids with characteristics 
between those of both plants (Carse 1926, Moore 1974). See Moore and 
Edgar (1976:50-51) for a summary of hybrids recorded in the 
literature. 

Colenso (1881) and Best (1976) have discussed ti para which was 
highly regarded by the Maori. It was felt to be a species of 
Cordyline yet unidentified and was almost extinct in the late 1800s. 
In all probability it was a hybrid of existing species and was even 
identified as belonging to~ australis (Kirk 1874). However, like~ 
terminalis it was not known to flower in New Zealand. 

Propagation 

Members of the Cordyline genus under proper conditions are quite 
· easy to propagate. Besides being self-seeding from the many thousands 
of seeds produced by a single plant, they can be propagated from small 
pieces of the stem cut into pieces of 5 to 10 cm from which the leaves 
have been removed. ~ terminalis is readily propagated in this 
manner. This could account for its introduction in many of the 
Pacific Islands including New Zealand. ~ australis and~ indivisa 
are generally propagated by seed. Methods of propagation used by 
Maori will be discussed later. 

Cordyline species as stated 
plants. They prefer a good 
(Baily 1947, Chittendon 1956). 
quite hardy. For example, I 
and even clefts in rocks. 

earlier are tropical and subtropical 
sandy loam with a warm moist climate 
The endemic species in New Zealand are 

have seen~ australis growing in clay 
However, poor soil conditions will result 

poorly developed roots. in slow growing plants with 
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Cordyline Analysis 

Few chemical analyses have been conducted on species of Cordyline, 
Morice (1962, 1970) has reported on the analysis of seed fats of the 
five endemic species in New Zealand. Earle et al. (1959, 1960) have 
reported values for component fatty acids of£.:... australis. Eglinton 
et al. (1962) analysed the alkane constituents of Cordyline to 
determine taxonomic implications. 

Analysis of the root of £.:... terminalis in 1934 by Lyon (Tanimoto, 
1939) indicated that it contains a soluble polysaccharide identified 
as a fructose polymer. Tu (pers. comm.) found that£.:... terminalis 
roots contain 12-14% of fibres and 23-26% of soluble solids - mostly 
fructose. Boggs and Smith (1956) did a careful chemical analysis of 
the glucofructan present in the tuber of£.:... terminalis and found it to 
be composed of one unit of D-glucose and about 13 of D-fructose. The 
large amount of fructose available upon cooking accounts for the 
sweetness and resulted in its once important use as a food. 

Morphological studies were conducted on all of the New Zealand 
species by Tomlinson and Fischer (1971). In another paper in 1972 by 
the same authors,£.:... terminalis was found to have hypogeous seedling 
germination unlike closely related species. Zimmerman et al (1972) 
examined the vascular system of Cordyline stems. Histological examin
ation of the leaf and stems of four species (Griffen and Maunwongyathi 
1969) indicates that specific differentiation is made possible by 
certain characteristics including the nature of epidermis, the 
crystalline form of calcium oxalate, and the distribution of stomata. 
The presence of steroidal saponin and alkaloids in£.:... terminalis and 
other species may account for their many medicinal uses (Kemp and Robb 
1962, Marker et al. 1943, Webb 1952). 

THE ETHNOBOTANY OF CORDYLINE 

VERNACULAR NAMES OF CORDYLINE SPECIES 

Oceania 

Native names applied to the Cordyline species (see Appendix 1 for 
an extensive list) suggest an ancient familiarity with the plant. The 
most common name throughout Polynesia is ti. The Proto-Polynesian 
reconstruction gives tii (Walsh and Biggs 1966:113). Other recon
structions in Proto-Oceanic reveal ntiRi and in Proto-Austronesian 
ndiRi (D. Bayard pers. comm.). 

many names applied to varieties of 
Marquesas, Samoa, and Tahiti. The 

for the many varieties suggest that 

It is interesting to note the 
£.:... terminalis especially in the 
familiarity of uses and naming 
this was an important plant. 

New Zealand 

Each of the endemic species in New Zealand has several Maori names 
(Appendix 1). For example, £.:... australis has at least nine names 
applied to it. The collective name for all the species is ti as in 
most of Polynesia. 
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There is confusion over some of the names. ti para, for example, 
referred to an unknown species of Cordyline in the Matatua district. 
This same species, or a variety of it, was known as ti tawhiti in the 
Taranaki district and ti kowhiti at Whanganui. It was most likely 
either an introduced species or a hybrid. Kirk (1874:246) stated that 
the plant was closely related to ~ australis. However, to make 
matters more confusing, there were two· varieties of ti para: tahanui 
(with broad leaves) and mahonge with narrow leaves (Williams 1971). It 
could well be that the narrow leaved variety was a cultivated hybrid 
of~ australis. As mentioned above, hybrids are common in New 
Zealand. However, ti para was never known to flower. No doubt it was 
an important cultivated species which provided food both from the stem 
and root. Presumably it is now extinct. The name ti para was also 
used in the South Island to refer to ~ australis. Best (1931:16) 
attributes this name to the poduction of para, i.e. the edible pulpy 
substance. 

~ terminalis seems to have been known by only the name of ti 
pore. It may have had other prehistoric names, but at the time of its 
discovery by Europeans in the 1880s, it was nearly extinct and all but 
forgotten by most Maori. 

Mauku, one of the Maori names 
to a fern (Asplenium bulbiferum). 
the steamed stems and roots of~ 
it meant the head of a tree (Best 

USES FOR CORDYLINE 

Oceania 

for Cordyline pumilio, also referred 
Kauru in the South Island denoted 

australis. But in the North Island 
1976:268). 

A su_rrLmary of the uses of ~ terminalis (see Appendix 2) reveals 
that the major use was for food. For~ terminalis this would refer 
to the cooked, usually steamed, root. In many islands it would have 
served as a convenient food supply, but would have been especially 
valued for its supply of sugar. In times of famine the root of~ 
terminalis would still be available because the plant is so hardy. 
This use in times of food scarcity has been noted for Tonga by Yuncker 
(1959:79) and in Fiji by Parham (1943:103). But I do not think it 
should be looked upon only as a famine food. The numerous literature 
references and the high esteem for this plant indicate that it was 
cultivated for specific uses in most of Oceania. There were varieties 
which provided the largest and sweetest roots, those which produced 
the finest fibre or served in religious ceremonies, etc. In Tahiti, 
Henry (1928:36-37) recorded 13 varieties - all named, cultivated, and 
known for specific qualities. Selander noted six varieties were not 
indigenous to Tahiti, and they must have represented a long time 
period for introduction. According to Barrau: 

The multiple uses of the "ti", its wide distribution in 
Oceania and its many magico-religious uses show that 
this plant is most likely a very ancient domesticate in 
that part of the world (Barrau 1971:22). 

Also in 
varieties 
(Appendix 

Fiji, 
of ti 
2) • 

Parham 
with 

(1943) and Seeman (1865-73) list several 
medicinal, nutritional, and utilitarian uses 
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In the next section, I present Hawaii as a representative area in 
the tropical Pacific where ti was utilized. 

Cordy1ine in Hawaii 

Many of the uses in Hawaii presented here parallel those else
where and were recorded by Handy and Handy (1972). Ceremonially it 
was used to decorate altars and woven for the awa bowl to rest upon. 
As a protection against evil the leaves were worn around the neck, 
waist, or ankles, or even slipped into clothing, under a sheet or mat. 
An example of its protective function is given by the following: 

If a menstruating woman was obliged to cross the volcano 
goddess' domain, in order to avoid Pele's wrath she wore 
anklets and bracelets and a lei of ti leaves and was 
accompanied on either side by a man holding up a stalk 
of ti plant like a flag of truce ... (Handy and Handy 
1972:222). 

Ti was planted about dwellings for a beneficient and protective 
psychic influence. This also meant a close supply of leaves to serve 
as food wrappers in cooking and as covering for the imu. Roots were 
steamed in the imu for a sweet, but in times of famine large quanti
ties of roots were gathered and cooked in huge ovens. One of these is 
purported to have been in Honolulu at Kaimuki (ka-imu-ki, "the ti
oven"). Medicinally the leaf was chewed to relieve cough. 

Further Uses in Oceania 

Similar to Hawaii,£..:.. terminalis leaves were used as body ornamen
tation for protection in West Irian. (Barrau 1965:289). 

In New Caledonia, Leenhardt described its importance: 

Very long-lived, dry and wiry, it represents the male 
element. Resistant to all the attacks of time and fire, 
it is the symbol of the perenniality of the social life 
of the clan; for both these reasons, it is planted close 
to the door of the men's house and at the shrines 
(Leenhardt 1946:192). 

Niue Islanders also looked upon 
attributes: 

the ti as having psychic 

Living man was born from a tree - the tree which is 
named Ti-mata-alea (a species of Dracaena, [sic]) which 
grows in the open, not the Matalea of the original 
forests .... Thus: when a married woman is pregnant she 
longs for the ti, with its root or stalk; then the 
husband and the parents prepare an umu-ti, or native 
oven of hot stones for cooking the roots, in order to 
cause the child to grow. After the woman has eaten of 
this, the child becomes hard (!!§Q) from the effects of 
the ti. This is the ancient custom of Niue from the 
time the island was made. The oven is two nights in 
baking and then it is uncovered (fuke); the oven being 
in the ground. It is done thus, because the ti is the 
parent of man, and the child should feed on the fullness 



of its parent, the Ti-mata-alea; after it is born then 
it feeds on its mother's milk (Smith 1902:203). 
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Ti leaves served as a breadfruit pit lining in many islands. Brown 
gives a description of how the leaves are woven to give a pit lining 
which lasts for three years: 

... full-grown leaves are carefully selected, the peti
oles removed, and the blades sorted into pairs of equal 
length. The pairs are then arranged in groups of equal 
numbers - 6 in Hatiehu, Nukuhiva, and 8 in Hakanui, 
Nukuhiva - so that the apical portion of one leaf blade 
or pair of blades is superimposed over the basal portion 
of the one or the pair beneath. Thus the secondary 
veins of the superimposed leaves cross those of the 
leaves beneath. They are fastened into position with 
sharp pins made from the split midribs of the coconut 
leaflet .... no other plant furnishes leaves combining 
all the qualities of size, shape, texture, strength, 
durability, and chemical composition necessary for wrap
ping food and, particularly, for lining the!!§. pits ... 
(Brown 1931:144-145). 

This strength made ti leaves ideal for garments, ropes, and sandals. 

Palmer (1870) first mentioned ti use in Easter Island. Besides 
supplying sugar, the soot from burned leaves served as tattooing 
powder - a use of some importance according to Brown (1924:162). 

Cordyline Uses in New Zealand 

In New Zealand as in the rest of Oceania, the major use for ti was 
its edible root and, in some species, the stem and undeveloped inner 
leaves. The first reference to ti as a food in New Zealand was made 
by Joseph Banks: 

Their food ... consists of Dogs, Birds, especialy sea 
fowl as penguins albatrosses &c, fish, sweet potatoes, 
Yams, Coccos, some few wild plants as sow thistles, Palm 
Cabbage &c. but Above all and which seems to be to them 
what bread is to us, the roots of a species of Fern ... 
(Banks 1962, Vol 2:19). 

New Zealand is unique in Oceania in having several endemic species 
of Cordyline with quite different characteristics. According to Best 
(1931:15) the Maori preferred the introduced ti pore (£..:_ terminalis). 
Referring to£..:_ terminalis Walsh stated: 

The cooked article was highly esteemed not only for its 
agreeable taste, but for its nutritive and keeping 
qualities, especially in time of war, when it was a 
question of provisioning the pa or carrying food on the 
war-path (Walsh 1901:304). 

However, it appears this introduced plant was only cultivated in the 
northern region of the North Island. 

Another species or variety 
and ti kowhiti was also much 

called variously ti para, ti tawhiti, 
preferred. Hammond (1924:62) states 
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"This variety has been cultivated since its introduction into 
country, and has been cooked in the manner already described," 
in a steam oven or .1!!!!l!. ti. 
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i.e. 

Cordyline pumilio was another species which furnished food in the 
North Island. 

One species of the Ti, (cordyline australis, [sic]) 
which somewhat resembles the grass tree of New South 
Wales, is planted out and cultivated by the Waikato 
natives for the sake of the root, which furnishes a 
saccharine matter, and is called mauku .... it is used as 
a sweetener with the kaanga pirau (putrid maize,) or 
with baked fern root (Wade 1842:58). 

Note that Wade refers to the species of ti as£.:.._ australis, but this 
is unlikely because£.:.._ australis has a stem which was also eaten and 
it probably was not cultivated. Furthermore,£.:.._ pumilio was known as 
mauku and resembles the grass tree. Best (1976:261) also refers to 
the species of ti discussed by Wade as being£.:.._ pumilio 

According to Best, Maori preferred the different species as food 
producers in the following order: 1. £.:.._ terminalis, 2. ti para, 3. £.:.._ 

pumilio, 4. £.:.._ australis, 5. £.:.._ indivisa, and 6. £.:.._ banksii. I found 
little mention is made of £.:.._ indivisa and £.:.._ banksii for food 
purposes. However, it has been stated that the undeveloped leaves of 
both species were eaten plus the tap root and upper trunk of£.:.._ 
\indivisa (Best 1931:15). 

So far the discussion of Cordyline species as food producers has 
been confined to the North Island. Cordvline australis also provided 
an important source of food in the South Island. Probably£.:.._ 
australis was far more important in the South Island as a food 
producer than any of the species in the North Island. According to 
Teone Toare Tikao, "The preparation of kauru from cabbage trees was a 
strenuous work of great importance in our food supplies" (Beattie 
1939:140). Brunner when exploring the west coast of the South Island 
relied on local food supplies. He noted on 20 January, 1847 that, 
"This morning opened our oven (.1!!!!l!. ti), which smelled like a sugar
boiling establishment. Found the ti excellent, but rather too sweet 
for a diet; however, this and the fish make a fine meal" (Brunner 
1952:25-26). More detailed information on the cooking of£.:.._ australis 
will be presented below. 

Other Uses for Cordyline in New Zealand 

The uses of Cordyline appear to parallel its use in the rest of 
Oceania (see Appendix 2). 

Goulding (1971) cites many literature references to the Maori uses 
of fibre from leaves. Leaves of £.:.._ australis and£.:.._ indivisa seem to 
have been mainly used. Such useful items were made from the fibres as 
baskets, rain capes, and sandals. Goulding also gives characters for 
the identification of £.:.._ australis and indivisa leaves in archaeo
logical and ethnological material. Best describes how the Cordyline 
indivisa fibre was prepared for making capes: 

In making these capes only enough leaves are cut for one 
day's weaving, for if left longer they cannot be pre-
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pared; they become dry, and the vegetable matter cannot 
be disengaged from the fibre (ko te para kaore .§. 

pahuhu). The midrib (tuaka) is taken out of the toi 
leaves, it being too hard to work, after which the 
leaves are beaten to soften them and disengage the para 
or vegetable matter. (Best 1899:643). 
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In plant material identified from cave sites in the Auckland 
province, Phormium was predominant followed by Freycinetia and 
Cordyline. Cordyline was second to Phormium in Fiordland material 
giving evidence of Cordyline's importance as a fibre plant (Goulding, 
1971:81). 

CORDYLINE COOKING OVENS IN POLYNESIA 

Although ti was steamed in large ovens throughout Oceania, there 
seems to be little direct evidence, archaeological or otherwise, of 
these ovens. One large ti oven used in Kaimuki has been mentioned, 
but does not exist today, and Handy and Handy (1972) noted another 
large oven in Maui, Hawaii which was filled in. 

Green and Davidson (1969, 1974) 
Samoa. These have been interpreted 
cooking the root of the ti plant. An 
carbon-14 date of 750 .± 80 years 
1969:42). Another oven was dated at 
1976:98). 

excavated large earth ovens in 
ethnographically as ovens for 

oven at inland Sapapali'i gave a 
before 1950 (Green and Davidson 

AD 1520 + 110 (Jennings et al. 
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In the Society Islands, Cordyline and its cooking is described as 
follows: 

The ti-root is frequently two feet long, and varies from 
six to ten inches in diameter. It has something of the 
texture of sugar-cane and its thick juice is very sweet 
and nourishing, but it requires to be well baked before 
eating. 

The ti-ovens are frequently thirty feet in diameter, and 
the large stones, heaped upon small logs of wood, take 
about twenty-four hours to get properly heated. Then 
they are flattened down, by means of long green poles, 
and the trunks of a few banana trees are stripped up and 
strewn over them to cause steam. The ti-roots are then 
thrown in whole, accompanied by short pieces of ape-root 
(Arum costatum) that are not quite so thick as the ti, 
but grow to the length of six feet and more. The oven 
is then covered over with large leaves and soil, and 
left for about three days, when the ti and ape are taken 
out well cooked, and of a rich, light brown colour. The 
.£.P.§. prevents the ti from getting too dry in the oven 
(Henry 1893:9-10). 

Buck (1930:136) also has given the method of oven construction in 
Samoa: 

In making l!!ill! ti a very large oven (.!!!ill!, ti) is prepared 
communally by the village (nu'u). The families dig up 
the [underground] stems and bring them in baskets to the 
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common oven. The oven is dug out to about 10 feet in 
diameter. Larger stones than usual are heated on a fire 
made of logs. The leveling of the stones takes some 
trouble. Six or more men dressed in ti leaf kilts and 
wreaths do the work with long poles (sosofa). Some 
times a heavy log tied with ropes is dragged from side 
to side. The leveled stones are covered with the leafy 
heads of the ti. The underground stems, still in 
baskets, are placed in the oven in the parts assigned to 
the different families. They are next covered over with 
more leaves and buried with earth. The oven is left 
covered for a week or even 
the families take their own 
removed. The cooked ti can 
fibrous nature and sweet 
sugar cane. No ceremonial 
it existed in the past. 

longer. When it is opened, 
baskets. The outer bark is 

be chewed direct. From its 
taste, it somewhat resembles 
detail was obtained, although 

The methods of cooking ti in New Zealand will now be presented. 

OVEN CONSTRUCTION AND TI COOKING IN NEW ZEALAND 

Introduction 
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There are several and sometimes varied accounts of ti harvesting 
and cooking. Some questions which come up in this process are: (1) At 
what time of the year was ti harvested? (2) What was the size of the 
plants? (3) Was any provision made for replanting? (4) What parts of 
the ti were used? (5) How were the ovens constructed? (6) How long 
was the ti cooked? (7) Was precooking treatment needed? (8) How was 
the cooked ti stored? (9) How was it eaten? ' 

Because the tradition of cooking ti has been lost most of the 
above questions can only be answered by written accounts. Fortunately, 
several exist. Three fairly complete accounts are presented below in 
abbreviated form. I will compare and contrast these with other 
accounts to attempt to answer the above questions. 

Accounts on Cooking Ti 

Account 1 

The first account concerning £..:.. pumilio comes from the North 
Island and is from White's observations. 

When full grown or ripe, which was the latter part 
of December, just before the appearance of the flower 
stem, it was taken up and allowed to lie on the ground, 
care being taken not to break the root stem or the 
shoots on the top. It was turned over each day so as to 
get quite dry. 

When dug, those with the healthiest looking shoots were 
left untouched in the ground for future cultivation, and 
of such the flowering stem was pinched off when it 
appeared. These roots were allowed to grow until 
September. Ako or maire spade was used to dig a hole 
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or loosen the earth, in which a sprout of the ti was 
planted, but it took three years to come to maturity. 

The roots that had been dug up were dried until the 
fibrous rootlets thereof were all dry and brittle, when 
they were burned off. The leaves were then removed and 
the root scraped clean with shells. The larger roots 
were split lengthwise and wrapped in hangehange leaves 
(Geniostoma) which were tied on .... A large hangi (steam 
oven) was made to cook ti root, possibly 8 ft. in 
diameter or more, and large stones were used for it, 
many people collecting to assist in the task .... Manuka 
(Leptospermum) was used as fuel to heat the oven . 
. .. When the stones were placed on the fire in the oven 
another lot of fuel was piled on the top of the stones. 
When the fire had burned down the mass of stones was 
thrashed with green branches in order to dislodge all 
ashes or dirt. 

Each family tied its roots up in small bundles which 
were distinguished by a peculiar knot in the cord of 
flax. The elderly men arranged the roots in the oven, 
putting the large ones in the middle and the smaller 
ones at the sides, while water was sprinkled over them. 
The oven was then covered with leaves and then with some 
green flax mats plaited for the occasion, after which it 
was covered over with earth and left for days until it 
was cool or comparatively so. The roots were then taken 
out and hung up on poles or laid on a platform to dry, 
being placed under cover each night until the process 
was completed, after which they were placed in the food 
stores for future use. When used these roots were 
pounded and placed in a trough of water, where the 
fecula or meal was separated from the fibrous parts of 
the root by a rubbing and squeezing process (White cited 
in Best 1976:264, 266). 

Account 2 
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Brunner recorded his observations on cooking£..:_ australis in his 
journal: 

Collected a quantity of the roots of the ti, or cabbage 
tree which we placed in a humu (umu), or native oven, 
for the night. The natives prepare a very palatable 
dish of the ti and fern-root. They extract the sweet 
particles of the former by beating and washing it in a 
proper quantity of water, and when about the consistency 
of honey, they soak in the liquid some layers of well
beaten and cooked fern-root, which when properly 
moistened, is eaten, and has a similar relish to ginger
bread. This can only be made when staying two or three 
days at a station. The root of the ti is the part used 
by the natives. It is generally from three to four feet 
long, and of a conic shape, with an immense number of 
long fibrous roots attached to it; so that the natives, 
whose tools consist of a pointed stick, and hands, 
consider they have done a glorious day's work if they 



manage to obtain five ti roots in the day. It requires 
an immense oven, and to remain twelve hours baking ... 
(Brunner 1952:25). 

Account 3 
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The most detailed account comes from a manuscript relating the way 
the Ngaitahu and Ngatimamoe prepared kauru: 

... The work of the kauru really starts in ... October . 

... each Hapu begins to ... go to the Pakihi (clearings) 
where kauru is worked, to the hills or valleys. Each 
hapu went straight to its own working place, each hapu 
to its own working land ... all the people would start in 
on the work. The first job was cutting down the Ti and 
trimming them. Some parties were assigned to cutting 
and other parties to trimming. Some hapu would have 
twenty people cutting and up to perhaps thirty trimming. 
Other hapu might have more or fewer people. When all 
the trimming was finished the pieces were stood up to 
dry .... Everybody then returned to the pa, to work in 
the gardens planting kumara. When the kumara were 
finished they returned again to work the kauru. More Ti 
were cut down, trimmed, and stacked up. When the second 
batch was left to stand the first lot were bundled up 
and put into kits .... Pits were dug for the steaming of 
the kauru. Many people were needed to make one pit. 
Ten or twenty to one pit more or less .... The length of 
one pit would be something like 2 chains With fewer 
people the length of the pit was reduced. One or two 
full days were spent working on the pits and arranging 
the firewood in layers. The depth of a pit was six feet 
or more [deep] enough to hide a person if he stood 
upright in the pit. Two or three extended arm-lengths 
was the width of one pit. Many pieces of firewood were 
piled up inside so that the firewood was almost up to 
the top. Stones were piled up to the top of the pit. 
When the morning star rose there began the lighting of 
the fires in the pits. As morning drew on the stones 
became hot. The pits were raked to spread out the 
stones [for cooking] When the sun was steady the kits 
were piled up in layers inside, however, earth was 
heaped over the stones and the earth spread over with 
Kiokio, Purau, Ti leaves and other things that the Maori 
use for covering in cases like that. Then the kits were 
piled up to the top of the pit. And when the pit was 
full up to its full height up on top, the tops of the 
kits were covered over with coverings, splashed and 
buried with earth so that no steamy smoke could escape. 
After the burying was finished it was left to cook by 
steaming, and, well on in the morning, about the same 
time that it was covered over that first morning it was 
dug up the following day Once cooked it was left to 
cool It was beaten thoroughly to flatten it, then it 
was stacked on top of the stages. After cooking it was 
inadvisable for it to get wet in the rain, the stages 
were covered so that no rain at all could get in. It 
was left there. The people returned to their permanent 
pa ... When the [pora] planting was finished they set 
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out again to cook the second working of the kauru. This 
was just like working and the cooking of the first 
batch .... When the second set of pits ~as cooked, all 
the kauru of the first and of the later one was carried 
back to the various permanent pa. All the people of the 
pa gathered to carry back the kauru of one hapu . 
... Each Hapu worked like that from Kaiapoi right down to 
Otago ... If it was eaten by a group going away or by a 
visiting party it was fetched from on top of the stages 
and taken down to be put into fresh water and eaten . 
... P.S. The tap root of the ti were also dug up by the 
Maori it was treated in the same way as the upper en[d]s 
of the ti (Kauru n.d.). 

Harvesting Time 
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No mention is made of the time of year for harvesting£.,_ 
terminalis. According to a Maori informant, .the tap root of ti para 
was dug up about March or April (Best 1976:264). These harvest months 
are different than others I have come across, and I am skeptical that 
they represent actual harvest times. Both of these species along with 
£.,_ pumilio were cultivated. Cordyline pumilio (see Account 1 above) 
was harvested towards the end of December before the appearance of the 
flower stem. However, botanical references to the time of flowering 
of Cordyline species suggest that this occurs in November (especially 
in the North Island), so this was probably the month of harvest. I 
have seen £.,_ australis and banksii flowering in Nov.ember in Dunedin. 

\ 
There are several references to the harvest time of£.,_ australis. 

Stack (1893:26) indicates that kauru was prepared in the summer 
months. Shortland was more specific: 

Just as we were leaving the place Te Rehe brought us a 
baskeLof "kauru," or baked root of the "ti" for which 
Waiateruati is celebrated. This root is in shape like a 
carrot, but from two to three feet long, and requires a 
deep and rich soil for its growth. The natives have 
learned to dig it at the season when it contains the 
greatest quantity of saccharine matter; that is, just 
before the flowering of the plant. They then bake, or 
rather steam it in their ovens (Shortland 1851:234). 

Also he recorded on 19 January, 1844 that, "This was also the season 
for digging the root of the "ti" or "whanake" ... (Shortland 1851:230). 
A Maori informant indicated "This kind of food was prepared twice a 
year, in the months of November and February" (Best 1976:269). 

Account 3 above gives the time of harvesting as October to January 
and then repeats: 

The kauru work started at the beginning of October and 
went on until the last days of December. In January 
they went back and the work was finished .... By the time 
the ninth month (January in European calendar) came the 
work of the kauru was finished for the year. Work of 
the kauru-working lands would be just the same each year 
from time long past right up to three years after the 
arrival of Mantell. That was the end of the working of 
the Maori people at that food. The Pakeha have settled 
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here too and the 
burnt off with 
n.d.: 6). 

Pakihi-kauru working lands have been 
fire and are all destroyed (Kauru 
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Putting all the accounts together, I conclude that the most likely 
time of year for harvesting ti was October or November through 
February. Reasons for Maori using this harvest period include: (1) it 
fitted with other food gathering times which involved excursions into 
the interior, (2) the weather was better for cooking and drying ti, 
and (3) the ti would have a maximum amount of nutrient value during 
the late spring and summer. I explore this latter point in Chapter 4. 

P1ant Size 

All references to the size of the plants selected for cooking 
indicate that only young plants were harvested in New Zealand. This 
makes sense because older plants tend to get "woody". Brunner (1952) 
describes the root of £..:.. australis as being three to four feet in 
length which seems quite large for young plants (see Account 2 above). 
Stack (1893:26) indicates that young trees about five feet high were 
selected while Tikao noted trees about four feet in height were cut 
down (Best 1976:269). 

In the North Island there 
cutting the tops off several 
262,264). Presumably, this was 
in the roots. I return to this 

Propagation 

is mention of ligaturing ti para or 
months before harvesting (Best 1976: 
done to increase the storage of sugar 
point in Chapter 4. 

As touched on earlier the preferred species in the North Island 
were cultivated. White (Account 1 above) described the cultivation of 
£..:.. pumilio: 

The ti~ was formerly cultivated and tended as care
fully as was the kumara. It was grown on rich, deep 
soil and propagated from the shoots that spring from the 
upper part of the stem of a full grown plant, and from 
seedlings growing round roots left to seed (Best 
1976 :264) . 

White's account (#1) above on cooking £..:.. pumilio is confusing 
where he states, "when dug, those with the healthiest looking shoots 
were left untouched in the ground .... " If they were already dug, they 
would not be "untouched." He must be stating that the shoots were 
replanted. Also, it would be unlikely that there would be flower 
stems on any species of Cordyline used for cooking. From my obser
vations, the first flowering does not occur for several years (more 
than five?), so plants would have been harvested prior to their first 
flowering. 

The Bay of Plenty Maori had an unusual method of propagating ti 
para: 

They used to bend the trunk ,down, when it was about four 
feet high, until the crown rested on the earth, where it 
took root. When these new roots had a good hold, then 
the stem was cut through at both ends and cooked for 
eating (Best 1931:13). 
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There are no references to Cordyline australis being cultivated in 
the South Island. Tikao contributed information to Best stating that 
the:ti was not cultivated, but grew spontaneously in many places (Best 
1976:269). Shortland noted that the ti, 

... grows in great plenty and vigour near the base of the 
mountains forming the western boundary of the plain. 
The soil must therefore be deeper and richer there than 
it is nearer the sea coast (Shortland 1851:230). 

It probably was not necessary to plant £..:... australis because of 
self-seeding. However, a note at the end of the Maori account above 
(#3) indicates that the crowns (or tops) were cut off and planted 
(Kauru n.d.:7). Best (1931:12) states that .Q..,_ australis as well as .Q..,_ 
terminalis and ti para were propagated by planting the offshoots that 
spring from the base of the trunk at groundline. It would take many 
trees to fill an oven and to ensure a constant supply it is possible 
that parts of .Q..,_ australis were planted but not cultivated. 

Pretreatments 

The stems and roots were prepared for cooking in various ways. The 
root of ti pore (.Q..,_ terminalis) was pounded with a wooden club on a 
flat stone before being cooked (Walsh 1901:304). The preparation of 
ti para apparently varied from place t_o place. The outer part of the 
root was scraped, shaved, or chipped off and then possibly soaked in 
water before steaming (Best 1976:264). However, another account says 
that the ti para was the only species not requiring chipping off of 
the outside prior to cooking (Best 1976:259). 

Cordyline pumilio seems to be the only species where the rootlets 
were burned off. The roots were dried and scraped before cooking (see 
Account 1 above). 

The bark of .Q..,_ australis was chipped off, the stems dried and cut 
into two foot lengths (Best 1976:268,269). If roots were prepared in 
the same way, then the rootlets would be removed in this process 
rather than burning them off. Why the bark was chipped off from any 
species is unknown, but I can think of three possible reasons: ( 1) · the 
bark would impart a bitter taste to the inner contents, (2) the cooked 
ti would dry faster without the bark, and (3) the cooked lengths would 
be easier to process later when the edible material· was to be removed. 

The lengths of stems or roots were tied in bundles according to 
families. Colenso (cited in Best 1976:267) stated that Maori were 
particular in what they used to tie around the bundles. For example, 
the roots of .Q..,_ pumilio were wrapped in hangehange (Geniostoma 
liqustrifolium). 

The tops (undeveloped leaves) were also eaten, being "cooked 
eels, birds, etc. , at all times , o'f the year in a steam oven" 
1976 :269) . 

with 
(Best 

Oven Preparation 

In New Zealand most of the larger 
occur in South Canterbury, Otago (Knight 
is· in spite of the importance attached 
Island. However, there is little doubt 

ovens interpreted as~ ti 
1966), and Southland. This 

to ti as a food in the North 
that ti would have been more 
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important in the diet of Maori in the South Island. Leach (1969: 35) 
in a study using scientific and ethnographic data concluded that ti 
and fern root were the principle vegetable foods consumed by the 
inhabitants of coastal South Canterbury and Otago. 

The archaeological and ethnographical literature indicate that 
ovens used for cooking ti were much larger than those for ordinary 
food cooking. For ovens on the Otago Peninsula Knight (1966) gave 
measurements of 4-7 m in diameter at the top of the rim and oven 
stones weighing from 5-16 kg. Constructing ovens of this size would 
have involved a large expenditure of energy. 

Umu ti outside of New Zealand and most of those within the country 
are described as circular. Some writers, however, indicate that ovens 
were not circular but oblong. For example, Stack states that, " ... an 
oblong pit was dug, varying in size from four to twelve feet in 
length, and about five or six in depth" (Stack 1893:26). Hay was 
quite explicit in his description of ~ ti size, "They begin 
operations by digging a hole 8ft. long, 4ft. wide, and from 5ft. to 
6ft. deep" (Hay 1915:15). 

Even Hay's dimensions are small compared to the ovens built by the 
Ngaitahu and Ngatimomoe Maori in Account 3 above. I think the length 
of two chains (40.2 m) is an exaggeration because to my knowledge no 
ovens approaching this size have been demonstrated archaeologically or 
even reported in New Zealand. Previous to my site surveys, only 
circular ovens were recorded in South Canterbury. All ovens described 
by Knight (1966) are round and there can be little doubt that they are 
.ld!Il1!. ti. Results of my site surveys are presented in Chapter 2. 

An interesting point in the Ngaitahu/Ngatimomoe account (#3) is 
that even though they had kumara and pora (turnip), ti was still 
important. The same importance was attached to ti throughout Oceania 
when other carbohydrate sources were available. Therefore, many~ 
ti must still exist in the North Island, but where are they? Perhaps 
some storage or house pits will some day be identified as~ ti. 

From my investigations, large ovens (greater than 2 m diameter) 
could only have had three possible uses: cooking ti, mamaku (Cyathea 
medullaris), or moa. Mamaku was an occasional food (Best 1903:59), 
but since its abundance was low (and area specific) and regeneration 
time long, it could not account for most large earth ovens. Like .!!!!1£ 
ti these ovens would be lacking in any cooking remains to provide 
evidence of their use. Moa cooking ovens should be demonstrated 
archaeologically by the faunal remains and possibly a greasy charcoal 
layer (see, for example, Anderson 1979, 1982). It should be noted 
that all ovens surveyed in South Canterbury are in the vicinity of 
cabbage trees. 

Accounts vary in how ovens were prepared. White (Account 1 above) 
stated that stones were placed on the fire and more wood was piled on 
top. When the fire had burned down, the stones were threshed with 
green branches to remove the ashes. Then the bundles of roots were: 
(1) tied with identifying knots, (2) put on top of the stones, (3) 
sprinkled with water, (4) covered with leaves and green flax, and (5) 
finally covered over with earth. 

Other ways of oven preparation include putting stones in first 
followed by wood, and piling the stones on top of the wood. The stones 
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the bottom after firing which 
Polynesia. My archaeological 

Chapter 2) reveal the method of 

may or may not have been rearranged in 
seems common practice in the rest of 
investigations of~ ti (discussed in 
oven construction in South Canterbury. 

In New Zealand, cooking times vary from 12 hours to "days" with 
most accounts giving 24 to 48 hour.s as the time required. No cooking 
times are a week or longer as stated above by Buck for Saoma. In 
Chapter 4, I give my research on cooking£...:.. australis. 

Preparing and Eating Ti 

After cooking from 12 to 48 hours the ti was removed from the 
ovens and possibly pounded before either directly eating or being 
dried in the sun. After drying, the ti was stored in elevated store
houses where it would keep up to two or three years (Best 1976:269). 

Before eating it was softened in water and then pounded to remove 
the edible matter. Shaking in water was a common method of disengag
ing the edible substance. "The gruel-like mixture of the meal and 
water, so much appreciated" was called waitau kauru in the South 
Island (Best 1931:17). 

Another method was to let it decay, the meal (fragments) 
of the Kauru was stirred around inside containers, and 
when the stirring was finished· it was brought to oe 
eaten by the visitors and by the tangata whenua also. 
It is just like jam, the swee,tness of the taste and has 
the appearance also of a jelly (Kauru n.d.:7). 

It was eaten with and helped to sweeten fern root. It was also 
chewed and the fibre ejected (Best 1976:261, 263, 268, 269). 

_Ceremony and Tapu 

Throughout Oceania there was 
surrounding the cooking of Cordyline. 
magico-religious beliefs attached to 

a certain amount of ceremony 
This no doubt was due to the 

Cordyline. 

Firewalking has been practiced in some islands of the Pacific. 
The ceremony is closely connected with the sacred powers of the ti 
plant. The large oven which contains the heated stones is identical 
to an umu ti without the cooking process. Henry (1928: 214-220) cites 
instances of firewalking in Raiatea, Fiji, Rarotonga, Society Islands, 
New Zealand, Japan and Hawaii. She also gives a translated account of 
the Raiatean ceremony. The sacred ti leaves formed an important part 
of the ceremony. It is interesting to note that.according to some 
elders of the Urewera tribe, the Maori could perform the firewalking 
ceremony (Gudgeon 1899). Best (1924a:204-206) also describes 
ceremonial firewalking. It has long been out of practice as in most 
other places. The meaning of the ceremony has also been lost. 

Ceremony surrounded the cooking of ti in New Zealand and 

On the evening of the night before the time when the 
people started to work the kauru, a fire was kindled to 
roast the kouka (base of the shoot) of the Ti. That act 
was for the tohunga alone to perform, then all the 
people went up, each individually to give his own kouka 
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to the tohunga. When the karakia began that tohunga or 
those tohunga would put the kouka they had been given 
onto the1 fire. When it was ready, at the proper time, 
it would be plucked out to one side Ritual chants were 
chanted "puhenga" was carried out (meaning unclear) 
things were carried to the female side and the male side 
Each hap~ had its Tohunga do likewise (Kauru n.d. :3). 
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A South Island Maori remarked, "when the kauru field was taken up, 
then the first root was suspended as a food offering to the god, and 
some other kauru were cooked for the priests" (Best 1976:272). 

Tapu also surrounded the ti cooking: 

... the two sexes were compelled to remain apart until 
the process was completed. Should this rule be broken, 
then assuredly the food would be found not properly 
cooked, or possibly it would be burned. Persons so 
offending would be detected, they could not conceal the 
fact. If they did not confess on being questioned they 
would be slain (Best 1976:269). 

For ti para the wood of the honeysuckle tree (Knightia excelsa) 
would not be used for heating the stones. If it were used, it was 
thought that the next crop of ti would fail (Best 1931:15). 

\ CONCLUSIONS 

The familiarity and many 
the prehistoric importance of 
used mainly as a food and its 
material for plaiting. 

uses of Cordyline in Oceania point to 
this plant. Its roots and stems were 
leaves provided cordage, medicine, and a 

Analysis of£..:.. terminalis reveals that it 
saccharide made up mainly of fructose. £..:.. 
supply carbohydrates, and presumbably the 
Zealand were harvested and cooked for the same 

contains a soluble poly
terminalis was cooked to 
other Cordylines in New 

reason. 

The Maori were fortunate in having several endemic species to pro
vide them with an "easily" obtained carbohydrate supply. From all 
accounts, this was a summer industry which at least in Canterbury took 
place away from permanent settlements. £..:.. australis was the main 
species available in southern New Zealand, although others were pre
ferred and even cultivated in the North Island. 

The Maori constructed earth ovens and cooked ti in-much the same 
manner as the rest of Polynesia. It is evident that they brought the 
technology with them (along with£..:.. terminalis) and applied it to its 
greatest extent in southern New Zealand. They left behind the remains 
of their industry--large earth ovens which are still impressive if for 
no other reason than the sheer amount of labour which went into con
structing them. 
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CHAPTER 2 

SITE SURVEYING AND EXCAVATION OF MAORI OVENS IN SOUTH CANTERBURY 

INTRODUCTION 

Large Maori ovens occur and have been recorded over wide areas of 
Canterbury, Otago, and Southland. They are especially prevalent on 
the Otago Peninsula (Knight 1966) and along the Waitaki River (Vincent 
1980). Ethnographic accounts indicate that large ovens were used for 
cooking£..:.. australis and have the name of ~ ti (Kauru n.d., Best 
1976, Brunner 1952:125) as presented in Chapter 1. Knight (1966) 
presents convincing archaeological information on the existence of~ 
ti along with accounts. 

To better understand the construction and use of these ovens, it 
was decided to investigate ovens over a wide area of South Canterbury 
by site surveying and excavation. 

Archaeological site surveying has become more important recently 
with the necessity of "environmental impact statements" and other 
cultural resource planning. This has increased the available litera
ture on methods of surveying and reporting sites. I mainly used the 
helpful suggestions given by King (1978) and Daniels (1979). 

Site surveys were conducted both on my own using background 
information and with teams of six to fifteen people. Site suveying 
was aimed at locating large ovens for excavating and a study of their 
distribution over both a wide area (extensive survey) and to each 
other in small groups (intensive). During the course of site survey
ing, I recorded a total of 47 large ovens out of 82 known ovens in my 
research area. 

During January and February 1982, two major excavations of oven 
sites were carried out in South Canterbury near Waimate and Timaru. In 
addition, 28 individual ovens were sampled over a wide area from the 
Waitaki river to Albury and Timaru in the north. The work was done 
under N.Z. Historic Places Trust permit 1981/26. Labour was provided 
by the Department of Labour's Student Community Service (SCS) 
Programme and volunteers which numbered between fifteen and twenty. 
The SCS Programme was administered by the University of Otago. 

The excavation programme was designed to investigate oven sites 
on two levels: 1. Two major excavations were conducted to determine 
oven characteristics such as size, the method of construction, oven
stone size, and possible reuse. Also, it was intended to find 
evidence of any occupation (e.g. camp sites), and artefacts associated 
with cooking activity. 2. Extensive oven sampling was done to compare 
oven characteristics. In all excavations, charcoal samples were 
collected for wood identification to be used for radiocarbon dating 
and to determine the type of firewood used. Ovenstones and soil 
samples were collected for use in the development of a TL dating 
method and chemical analysis, respectively. 

The site surveying section begins with the methodology used. This 
is followed by the results of the surveys and a discussion. 
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After the site surveying section, I first discuss the results of 
the major excavations at Limestone Hills near Waimate and Landsborough 
Road just outside of Timaru. I obtained; nine radiocarbon dates for 
these sites which in most cases agreed with the interpretations of the 
stratigraphy. 

results, ,and discussion of the oven 
27 ovens. Twenty-five radiocarbon 
the large ovens studied were used 

Next, I present the methods, 
sampling programme carried out on 
dates were obtained, indicating that 
throughout the prehistoric period. 

Evidence from these sites, including residue analysis and season
ality studies, implies they were used for cooking Cordyline and thus 
they are umu ti in agreement with ethnographic descriptions. 

Before the conclusions, I discuss the results of the radiocarbon 
dates in a wider context of the settlement of southern New Zealand. 

SITE SURVEYING 

METHODS 

Two areas in South Canterbury were initially selected for prelim
inary surveying: Christchurch to Temuka and Temuka to the Waitaki 
River. South Canterbury was choosen because many large ovens were 
already recorded in the area, and the greywacke used as ovenstones was 
the most promising candidate for thermolumin~scence (TL) dating (see 
Chapter 3). Note that basalt which is found in many areas of New 
Zealand, including Dunedin, is difficult if not impossible to da~e 
using TL. 

I prepared myself for the types of oven sites to expect by doing 
backgro~nd work on the use of Cordyline in the Pacific area including 
New Zealand (see Chapter 1). During a visit to the Canterbury Museum, 
I obtained information on all recorded oven sites in South Canterbury. 
Note that Vincent (1980) has recorded many ovens along the Waitaki 
River in the area covered by New Zealand topographical map S127 
(Series NZMSl). Site records for S127 are held in Dunedin. 

After initial contacts in the two areas, I selected the area from 
Temuka to the Waitaki River for further surveying because this area 
had more intact large ovens (Figure 2.1). 

Before my second visit to the area, I obtained a list of all 
oven/pit sites in my proposed research area from the New Zealand 
Historic Places Trust and plotted these on NZMS1 topographical maps. 
My next two trips to the area involved checking of all sites previ
ously recorded and making enquiries from local landowners with the 
help of farm location maps. At this time I studied aerial photographs 
taken at 26,500 and 11,500 feet. These were housed at the Department 
of Lands and Survey in Timaru. Large ovens which I knew well were not 
visible on the photographs so it was immediately apparent that aerial 
photographs would be of no assistance in locating oven sites. 

On the last trip to South Canterbury before excavations began, I 
selected oven sites for major excavations. 
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FIGURE 2.1 Research area in South Canterbury bordered by dashed line 
and the Waitaki River to the south. Numbers in circles indicate state 
highways. Contours are in metres. 

From my surveys it was apparent most oven sites occurred along 
streams. Therefore, systematic site surveys were concentrated on 
areas along streams although other areas were searched. Teams of 6 to 
15 people spaced at intervals of 5 to 10 metres walked both sides of 
streams and in the case of streams in gullies people also walked along 
the top of the gullies. During the first days of excavations, I 
introduced the team to different types of oven sites so they were well 
aware of what to look for. I also conducted dummy surveys of sites 
known to me, but unknown to the survey team to see if they could 
locate the sites. Any pits which may have been ovens but had no oven
stones visible were probed using metal tent stakes. 

Field equipment included compasses, tapes, theodolite, and plane 
table. 
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RESULTS AND DISCUSSION 

A list of oven sites in my research area is given in Table 2.1. 
The location of these sites is presented in Figure 2.2. I recorded 47 
(56%) of the 82 large ovens listed in Table 2.1. Shallow ovens 
located with large oyens are listed, but are not included in this 
discussion as they were only found during excavations. Photographs of 
some ovens are shown in Figure 2.3. 
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FIGURE 2 .2 
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Map giving oven site locations indicated by numbers. 
parentheses are sites where one or more ovens were 

NZAA site numbers corresponding to oven sites are given in 
Numbers in circles indicate state highways. Contours are 
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TABLE 2.1 

Oven sites which are probably umu ti in South Canterbury 

Map Site Grid No. of Excav. 
No. Number Ref. Ovens ID Comments 

(1) S101/64 303 741 2 R2D2 

(1) S101/65 305 741 1 TTHO One more oven destroyed 

(1) S101/66 307 736 1 

(1) S101/67 310 732 1 NWO 

(1) S101/68 315 734 1 

2 Sll0/39 457 536 1 

2 S110/ 40 443 534 1 More ovens in area 

(3) Slll/31 736 511 6 LO Major site, one large and 
five small ovens, one pit 

(4) S118/9 519 382 1 ASO 

(4) S118/11 492 380 1 FLO 

(5) S118/8 461 435 1 cso 

(5) S118/10 478 368 1 TO 

6 S118/l 544 357 1 More ovens in area 

6 S118/7 519 342 1 

6 S118/13 513 349 1 

6 S118/14 527 357 6 

(7) S119/7 618 27 6 1 HHO 

(7) S119/8 619 268 1 

(7) Sl19/9 616 27 6 1 

~ 
(7) S119/10 619 272 3 ZBO,FPO 

8 S119/11 583 183 1 

9 S119/5, 6 573 105 2 One more oven not recorded 

(10) S128/5 591 790 1 LHTO 

(10) S128/6 591 790 1 UHTO 

11 S128/10 553 091 1 

12 S127/168 533 081 2 Also two pits 

12 S127/169 540 085 4 

12 S127/170 543 095 7 
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TABLE 2.1 (continued) 

Map Site Grid 1No. of Excav. 
No. Number Ref. Ovens ID Comments 

(13) Sl27/159 545 074 3 SDO,GSDO One small oven, rectangular oven 

(13) Sl27/160 547 075 3 LH Major site, one small oven 

l (13) Sl27/161 543 073 2 CBO Also two pits 

(13) Sl27/165 540 071 2 One rectangular oven 

I ; (13) Sl27/163 545 075 2 Also one pit 

f 
(13) Sl27/164 542 072 2 Also one pit, rectangular oven 

(14) Sll8/15 475 106 2? DLO Site bulldozed, one pit 
I. 

(15) Sl27/162 495 068 2 HVA,HVB Rectangular ovens 

\ 
16 Sl27/167 495 985 1 

I 
I 17 Sl27/166 425 972 1 

(18) Sl27/141 329 969 1 BB423 

19 Sl27/140 288 010 1 

(20) Sl27/138 291 029 f, 
\ MPl 

(20) Sl27/139 283 027 1 MP2 

(2'J) Sl27/171 294 034 1 

21 Sl27/148 253 022 1 

(22) Sl27/142 229 035 1 W07 

I, 
(22) Sl27 /143 231 039 1 WOl 

(22) Sl27/144 233 039 1 W04 

(22) S127/145 231 039 1 W02 

L (22) S127/146 231 038 1 W03 

(22) 3127/147 230 037 2 W05,W06 

(22) S127/149 244 035 1 

23 S127/150 259 063 1 

23 Sl27 /151 238 074 1 

Notes: 

1. Map number refers to oven locations on Figure 2.2. Parentheses indicate 
locations where one or more ovens were excavated. 

2. Site Numbers (NZAA) and Grid References are for NZMS1 topographical maps. 
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FIGURE 2.3 Photographs of some ovens. Locations are given in T-2ible 
2.1. NZAA site numbers are: (top) Sl18/8, (bottom) S127/169. 
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FIGURE 2.3 (continued), Sl27/162, a rectangular oven recently used. as 
a stone dump . 

Most recorded sites are in the , foothills of the Hunters Hills and 
hills along the Waitaki River. Few recorded sites are near ~:nown 
Maori settlements (Anderson 1980, 1982, 1983). This observation 
agrees with ethnographic accounts. For example, Shortland (1851) 
noted on January 19th, 1844 while visiting Waiateruati: "This was the 
season for digging the root of the "ti" or "whanake", which grows in 
great vigour near the base of the mountains forming the western bound
ary of the plain." This area is still rich in oven sites. 

There is a noticeable lack of sites on the plains. This may be 
due to heavy cultivation with subsequent destruction of sites. The 
sites on Figure 2.2 at 3 and 7 probably escaped destruction because 
they are located in gullies. The oven at 8 was missed by bulldozing 
because it is on a bend in a stream. Ovens at 9 are located in an 
uncultivated valley and those at 10 were only slightly damaged by 
cultivation. The many oven sites at 13 were missed by ploughing 
because they are either on stream bends or unploughed land. Border 
diking which destroys sites completely is common in South Canterbury. 
Some sites (1, 20, 23) are in remote and difficult to reach areas. 

Raised rims were found on 76% of the ovens with an additional 7% 
posssibly having raised rims, but these were damaged by either culti
vation or bulldozing (Figure 2.4). All large ovens should have raised 
rims because they are formed while uncovering ovens to remove the 
cooked contents. I do not know why some ovens are without raised 
rims, but this may be due to erosion over a long period of tirne or 
heavy rains shortly after they were used causing dispersal of the 
soil. Davidson (1974) notes large rimless ovens in Samoa found along 
with raised-rim ovens which are accepted as being~ ti. She could 
offer no explanation for the lack of rims either. 
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FIGURE 2.4 Photographs of damaged oven sites: (top) S128/5 and Sl28/6 
damaged by cultivation; note stones littering the ground; (bottom) 
S118/5 damaged while bulldozing a farm track. 
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The types of terrain in which these ovens are found is given in 
Table 2.2. Any one oven can be classified in one or more locations. 
For example, site number Sl19/8 is located in a gully on a raised 
point of land in a bend of a stream on the bank and site Sll8/ll is 
located on flat land near a stream. I could not determine whether 
some ovens were constructed near streams (4.9%) because the land has 
changed considerably due to clearing and cultivation. Still, most 
ovens were located near streams. It might seem an easy task to locate 
ovens just by surveying along streams, but there are hundreds of small 
streams in South Canterbury, and many of these are remote or have 
their banks covered with bush or tussock which makes ovens nearly 
impossible to find (Figure 2.3). Oven sites with map numbers 1, 5, 
20, and 23 (see Figure 2.2) are examples. These ovens were discovered 
while mustering sheep by landowners who were familiar with Maori 
ovens. 

Fifty percent of large ovens are located on stream banks. It is 
difficult to determine whether this distribution reflects actual pref
erence by Maori for oven sites. Ovens survive along streams where it 
is difficult or impossible to cultivate, although many ovens must have 
been destroyed along streams which are now dry and ploughed. Neverthe
less; according to Table 2.2 the best places to find large ovens are 
in bends of streams on banks or on flat land in valleys near streams. 
Of course, these locations include thousands of hectares of land! 

TABLE 2.2 

Locations of large ovens in South Canterbury (% occurrence) 

Near Hill 
Strm. Top 

95.1 8.5 
( 4. 9) 

Slope Flat 

24.3 70.7 

Valley Gully Terrace 

39.0 11. 0 32.9 

Raised 
Point 

8.5 

Stream 
Bend 

37.8 

Stream 
Bank 

50.0 

Note: Number in parentheses for location near stream indicates percent 
unknown because of changing topography. 

Figure 2.5 shows seven ovens located in a small area on Wainui 
Station. All ovens are located on terraces within 75 metres of a 
small stream and numbers 1 to 4 are in a valley (Figure 2.6). They are 
large ovens and only one does not have a raised rim (Table 2.3). Ovens 
are often found in groups of which 1 to 3 are examples. Oven sites are 
commonly found on terraces and in valleys (Table 2.2) making these 
ovens "typical" examples for South Canterbury. A good view across the 
Waitaki River is afforded from the terraces. £..:.. australis can still 
be seen on the hills, although it has been largely destroyed by sheep 
and cattle. These ovens were excavated in my sampling programme which 
is discussed later in this chapter. 
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FIGURE 2.5 Map of ovens located on Wainui Station. Numbers corres
pond to ovens WOl to W07. A photograph of this area is given in 
Figure 2.6. Measurements of these ovens are given in Table 2.3. 
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FIGURE 2.6 Terrace on Wainui Station where ovens W01-W07 (Sl27/142 to 
147) are located. Farm track in photograph leads into a valley W-bere 
ovens W01-W04 are located as shown in Figure 2.5. 

TABLE 2.3 

Measurements of ovens on Wainui Station shown in Figure 2.5 

Map - . NZAA site Diameter to Depth 
No. Number S127/ Top of Rim (m) (cm) 

1 143 n.r. 10 

2 145 4.0 35 

3 146 3.7 18 

4 144 4. 0 40 

5 147 3.6 25 

6 147 4.1 40 

7 142 5.2 70 

Notes: 

1. Site Numbers are cross referenced to 
Table 2 .1. 

2. Depths were determined from the highest 
point of rims or, in the case of no rim, 
to the surrounding area; n.r. = no rim. 
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Limestone Hills is another farm which has many ovens (Figure 
2.7). On my first visit, the existence of only three large ovens was 
known. I have recorded 27 pvens on this property to date and more are 
brought to my attention by the landowner each time I visit. This is a 
good example of the value of interested landowners in finding sites. 
Over 50% of the known ovens on this property have been found by the 
landowner, and it is unlik~ly they would have been found by site 
surveying because of their locations (ovens at 7, 8, and 9 are 
examples). These ovens are comparable in size to those on Wainui 
Station (see Table 2.4). About half of the ovens are located on 
fairly flat land along streams (1-6, 10). This property is very hilly 
as shown in Figure 2.7, and ovens were unexpectedly found in difficult 
to reach areas (7, 8). I do not know why Maori would have gone to so 
much trouble to build ovens in inaccessible areas when more could have 
been made along the lower streams. One stream, however, does have 
several ovens along it (1-6). This stream is the site of a major 
excavation and sampling excavations which are described later in this 
chapter. 

The rectangular ovens on Limestone Hills (Table 2.4) and those at 
15 on Figure 2.2 are the only ones of this type found during site 
surveying. Since the construction of such ovens has been presented by 
Hay (1915:15) and Stack (1893:26-27), and in another account (Kauru 
n.d.), it is likely that more exist but await discovery and recording. 

\ ... ·· 

----;~:a: 

KEY 

w 
a 
u, 

\ 
I 

.. -············.;,_;, S, 

·····t.·· ...... ··· ...... ····· 

---Vehicle track ..... Contour • Building 0 
0 Bush ------.. Stream -- Fence 

......... ·-r.· 
"' .····. 
~ .... :" 

·• .•• = : E 

FIGURE 2.7 Map of Limestone Hills; numbers give locations of oven 
sites described in Table 2.4. Contours are in metres. 
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TABLE 2.4 

Measurementy· of ovens on Limestone Hills shown in Figure 2. 7 

Map 
No. 

1 

1 

2 

2 

3 

3 

3 

4 

4 

5 

5 

6 

6 

7 

7 

8 

8 

8 

8 

9 

9 

9 

9 

9 

9 

10 

Notes: 

NZAA Site 
Number Sl27/ 

160 

160 

163 

163 

159 

159 

159 

161 

161 

165 

165 

164 

164 

\ 168 

168 

169 

169 

169 

169 

170 

170 

170 

170 

170 

170 

170 

128/10 

Exac. Diameter to 
ID Top of Rim (m) 

LH0-1 n.r. 

LH0-2 4.3 

SDO 

GSDO 

CBO 

2.9 

3.0 

2.4x4.3 

n.r. 

3.2 

3.9 

3.4 

2.4 

2.8x3.2 

2.4x3.5 

2.6 

3.7 

2.9 

n.r. 

n.r. 

3.2 

3.6 

3.7 

3.3 

2.8 

3.2 

2.8 

2.6 

3.8 

5.0 

Depth 
(cm) 

20 

40 

30 

30 

35 

25 

53 

55 

20 

30 

30 

15 

35 

25 

40 

30 

35 

40 

40 

35 

20 

45 

35 

20 

52 

50 

1. Site Numbers are cross referenced to Table 2.1. 

Pit 

N 

y 

y 

N 

N 

N 

N 

y 

y 

N 

N 

y 

N 

y 

y 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

y 

2. Depths were determined from the highest point of rims 
or, in the case of no rims, from the surrounding area; 
n.r. = no rim. 

3. Y = yes and N = no to indicate if a pit was found next 
to a particular oven. 
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I have given the diameters and 
2.4 to give an indication of what 
encountering similar sites. The 
mined in detail by excavating give 
of ovens. The depths have little to 
because they are determined by the 
and erosion. 

depths of ovens in Tables 2.3 and 
measurements can be expected when 

diameters which can only be deter
a rough idea of the relative sizes 

do with the actual sizes of ovens 
amount of filling from ovenstones 

Pits associated with ovens are common at Limestone Hills. Pits 
contain no stones as determined by probing. Pits associated with 
ovens in major excavations were found to be empty and most likely 
served as borrow pits to cover ovens while cooking (see discussion of 
major excavations). Ovens and associated pits for one site at 
Limestone Hills are shown in Figure 2.8. Figures 2.10 and 2.22 also 
contain pits. Pits are commonly found within two metres of ovens. 
Knight (1966) describes "dimples" next to two raised-rim ovens 
(S164/305775, S164/30773) which he excavated. They are probably 
identical to the pits which I have recorded, but he notes that more 
dimples were found in surrounding areas. Davidson (1974) also found 
circular pits associated with~ ti in Samoa. 
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FIGURE 2.8 Plan of NZAA site number S127/161 corresponding to map no. 
4 in Figure 2.7 and Table 2.4. 
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An entirely different type of pits said to be Maori ovens was 
found at 9 in Figure 2.2. The pits which were dug into clay are 
perfectly circular with vertical sides. They were fired because they 
are red, and look and feel like pottery. The dimensions for all three 
pits are the same: 1.9 m within 3 cm. No ovenstones could be detected 
by pr9bing, but it is possible they exist under the fill. The nearest 
description is that of Davidson. (1974) for circular pits with straight 
sides in eastern Upolu which were said to be used for water storage. 
However, the pits near Waimate have been fired. I cannot say the pits 
are definitely ovens because they were not excavated. It would be 
interesting to investigate this site further. 

Of the 47 ovens which I recorded, 22 came to my attention by 
making enquiries within the research area and 11 were brought to my 
attention by one farmer after the excavation programme was completed. 
Fourteen ovens were discovered while site surveying. 

During the excavation programme we surveyed in nine different 
areas including terraces, gullies, valleys, and along streams (Figure 
2.9). We discovered 14 ovens which seems like a good success rate. 
But 13 ovens were on the same farm where we were excavating and 11 of 
these were on a stream which we surveyed repeatedly. Only one oven 
was found in the remainder of the site surveys. I do not think there 
was anything wrong with our methodology (the team always found the 
ovens in the dummy surveys!). The ovens are extremely difficult to 
locate and in some areas they are nonexistent. The presence of 
cabbage trees and streams does not indicate the most likely areas to 
find ovens although every oven sit~ in Table 2.1 has cabbage trees and 
95.1% are known to have streams nearby. Another vital ingredient is 
stones. In some areas where limestone and many cabbage trees are 
found (e.g. Limestone Valley [Figure 2.9, A], Gordons Valley [D]) 
there is no greywacke and from site surveying, no ovens. There is one 
possible exception to this observation which I know about. A land
owner on a farm where we were site surveying (Figure 2.9, D) indicated 
that he had plowed up large concentrations of greywacke and charcoal 
near a stream. He thought it was odd because no greywacke is found in 
the area. Evidently Maori had carried ovenstones into the area 
because at least two things were plentiful: water and cabbage trees 
(and possibly wood). One account of harvesting and cooking ti in the 
South Island states: 

If there was no forest at the kauru-working places, then 
the people of each hapu carried their kauru [actually 
uncooked trees] to a place with forest to be near the 
firewood required for cooking. It took about one week 
more or less to complete the carrying of the kauru to 
the forest. It depended on how far away the territory 
was whether the carrying was lengthy or from closeby 
(Kauru n.d.) 

This indicates all ingredients for cooking Cordyline did not have to 
be in one place, although this would have been most desirable. Other 
examples of ovenstones being carried some distance are evident in site 
numbers S101/64 and 65, S127/160 and 168 where stones are found up to 
800 metres away. The lack of ovens in areas with abundant cabbage 
trees, but no greywacke does not mean these areas were not worked; the 
ti could have been carried elsewhere to be cooked. 
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t 
which were systematically 

state highways. Contours are 

Where are the best areas to find oven sites? The most reasonable 
answer is to look in areas where ovens have already been found. But 
this does not guarantee success, because we surveyed in four areas 
where ovens were found and failed to find any more (C, D, G, I). It 
should be noted that winter is the best time to site survey when grass 
is short. 

I can only conclude that it is not worth the effort to systemati
cally survey large areas of the country to specifically find oven 
sites. They are difficult, if not impossible, to find. To put this 
more in perspective, for 42 of the ovens in Table 2.1, I received 
directions from the landowners on their locations and tried to find 
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them myself. I found only two of 
get assistance from the landowners 
(see also Vincent 1980:29-30). 
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them and for the remaining, I had to 
who often had trouble locating them 

The most efficient way of finding oven sites is to make land
owners aware of their existence. I have attempted to do this by 
contacting farmers, by giving public talks, and communicating through 
newspapers (Fankhauser 1984), radio (Fankhauser 1985a), and television 
(Fankhauser 1985b, 1986). 

In the future, it is likely many more oven sites will be found 
and recorded. Hundreds must still exist in South Canterbury, Otago, 
and Southland. 

MAJOR EXCAVATIONS 

LIMESTONE HILLS 

Site Description 

The site, S127/160, is located on a bank near a stream below the 
house of the landowner, P. Studholme. The site on the north is 
bordered by a swamp (Figure 2.10), but at some time the stream 
probably flowed directly below the site. The soils are classed as 
dry-hygrous yellow-grey earths which are moderately enleached gleyed 
gammate pallic soils with a strongly developed fragipan from sub
moderately argillised greywacke loess (Soil Bureau Bulletin 1968: 
32-33,386; Gibbs 1980:57-60). The topsoil (0-20 cm) is a greyish 
brown (Munsell) or yellowish grey (Japanese Industrial Standard--JIS), 
2.5Y4/1, friable silt loam with an indistinct irregular boundary 
containing many worm casts. The B horizon (- 20-45 cm) is dark 
greyish yellow to light yellow (JIS), 2.5Y5/2 - 2.5Y7/4, with a loamy 
texture (silty clay) containing coarse brownish yellow mottles and 
iron concretions. At 85 cm depth the soil has a loamy texture and is 
pale yellow, 2.5Y8/4. 

Outcrops of greywacke occur in the area and cabbage trees (.£..,_ 
australis) are abundant. The vegetation since European settlement is 
classed as tussock grassland, but podocarp-hardwood-beech forest was 
present at some time over much of the area (Molloy et al. 1963). 

Before the excavation, the surface topography was marked by three 
large pits, one with a raised rim, and a ditch running parallel with 
the line of pits at a distance of about three metres (Figures 2.10 and 
2.11). The site was in good condition being used only as pasture. 

Excavation and Stratigraphy 

Gridding began by running a line through the center of the pits 
which were numbered 1 to 3 starting from the west. From the center of 
the raised-rim pit the grid was layed out in 2 m squares in an area of 
12 x 8 m. Turf was removed from alternate squares and the excavation 
began in this "checkerboard" pattern by test pitting (20 cm square) in 
corners of the 2 m squares (Figure 2.12). It was decided to excavate a 
larger area than just the immediate vicinity of the pits in order to 
show surface features and any signs of occupation. Alternate squares 
were excavated initially to preserve cross sections, and then 
additional squares were opened. 
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FIGURE 2.10 Site plan of the excavation at Limestone Hills. Pits are 
numbered 1-3 starting from the left. 

Excavation continued over the entire opened area of the site to a 
depth of 12-15 cm (layer 1) where the charcoal scattered throughout 
the topsoil diminished markedly. The charcoal was dispersed fairly 
evenly throughout layer 1. Number 8 wire was found at a depth of 10 cm 
in two squares (A7 and J8) and glass and brick fragments wer@ found at 
the same depth in squares D6 and HS, respectively. 

Concentrations of stone fragments were found at a depth of 8 cm 
in the raised-rim pit, indicating the pit was an oven with an inside 
diameter of nearly 4 m (Figure 2.12). Thirty cm wide trenches were 
dug in squares EF/3,4 to outline and determine the depth of the 
raised-rim oven. A 50 cm wide trench was made to the centre of the 
oven in squares Gl & 2. These trenches were also made to give an 
indication of the accuracy in determining the amount of ovenstones in 
an entire oven from only those found in the trenches. All ovenstones 
were counted and weighed. A sheep burial was revealed in the topsoil 
layer at the center of the oven. Fused stones were found amongst the 
ovenstones (Figure 2.13). Up to 15 cm of charcoal and pieces of 
unburned wood were found below the ovenstones (Figures 2.13 and 2.14). 
Fired clay fragments were found in the ovenstone layer (lOYRl.7/1) and 
the sides of the oven contained fired clay. Throw-out (fired stones 
and clay, melted greywacke, charcoal) from a previous oven was concen
trated south of the raised-rim oven (Figures 2.14a and 2.15), but was 
evident in all squares around the perimeter (Figure 2.16). These 
stones were counted and weighed. A throw-out layer, or more properly 
throw-off layer, (layer 2, 'dark greyish yellow, 2.SYS/2) from 
uncovering the raised-rim oven was found up to 2 m from the outside. 
Throw-out was found to a depth of 60 cm in square ES. 
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FIGURE 2.11 Site at Limestone Hills before excavation (top) and after 
clearing (bottom). 
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FIGURE 2.12 Site at Limestone 
(top); removal of topsoil from 
stones (bottom). 
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gridded into 2 x 2 m squares 
raised-rim oven revealing oven-
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FIGURE 2.13 Melted greywacke from the raised-rim oven (LH0-2) at 
Limestone Hills (top); excavated quadrant of raised-rim oven showing 
ovenstones and charcoal (bottom). 
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FIGURE 2.14 Cross sections from the Limestone Hills excavation: (a) 
face F/G through the centre of the raised-rim oven, see Figure 2.10, 
(b) face 2/3 through the centre of pits 1-3. 
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FIGURE 2.15 (Top) stone throw-out immediately to the south of the 
raised-rim oven. Note the clay throw-off visible in the background. 
The shallow oven is visible amongst the stone throw-out below the 
sign. (Bottom) cross section of shallow oven. 
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FIGURE 2.16 Site plan of Limestone Hills excavation showing the 
extent of throw-out. 

Pit 1 was also found to be an oven containing a large amount of 
stones, fired clay, and charcoal (Figure 2.14b). It too contained a 
sheep burial in the topsoil. The oven walls contained fired clay. Its 
use predates that of the raised-rim oven because the ditch surrounding 
the main oven was dug through the small oven and the throw-off layer 
from the raised-rim oven was overlying it. This throw-off layer 
between Pit 1 (oven 1) and the raised-rim oven was among the deepest 
found in the site. 

Pit 3 contained no concentration of stone or charcoal and had no 
burnt layer common to the other ovens. 

A shallow oven (0.8 m diameter) was found within the throw-out 
from the raised-rim oven (Figures 2.14a 
to have been dug into the topsoil and 

during the use of the raised-rim oven. 

debris at a distance of 1 m 
and 2.15). It did not appear 
would have been at the surface 

The ditches visible on the surface and located to the south of 
the ovens (see Figure 2.10) showed no signs of human activity and must 
be erosion features. 

All soil excavated from the site was sieved through 1/4 in. (0.64 
cm) sieves. No artefacts or bones were found except for sheep bones. 
No postholes or signs of camping were found in the area excavated. 
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FIGURE 2.17 Limestone Hills site restored after excavation. 

The mass per ovenstone was determined by filling buckets with a 
known number of stones and then weighing. Several buckets were 
weighed for each final determination. I then calculated the mass per 
ovenstone for each bucketful and added the values together getting an 
average value with a "standard deviation". 

After completing the excavation, the site was backfilled and the 
turf was replaced (Figure 2.17). Lawn seed was also scattered onto 
the site. 

Interpretation and Discussion 

The charcoal found in the topsoil is probably the result of 
European burnoff because much of this developed since European 
occupation as indicated by the historic artefacts found at 10 cm 
depth. 

It is evident that the raised-rim oven was used more than once 
judging from the amount of fired stone and charcoal debris surrounding 
it. Evidence for reuse also includes the existence of melted stone 
and fired clay fragments in the area around the oven. It was 
difficult to · define the stratigraphy because of worm and spider 
mixing. The charcoal, for example, was evident for several cm into 
the natural layer. 

The amount of debris around the oven could be interpreted as 
corning from several uses of the oven where small stones were rejected 
and only large ones reused. However, this does not seem to be the 
case. The average ovenstone sizes and total masses for the site are 
given in Table 2.5. This indicates that the throw-out is consistent 
with another oven of the same size as the small oven. I interpret 
this to be not a reuse of an oven, but the digging of another larger 
oven in the same position as a small oven after it was cleaned out. It 
is possible that there were two small contemporary ovens when the site 
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TABLE 2.5 

Ovenstone measurements for Limestone Hills , site 

Oven or Squares Mass (kg) Mass/stone (g) 

Raised-rim oven: 1980 105 ± 2 6 

EF/3,4 475 n . d. 

GH/1,2 515 n.d. 

F/3,4 30 cm test trench 120 n.d. 

G2,H2 50 cm test trench 190 n.d. 

Small oven (No. 1) 165 38 + 11 

Throwout 155 40 + 15 

Shallow oven (FG/ 5, 6) 80 102 ± 20 

Note: n.d. = not determined 

was revisited (pit 1 and another pit 2) by Maori, and it was decided 
to take advantage of the pit already existing. Apparently the 
existing ovenstones were rejected in preference to larger ones. This 
decision to use completely new ovenstones indicates a preference for 
stones of a certain size. This decision involved additional labour 
because the nearest greywacke outcrops are located 0.8 km away. Of 
course, the raised-rim oven is much larger and would have involved 
considerable effort anyway to obtain the additional ovenstones. The 
throw-out layers are consistent with my interpretation. In Figure 
2.18, I give a sequence of events which accounts for the stratigraphy 
found in the site as shown in Figure 2.14a. 

Apparently there was a shortage of soil for covering the raised
rim oven, because it had been made in the same place as a previous 
oven. Additional soil was obtained immediately to the west of the rim 
(see square Din Figure 2.14b) and accounts for the deeply dug area 
shown in Figure 2.10. Most of the throw-out was to the south (68% is 
found in the 2 m square EF/5,6) where it was out of the way for 
obtaining soil from two sides of the oven. There was, however, no 
comparable deep area to the east like that on the west. It is 
possible that pit 3 furnished additional soil for covering the oven 
and would, therefore, be a borrow pit. It is difficult to see any 
other use for this pit. It was not surrounded by any throw-out to 
indicate that it may have been cleaned out and it lacks a burnt clay 
layer common with the other ovens. Its stratigraphy indicates that it 
precedes or is contemporary with the raised-rim oven. 

The shallow oven must have been made at the same time as the 
raised-rim oven because it was dug into the throw-out layer and 
covered by throw-off. The ovenstones used in the shallow oven are the 
same size as those of the raised-rim oven (Table 2. 5) . There was no 
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FIGURE 2.18 Sequence to account for stratigraphy in the Limestone 
Hills _site (Figure 2 .14a) : (a) small oven at completion of digging, 
(b) small oven immediately after use, (c) return to the same site and 
digging of larger oven, (d) large oven immediately after use. See 
text for an explanation of the shallow oven to the right of the large 
oven. Key is given in Figure 2.14. 

indication of what the oven was used for, but I give a possible use in 
my interpretation of the Landsborough Road site where similar ovens 
were found. 

The presence of melted greywacke both in the large oven and in 
the throw-out indicates that extremely high temperatures were reached 
during firing. A thin section of melted greywacke from the raised-rim 
oven is shown in Figure 2.19. The only mineral still intact is quartz 
while the other minerals have formed a glassy matrix. (See Chapter 3 
for a discussion on the mineralogy of greywacke.) Mullite has been 
formed in the cracks (Figure 2.19; Landis, pers. comm.). Mullite is 
also formed in pottery and porcelain fired at high temperatures (see, 
for example, Tite et al. 1984). 

I attempted to melt greywacke in a muffle furnace. At 1000°c 
at 1190°c melting just started to occur there was no change, but 

indicated by bubbles in the iron 
It must have been a windy day 
high temperature. 

minerals as viewed in thin sections. 
when the oven was used resulting in a 
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FIGURE 2.19 Thin sections of (top) melted greywacke (polarized), and 
(bottom) melted greywacke showing mullite crystals (dark blotches are 
residual stain used in identifying minerals. 
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The stratigraphy of both ovens indicates that wood was put in 
first and fired before stones were added while the wood was burning. 
Certainly the stones were not heated in a separate pit (e.g, pit 3) 
and transferred before cooking such as has been described for umu 
konau (Best 1924b). Careful excavation of the raised-rim oven 
revealed grooves in the oven wall. The grooves are probably from 
digging sticks which were used to loosen soil. 

The presence of fired clay fragments is most likely due to some 
of the clay falling back into the ovens during preparation. While we 
were excavating at Limestone Hills we had a hangi and the oven con
tained many fired clay fragments. (Note that this oven was excavated 
for comparison.) The walls of this oven also contained fired clay. 
There is no reason to think that fired clay is exclusive to large 
ovens or umu ti as may be inferred from the interpretations of Knight 
(1966). In fact, he feels that clay may have been used to "clam up 
the space between the stones forming the top layer" to retain the 
steam. This presumbably was done by hand, but it is difficult to 
imagine how anyone could get near enough to the hot stones to do this. 
It is also hard to see what effect a few kg of clay would have in the 
presence of two tonnes of ovenstones, especially when the whole oven 
was covered with soil to seal it. The presence of fired clay in the 
rim and throw-off can be explained simply by its having been produced 
while firing the oven. 

Another possible explanation for the fired clay is found in an 
account on cooking ti where earth was heaped over the stones before 
the placement of leaves and bundles of ti (Kauru n.d.). I am not sure 
if or why this was done, but the earth could have prevented smoke from 
forming in the covering process. Fired clay would be formed in this 
process. On the other hand, it seems unlikely that this procedure was 
universal because several ovens excavated in my sampling programme did 
not have fired clay (see discussion below). It is not possible to 
detect this practice archa~ologically because earth fills the ovens 
after they are abandoned. 

The total amount of ovenstones in the raised-rim oven was 
estimated to be 1980 kg from the two quadrants excavated (Table 2.5). 
Estimates of the ovenstone mass can be made from the test trenches. 
This was done by simply determining the area and mass of the test 
trench in comparison with the area of the circle of stones. If an 
ovenstone radius of 1.6 mis used, then a total mass of 1909 kg is 
calculated by using the results for test trench F3 & 4. The 50 cm 
wide test trench in squares G2 and H2 gives an estimated 2009 kg. Both 
estimates based on the test trench results agree closely with that of 
the quadrants. This indicates that a good estimate of ovenstone mass 
can be obtained by using only a test trench, and this was the tech
nique used in the sampling programme to be discussed. 

The complete lack of faunal remains and prehistoric artefacts at 
the site is consistent with the findings of Knight (1966) for ovens 
interpreted as umu ti. Ovens used for cooking moa are quite different 
in that they are usually small, and faunal remains and artefacts are 
found in the immediate vicinity (see, for example, Anderson 1979, 
1982). Even though the small oven (#l)in this site is dwarfed by the 
raised-rim oven, there is no indication that they were not both used 
for cooking the same thing, i.e.£.,__ australis. Even a small oven can 
produce enough heat to generate steam for two days (Fankhauser 1982). 
I will return to this discussion later. 
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LANDSBOROUGH ROAD 

Site Description 

The site (Slll/31) is located in a sheltered stream valley 
(Figures 2.20 and 2.21) which has never been cultivated. The valley 
walls have outcrops of basalt and the stream bed is made up of large 
basalt boulders. The early Quaternary flow of tholeiitic olivine
clinopyroxene-orthopyroxene basalt is 125 sq. km in area and extends 
from Mount Horrible to the coast at Timaru (Watters 1978). The soils 
on this site are similar to that of Limestone Hills, i.e. dry-hygrous 
yellow-grey earths with clay alluvium in Horizon B derived from grey
wacke loess (Soil Bureau Bulletin 1968:32-33, 386; Gibbs 1980:57-60). 
The topsoil is a yellowish brown, 2.5Y5/3, friable silt loam with many 
worm casts. At 20 cm the soil is a dull yellow, 2.5Y6/3, silty clay 
and at 30 cm it is light yellow, 2.5Y7/4. The rainfall ~s from 635-750 
mm per year. Cabbage trees are plentiful in the valley. Two pits, one 
of them with a raised-rim were visible on the surface. 

Excavation and Stratigraphy 

A grid line was run through the center of the pits and gridding 
in 2 m squares started from the center of the raised-rim pit. An area 
of 12 x 14 m was gridded (Figure 2.22). Turf was removed from alter
nate squares and 20 cm square test pits were dug with trowels at the 

[23 Excavated 

Q Sampled 

N 

FIGURE 2.20 Landsborough Road site located in a valley near Timaru. 
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FIGURE 2.21 Landsborough Road site: (top) pits before excavation, 
(bottom) site during excavation. Note sieving towers in the 
background and the turf saved for restoring the site. 
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FIGURE 2.22 Landsborough Road site plan. The key is given in Figure 
2.10. 

corners of the 2 m squares. All squares were then exc·avated to a 
depth where charcoal was present, i.e. to the top of the "cultural" 
layer. This depth varied from 5 to 15 cm. and revealed fired stones 
over much of the site. Also ovenstones were clearly visible in the 
raised-rim pit indicating it was an oven (Figure 2.23). A heavy 
concentration of stones was found in squares Nll and 010 which proved 
to be a shallow oven. A shotgun shell was found at a depth of 10 cm in 
square M12 and clear bottle glass and a nail occurred at 11 cm in 
squares N12 and R12, respectively. 

The throw-out layer contained fired basalt and clay, and 
charcoal in a mixed topsoil-clay matrix generally greyish yellow brown 
(JIS). This layer was very deep around the perimeter of the raised-rim 
oven and decreased in depth with distance from the oven (Figures 2.24 
and 2.25). Some depressions were found under the throw-out layer. 

The raised-rim oven was 
fired basalt and charcoal. 
layer. A deep ditch was dug 
the oven itself (Figures 2.23 

shallow, but it contained an abundance of 
Burnt fibre was found below the stone 

around the oven to nearly the depth of 
and 2.25). 

The pit west of the raised-rim oven 
and charcoal (it contained no more debris 
appearance was similar to pit 3 in the 
plant fibre remains were found in the pit. 

was nearly empty of stones 
than other squares). Its 

Limestone Hills site. Some 
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FIGURE 2.23 (Top) raised-rim oven at Landsborough Road after removal 
of topsoil. (Bottom) excavation to the bottom of throw-out layer -
note the deep ditch immediately to the north of the raised-rim oven 
which appears at the lower right of the photograph. A shallow oven 
(L0-1) is visible in lower left corner. 
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FIGURE 2.24 Landsborough .Road excavation. Cross section of face J/K 
through the centre of the raised-rim oven, see Figure 2.22. A ditch 
adjacent to the oven is visible in squares 10 and 11. 
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FIGURE 2.25 Landsborough Road excavation. Cross section of face 
12/13 through the centre of the raised-rim oven. The location of 
shallow ovens 3 and 4 are projected onto the cross section (see Figure 
2.28 for location). A ditch around the oven is visible in squares I, 
H, and M. Key is given in Figure 2.24. 
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A total of five shallow ovens were found within 2 m of the 
raised-rim oven. They were located at different levels in the throw
out (cultural) layer (Figures 2.25, 2.26, 2.27, and 2.28). All ovens 
contained fired stones and charcoal. No cooking remains were found in 
four of these ovens, but a fifth (No. 4) contained faunal remains. 

A search was made for any evidence of camping or settlement in 
the valley. An area of 1700 sq. m around the excavated area (Figure 
2.20) was divided into 4 m squares which were each randomly test 
pitted by choosing a number from one to four from a bag. Test pits 20 
x 20 cm were dug to a depth of 50 cm. Only six test pits contained 
traces of charcoal. No further traces of charcoal were found upon 
excavation of these test pits. 

The site was backfilled and turf replaced when the excavation was 
completed. The site was also sown with lawn seed. 

Interpretation and Discussion 

Most of the topsoil on the site has built-up since European occu
pation, indicated by historic artefacts at a depth of about 10 cm. In 
most of the site the topsoil was just overlying the cultural layer 
except for the outlying squares (G5; HS; KL/5,6; Rll & 12) which had 
no cultural layer. The throw-out layer was a fairly uniform colour 
throughout and easy to follow even though there was considerable worm 
mixing. It was difficult to detect the division between the cultural 
layer and sterile natural because charcoal streaks were carrried 
several cm into the natural by worms. Most of the throw-out debris 
was located immediately to the north of the raised-rim oven (Figure 
2.28) and the throw-off was mainly to the east. A total of 294.5 kg of 
fired basalt debris was found around the oven. This would represent 
only about half of the debris because alternate squares were 
excavated. The stones varied in size from 0.01 to 2.4 kg, but on the 
average were smaller than those found in the ovens (Table 2.6). Very 
few are fractured. Gillies (1983) found that 10 cm basalt ovenstones 
could be used up to ten times before 50% of them were fractured. Many 
of the larger stones in the throw-out layer could have been reused, 
but obtaining stones was no problem as they were readily available 
from the stream bed. 

There seems to be little selection of stones based on size for 
any ovens in this site. They varied from a few g up to several kg and 
one in the raised-rim oven weighed 10 kg. The stones in the stream 
bed are highly irregular and it may not have been worth the time to 
select them. Of course, it is not necessary to have stones of a 
constant size as the most important thing is having the mass to retain 
the heat. The ovenstones were red from firing and were also heavily 
pitted. Knight (1966) indicates pitting to be an indication of the use 
of water for producing steam. I think that pitting in basalt is 
entirely due to weathering as there was no difference other than 
colour between the stones found in the stream bed and ovens. This 
does not mean that water was not used, because ethnographic accounts 
indicate its use and ovens are nearly always near streams. 

There was a large amount of soil dug from around the raised-rim 
oven presumably to cover it while cooking when it had been reused. 
There would be plenty of soil to cover an oven from the oven pit in 
its first use. The oven must have been used several times based on the 
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FIGURE 2.26 Landsborough Road shallow ovens no. 1 and 5 (L0-1, L0-5) 
viewed towards the northeast in square NlO (see Figure 2.28 for 
location). 
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FIGURE 2.27 Landsborough Road excavation. 
giving the positions of shallow ovens 1, 
Figure 2.24. 

Cross section of face N/0 
2, and 5. Key is given in 



/ 
/ 

61 

E F G H I J K L M N 0 p Q R 

' 5 
I 1,5,5 I I 0,0 

6 

7 
I /10.24 I I 6,5,3~ 1~40 

8 

9 I 1 I ~n,.. I t I :j I 
, 

I-

I- >-,-
\)1,5, 46 '\. 

10 I 
I x-<.1.. 

"-< 
I- I -...... ;,, 

;,. 

11 I ;>, 
A ,.. 

21,5,56 ..\ 

'v0-5~10 
12 I 

,, 
I ... 
I 

.. 
13 I I~ I I \.-- I 11 T 

I 

I I 15,49 
I'\. V,:, 1,1 '{ I \ / ~ 

14 

15 l 
5,16 I 

I '::~--1-- I 38,91 

16 

~ Limit of ovenstone throwout T T .,. -,. .,.. Depressions in natural ~z 
I 

F IGURE 2.28 Si te plan of Landsborough Road excavation showing the 
extent of t hrow-out, and t he ma ss and numbe r of stones found in each 
excavated 2 x 2 m squa r e. Squares without numbers were not excavated. 
n . d . = mass and number of s tones not dete r mined . Ovens 1 to 5 are 
shallow ovens. 

TABLE 2.6 

Ovenstone measurements for Landsborough Road site 

Location Mass/stone (kg) 

Raised- rim oven 0.93 ± 0 . 58 

Shal l ow ovens: 

L0- 1 0.80 ± 0.63 

L0-2 0.54 ± 0. 1 8 

L0-3 0.88 ± 0.66 

L0-4 0 . 56 ± 0.27 

L0 - 5 2 . 00 ± 1.28 

Throwout 0.33 ± 0.09 
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amount of mixing of soil and debris around the site. Even the throw
off layer contained charcoal and f{red stones because these would be 
incorporated into the covering while digging around the ,oven. The rim 
of the oven may have been built up to increase the capacity which 
would require more soil. The pit to the west of the oven (Figure 
2.28) looked identical to the one at Limestone Hills with no indica
tion that it was ever an oven except for some ovenstones ,and charcoal. 
Since ovenstones and charcoal were found up to five metres away from 
the raised-rim oven their presence in the pit cannot be taken as proof 
that it functioned as an oven. I think the pit was used for soil to 
cover the oven. It is far enough away from the oven to not have to 
dig through rock debris and, in fact, is in an area where little 
debris was found (Figure 2.28). 

The stratigraphy of the oven is the same as those at Limestone 
Hills and indicates how it was constructed. Wood was put in first, 
fired, and then the stones were thrown in. Little care was taken in 
getting an even depth of stones as one quadrant contained 40% less 
mass than the other. The uneven and large sizes of the stones would 
have something to do with this (note that this was the only site 
investigated which contained basalt ovenstones), but it is unlikely 
that they were shifted around with a pole as was done in Tahiti (Henry 
1893) and Samoa (Buck 1930:136). 

Plant fibre (charcoal) found in the raised-rim oven, oven 4 
(L0-4), pit, and square M7 was identified as~ australis (Molloy, 
Wallace, pers. comm.). Its presence in the site does not mean that 
the raised-rim oven was used for cooking ti (cooked ti J?uld not be 
charcoal). Nevertheless, its presence gives an indication that ti was 
being utilized and this use was unlikely to be as firewood, especially 
when totara was available as identified from the charcoal. 

The location of three shallow ovens (1,2,5) at different levels 
in the throw-out laye~ is interesting (Figures 2.26 and 2.27). It 
appears that they were constructed along with different subsequent 
uses of the raised-rim oven. In this case, oven 5 would be the oldest 
and oven 1 would be the youngest and possibly was present at the last 
use of the large oven. 

It appeared that ovens 3 and 4 were made sometime after the 
raised-rim oven because a depression was visible from the surface 
where these ovens had cut into the throw-off layer (Figure 2.21). Oven 
4 was located below oven 3 and thus predates it (Figure 2.25). Since 
oven 4 was located near the surface and in a slight depression, it 
must be younger than the raised-rim oven. 

The faunal remains (shrivelled meat) found in this oven were 
identified as green-lipped mussel (Mason, pers. comm.) The ocean is 
only 4 km away and this valley would afford a sheltered spot while 
walking inland. I do not know why the mussel was in the charcoal 
layer under the stones and not eaten. This is not a usual method of 
cooking (Sutton 1971), although Best (1924b) does mention putting 
heated stones on top of food to be cooked with additional stones 
underneath. He does indicate, however, that embers were removed and 
only stones were left in the pit which is not the case for oven 4. 

Ovens 3 and 4 were probably used while camping in the valley or 
while passing through. Other than this, no evidence of camping was 
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f ound even though most of the valley 
2.20). It is p ossible that evidence of 
cliff face where we could not sample 
This area is to the left of the sieving 

was test pitted (see Figure 
camping e x ists along the s outh 
because of dense undergrowth. 

towers in Figure 2.21. 

If shallow ovens 1, 2, and 5 are taken to be contemporary with 
different uses of the raised-rim oven, and I think they were, t hen t he 
oven was used a minimum of three times . 

Other than mussel, this site was devoid of any faunal remains and 
prehistoric artefacts. The use of the shallow ovens can only be s pec
ulated since the only thing to associate wi th them is the raised-rim 
oven. I do not think that the location of ovens 1, 2, and 5 at the 
same distance and in similar circumstances as the shallow oven at 
Limestone Hills is coincidental. They must have had a function and I 
do not think it was for warmth o r cooking while building the large 
oven. It is likely that eating was tapu near these o vens while they 
were being prepared (see Chapter 1). A possible use for these ovens 
is touched upon in an anonymous account (Kauru n.d. :3). 

On the evening of the night before the time when the 
people started to work the kauru, a fi r e was kindled to 
roast the kouka (base of the shoot) of the ti. That act 
was for the tohunga alone to perform, then all the 
people went up, each individually to give his o wn kouka 
to the tohunga. When the karakia began that t ohunga or 
those tohunga would put the kouka they had been given 
onto the fire. When it was ready, at the proper time, 
it would be plucked out to one side. Ritual chants were 
chanted, "puhenga" was 
things were carried to 
side. Each hapu had its 

carried out [meaning unclear], 
the female side and the male 
Tohunga do likewise. 

I believe the shallow ovens served a ceremonial purpose (umu 
karakia?). Cooking the tops (undeveloped leaves) of ti would leave no 
remains which is c ons i stent with t h e excavation results, and these 
ovens would be found in association with .!:!TI!!!. ti. Note that the 
account says the kouka were roasted in a fire, but this would not be 
the way to cook them unless they wanted charcoal! Small stone ovens 
must have been used. I predict that if other large raised-rim ovens 
are excavated, shallow ovens will be found in similar circumstance s . 
This may be the instance in a site located along the Dart Ri ver 
(Anderson and Ritchie n.d.). They interpret the site to be mainly 
used for cooking ti (~ australis), and a shallow oven (pit IV) was 
located beside a large raised-rim oven (pit I). They do not assign a 
particular use to the shallow oven, but I believe it may have served 
the same function to which I assign similar ovens at Limestone Hills 
and Landsborough Road. 

RADIOCARBON DATING 

Table 2.7 lists the charcoal species and C-14 dates for Limestone 
Hills (LH) and Landsborough Road (LO) sites. 

Excavation results indicate LH oven 1 (LH0-1) is older than LH 
oven 2 and dating also indicates this difference. Oven 2 appeared to 
be contemporary with the associated shallow oven (LH / FS,6) and the 
dates are statisticctlly indistinguishable (Ward and Wilson 1978). 
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Table 2.7 

Charcoal species and C-14 dates from earth-oven sites: Limestone Hills (LH) and Landsborough Road (LO) 

Lab 
ID 

LH0-1 

LH0-2 

NZ Species 
No. 

6169 Podocarpus totara/hallii 

6168 Podocarpus totara/hallii 

LH/F5,6 6362 R..:.. totara/hallii, Hebe (m) 

Podocarpus totara/hallii 

Comments On Charcoal 

Outermost charcoal where possible 

Outermost unburned wood and adjacent inner char. 

Mainly outer totara and smaller Hebe stems 

Unable to sort outer wood, mixed age 

E._: totara/hallii, E..:._ spicatus (m) Outer and mixed age 

C-14 Date 
(years BP) ± 

909 47 

666 3 4 

568 

896 

895 

LOK13 

L0-1 

L0-2 

L0-3 

L0-4 

L0-5 

6322 

6391 

6331 

6420 

6422 

6431 

Podocarpus totara/hallii Mixed age; outer, unburnt wood, small stems, unknowns 1040 

33 

34 

31 

35 

34 

34 

34 

Podocar2us ~i~atu~ Mixed age 664 

P. spicatus, h australis (m) Mixed age 752 

Podocar~ spicatus Mixed age 874 

Notes: 

1. C-14 dates calculated with respect to 0.95 NBS Ox. Ac. Std and old Tl/2 (5568 years). Errors one std dev. 

2. Species identifications and comments by B.P.J. Molloy, DSIR, Botany Division, Christchurch. 

3. (m) = minor amount. 

----

CJ) ..,. 

\ 
\ 
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Rather than indicating in all cases whether any two dates are 
significantly different, I wil l present a general method for this 
assessment. It should be noted that any differences between dates are 
for charcoals and may not relate to sites being dated. The errors 
given for C-14 dates are counting errors (Table 2.7), but a more 
realistic standard error is 50 years (Clark 1975) which would apply to 
all my dates. With this error the shortest time interval distinguish
able by any two C-14 dates is 139 years for P = 95% and 182 years for 
P = 99% (Ward and Wi l son 1978). 

If the standard error is further corrected for calibration curve 
error, then all errors in Table 2.7 will be ± 71 years (McFadgen 
1982). Then the shortest time i ntervals for distinguishing ages 
become 197 and 258 years for p = 95 and 99%, respectively. I think 
these errors are closer to reality. 

The raised-rim oven at Landsborough Road (LOK13 ) has a radio
carbon age of 896 ± 34 years. The most recent sha llow oven thought to 
be associated with it (i.e. the last time it was used and abandoned) 
has an age of 895 ± 31 BP wh ich certainly gives a strong indication 
for a similar event. A previous use of the main oven should have oven 
L0 - 2 associated with it. This age of 1040 BP is probably earlier (P = 
95% assuming errors of ± 50 years), but rather too early for a 
practical reuse of the main oven. Apparently some very old totara was 
used to fire this oven. L0-5 should be the oldest oven because it is 
under L0-1 and L0-2 (Figure 2.27). It cannot be decided from the 
dates if this is so. The age of 1040 for L0-2 has to be impossible if 
the stratigraphy is considered. If the age of L0-1 is assumed to be 
correct, then the radiocarbon age of L0-2 is at least 145 ± 47 years 
too old using the errors provided. Ages of 664 and 752 years BP for 
L0- 3 and L0-4 are reasonable considering that they are stratigraph
ically later than other ovens and L0-3 is on top of L0-4 (Figure 
2 .25). 

The radiocarbon dates for the mos t part agree with the stratig
raphy. All ovens, however, were dated with podocarp charcoal with its 
inbuilt age. The inbuilt age comes not onl y from the age of the tree, 
but also includes the time from death to use as firewood. This latter 
time can be considerable in a climate such as found in Canterbury. 
For example, "fallen logs, obviously pre- dating European deforesta
tion" are still found in the eastern part of the South Island (Molloy 
et al. 1963). This is certain to lead to problems in accurate dating. 
I will discuss these problems when presenting the radiocarbon dates 
for sampled ovens. 

OVEN SAMPLING PROGRAMME 

METHODS 

A datum peg was placed close to each site from which the position 
of excavation could be recorded. Each oven was gridded starting with 
a line from the center to beyond the radius of the rim or pit. A line 
was then placed parallel to this at a distance of 50 cm (Figure 2.29). 
Excavation of a 50 cm wide trench following these lines was started 
from the outside carefully working to the centre following the natural 
soil layers (Figure 2.30). Excavating a trench represented a minimal 
disturbance to each site while gaining useful information. 
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~trench 

FIGURE 2.29 Oven sampling plan. 

The completed excavations revealed a cross section for each oven. 
These cross sections were drawn and photographed. Soil samples were 
taken for gamma-ray spectroscopy to be used in conjunction with _ 
thermoluminescence (TL) dating. Soil samples were also used for 
chemical analysis to determine oven use. Ovenstones and charcoal were 
collected for TL and radiocarbon dating, respectively. Ovenstones were 
counted and weighed in buckets as described prev iously. 

Every site was backfilled and sown with grass seed. 

DESCRIPTION, INTERPRETATION, AND DISCUSSION 

In support of site surveying, it was encouraging to find that all 
sites selected for sampling except one were actual ovens. This site 
(SlOl/59) which I had not recorded was found to be a sink hole common 
to limestone areas and was removed from the NZAA site records. 

Table 2.1 lists the sampled ovens and locations are given in 
Figure 2.2. Measurements of several ovens are given in Tables 2.3 and 
2.4, and more information will be presented below. The best descrip
tion is given in the cross sections presented in Figure 2.31. From the 
cross sections it is possible to determine the diameter, depth, and 
method of construction for individual ovens. The cross sections 
reveal that ovens occur in many shapes and sizes. The diameters of 
ovenstone layers vary from 1.0 metre for DLO (Figure 2.31c) to 3.2 m 
for BB423 (Figure 2.31f). The depths of stone layers vary from 15 to 
70 cm for ZBO and W07, respectively. 
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FIGURE 2.30 (Top) sampling of an oven; (bottom) view into a sampled 
oven showing ovenstones. 



68 

Most ovens have a layer of charcoal in the bottom with additional 
charcoal scattered throughout the ovenstone layer. The method of 
construction was the same as that found in the major excavations, i.e. 
wood was put in first and fired; then stones were thrown on the 
burning wood. Some ovens do not have a charcoal layer and four (CSO, 
CBO, LHTO, WOl) did not contain enough charcoal for radiocarbon 
dating. Probably some of these reignited after being used for cooking, 
resulting in finely dispersed charcoal which over time has produced a 
dark soil. Both Gillies (1979) and I (Fankhauser 1982) have observed 
reignition when ovens were opened even after two days of cooking. 

W07 (Figure 2.3lx) was the only instance of one oven being built 
on top of another. It is likely that upon reuse this oven was not 
completely cleaned out, but it was deep enough for this to be 
unnecessary. 

DLO was the only oven to have a pit adjacent to it where both 
were excavated (Figure 2.31c). This pit contained throw-out debris 
similar to pits at Limestone Hills and Landsborough Road. 

A shallow oven (GSDO) was found next to a large rectangular 
raised-rim oven (SDO) shown in Figure 2.31t. A thick layer of throw
out (throw-off?) was found overlying GSDO very much like those 
encountered in major excavations. This was the only discovery of a 
shallow oven while sampling. It is unlikely that shallow ovens would 
be found by excavating with trenches because most of the area around 
ovens was untouched and the trenches did not extend far enough. 
Shallow ovens might have been detected by probing, but the existence 
of throw-out would confuse this method. Anderson and Ritchie (n.d.) 
also excavated a large raised-rim oven by trenching, and it is likely 
they would have missed any shallow ovens if they were present. 

The oven walls have slopes varying from 25 to 75 deg. 
trasts with the ovens excavated by Knight (1966) on 
Peninsula where he found almost vertical oven walls. 

This con
the Otago 

Three ovens (W02, W04, BB423) contained melted greywacke indicat
ing the high temperatures reached in earth ovens. TL dating requires 
samples to be heated to high temperatures. The presence of melted 
stone leaves little doubt that any ovens would have poorly fired 
stone. 

NWO (SlOl/67) was the only sampled oven to contain .Q..,_ australis 
charcoal . .Q..,_ australis is not prevalent near NWO now. Other species 
identified in charcoals from NWO, R2D2, and TTHO are sparsely 
represented in the area (Table 2.9). However, at the time the ovens 
were used they must have been available. 

Thirteen ovens appear to have been used more than once due to the 
presence of fired stones in the throw-out. I could not determine if 
five ovens had been reused because the trenches did not extend far 
enough beyond the rims. It is likely that over 50% of the sampled 
ovens were reused. 

Fired clay fragments were present in nine ovens. Most ovens on 
Wainui Station were situated in gravel and would not have fired clay. 
HVA and HVB (Figures 2.31u and 2.31r) had no fired clay because they 
were dug into sand. Ten ovens which were dug into clay contained no 
fired clay fragments. This means that fired clay fragments are not 
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necessarily a characteristic of ovens of this type as pointed out by 
Knight (1966). Relying on his criteria, Hamel (1977:194-195) used the 
absence of fired clay as a basis for rejecting an oven as an umu ti. I 
do not think that the presence or absence of fired clay can be used to 
assess the use of any oven (see also the discussion on major 
excavations). I believe all large ovens excavated in my programme are 
~ti. 

There was a complete lack of any prehistoric faunal material and 
artefacts in all ovens (sheep and rabbit bones were found in four 
ovens). This would indicate that they were not used for cooking moa 
and point to cooking of ti as the only alternative. This point will be 
explored further under chemical anaysis of residues. 

The following nine pages contain Figure 2.31. 

Key to Figure 2.31 

[2a Ovenstones l3 Humus 

~ Ovenstone fragments msand 

19] Stones-Unfired and Naturai D Grovel 

Ill Charcoal ~Turf 

Ll Charcoal fragments != J Brown topsoil 

~ Burnt layer ~ Grey topsoil 

j0 
o 

0 j Fired clay fragments m Dark soil 

t•!•1 Clay (Natural) [II]] Light soil 

[~+~ Clay (Cultural) 
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A further assessment of these ovens is presented in Table 2.8. 
The total ovenstone masses based on trench measurements varied from 
410 kg for HHO to 3255 kg for W07. I have not considered GSDO in this 
assessment because it appears to be an accessory oven to SDO. Two 
ovens with large masses (W05, W07) are located near each other (Figure 
2.5). Two adjacent rectangular ovens (HVA, HVB) also contain large 
masses of ovenstones. The total calculated masses should be within 
roughly 10% of the true massses based on results from the Limestone 
Hills excavation discussed above. Note that the Limestone Hills ovens 
contained greywacke like all of the sampled ovens. The amount of 
stones gathered for some of these ovens is impressive, but is less 
than total masses found by Knight (1966) for earth ovens on the Otago 
Peninsula where one oven contained 13 tonnes and another 4 tonnes. 

In most instances, the ovenstones appeared to be selected accord
ing to size, but some of this selection was influenced by the stone 
available. This selection is not adequately shown by the results in 
Table 2.8 because many of the stones were firecracked leading to 
smaller masses per ovenstone and larger variations in the apparent 
ovenstone masses. These errors will be similar for all ovenstones 
because they are all greywacke. Hence, the values should be treated 
relatively and not taken as absolute. 

RADIOCARBON DATING RESULTS FOR SAMPLED OVENS 

Radiocarbon ages range from 1045 to less than 250 years BP, 
obtained on charcoal from 15 species of trees (Table 2.9). As in the 
Limestone Hills and Landsborough Road sites, several dates are derived 
from mixed-age charcoals of podocarp species. These ages are for trees 
and not the use of earth ovens! Other C-14 ages have been determined 
from shorter lived species and as a whole are younger. Ages of less 
than 250 years BP are obtained when there is a combination of short
lived species and small stems with less than 20 growth rings. The 
ovens less than 250 years BP, with the exception of GSDO, are probably 
large~ ti and, unlike all other ovens, are rectangular. This is 
definitely a style change from the circular ovens. Rectangular ovens 
were described by Stack and Hay (see Chapter 1) and also in a manu
script (Kauru n.d.) relating the way the Ngatimamoe and Ngaitahu 
harvested and cooked ti. This probably indicates a method of~ ti 
construction unique to these tribes and may indicate northern 
influence for the Classic culture along with certain weapons and 
ornaments (e.g. mere and hei-tiki), and to the introduction of forti
fications (Anderson 1983:31-42). For further discussions on the 
Ngaitahu see, for example, Simmons (1973), Leach (1978), and Leach and 
Hamel (1978). 

I find it interesting that two ovens dated to less than 250 years 
BP contain kanuka (Leptospermum ericoides) and manuka (.1..:.. scoparium) 
which are "nurses" for forest trees. Two others (SDO, GSDO), in close 
proximity to three ovens which only contained totara (LH0-1, LH0-2, 
LH/F5,6 in Table 2.7), had charcoal identified as hebe, coprosma, 
beech, and a minor amount of totara. The forest was apparently regen
erating with some totara in its midst. 

The presence of a variety of woods for use in ovens indicates 
wood was not selected, but whatever was available was used. Podocarps 
may have been preferred when they were available as shown by the 
frequency of use (Tables 2.7 and 2. 9) . This question and the 
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TABLE 2.8 

Some characJ:eristics of sampled ovens from South Canterbury 

Oven 
ID 

Mass per Total Raised 
Ovens tone Oven- Rim 

stone 
g/stone ± Mass (kg) 

ASO 210 5 790 Y 

TO 270 60 950 N 

cso 

FLO 

DLO 

195 10 800 N 

130 5 930 Y 

60 5 450 Y 

HHO 150 35 410 Y 

ZBO 150 60 605 Y 

FPO 130 20 460 Y 

MPl 210 45 1130 N 

!1P2 290 

3B423 155 

WOl 305 

W02 \ 200 
\ 

W03 310 

W04 175 

W05 315 

W06 185 

W07 305 

SDO 175 

GSDO 120 

CBO 165 

HVA 530 

HVB 900 

LHTO 

UHTO 

R2D2 

TTHO 

NWO 

Notes: 

n.d. 

270 

180 

360 

350 

130 

35 

110 

90 

60 

60 

95 

40 

185 

60 

15 

35 

180 

400 

75 

10 

40 

35 

1100 

2710 

520 

600 

1680 

1310 

2155 

1330 

3255 

1100 

178 

500 

2300 

2000 

950 

900 

1350 

1710 

1875 

y 

y 

N 

y 

y 

y 

y 

y 

y 

y 

N 

y 

y 

y 

N 

N 

N 

y 

y 

Stone 
Depth 
(cm) 

45 

36 

40 

55 

30 

40 

15 

53 

27 

28 

28 

35 

38 

32 

43 

65 

35 

70 

40 

15 

40 

35 

35 

35 

32 

66 

55 

45 

1. Altitude is in metres above mean sea level. 

2. n.d. = not determined, Y = yes, N= no. 

Altitude 
(m) 

245 

335 

365 

290 

305 

85 

85 

85 

610 

640 

155 

335 

335 

335 

365 

275 

245 

185 

185 

185 

200 

120 

120 

150 

150 

520 

520 

600 

3. Values for mass per ovenstone and total ovenstone mass are 
rounded to the nearest 5 g and 5 kg, respectively. 
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TABLE 2.9 

Charcoal species and C-14 dates from sampled earth ovens in South Canterbury 

Lab NZ Species Comments On Charcoal 
ID No. 

ASO 6173 PodocarE:J._§_ 1::._9tara/hallii Mixed outermost and unknown 

TO 6230 Hoheria/Plagianthus Unknown age 

FLO 6375 Podocarpus spicatus Outer, smaller sterns, mixed age 

DLO 6167 Podocarpus totara/hallii Outermost unburned wood and adjacent inner char. 

HHO 6174 Podocarpus totara/hallii Mixed outermost and unknown 

ZBO 6419 Podocarpus spicatus Mainly outer, and mixed age 

FPO 6384 Podocarpus spicatus Outer and mixed age 

MPl 6210 Myrsine ausJralis Smallish sterns and relatively young wood 

MP2 6409 Olearia, .M. australis Small stern wood 

BB423 6209 Mzrsine australj.s Smallish sterns and relatively young wood 

W02 6172 Sophora rnicrophylla Smaller sterns and outermost char.; rings unknown 

W03 6343 Sophora rnicrophylla Relatively short lived 

W04 6383 Hoheria/Plag (rn) ' ~o:12rosrna Small sterns and mixed age 

C-14 Date 
(years BP) 

951 

821 

694 

863 

840 

1045 

658 

609 

718 

675 

852 

630 

588 

+ 

47 

49 

34 

47 

34 

40 

34 

34 

34 

30 

31 

34 

29 

' \ 

0:, 

f--' 



Lab 
ID 

NZ 
No. 

W05 6212 

W06 6393 

W07/1 6171 

W07 /2 6211 

TABLE 2.9 (continued) 

Species Comments On Charcoal 

M. australis, Hymenanthera? (m) Smallish stems and relatively young wood 

M. australis, .§...:_ microphylla (m) Mainly smaller stems 

'-. ..:-

Coprosma Stem wood with probably less than ten growth rings 

Myrsine australis Small stems and relatively young wood 

C-14 Date 
(years BP) ± 

392 

588 

509 

589 

29 

34 

46 

34 

SDO 6170 

6300 

6166 

6411 

6208 

6297 

Coprosma, Nothofagus Smaller stems with pith, probably< 20 growth rings < 250 

< 250 

< 250 

< 250 

GSDO 

HVA 

HVB 

UHTO 

R2D2 

TTHO 

NWO 

Notes: 

6364 

6321 

Hebe,.!:..:. totara/hallii (m) Hebe stems selected 

L. scoparium, ~ crassifolius (m) Stems and outer wood with< 20 growth rings 

Leptospermum ericoides Small stem wood 

Lophomyrtus abcordata 

M. australis, Hymenanthera? (m) 

Myrsine australis 

P. totara/hallii, Coprosma (m) 

Slow growing but relatively short life span 

Smallish stems and relatively young wood 

Mainly small stems 

Small stems and outer wood, up to 30 growth rings 

560 

647 

657 

652 

29 

30 

29 

34 

1. C-14 dates calculated with respect to 0.95 NBS Ox. Ac. Std and old Tl/2 (5568 years). Errors one std dev. 

2. Species identifications and comments by B.P.J. Molloy, DSIR, Botany Division, Christchurch. 

3. (m) = minor amount. 

CXl 
N 
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prehistoric vegetation of South Canterbury will be presented in a 
forthcoming paper (Fankhauser and Molloy n.d.). 

Ovens ZBO and FPO are adjacent, with HHO a short distance away, 
but their ages differ markedly. This could be viewed as ti exploita
tion in one area over a long period of time (nearly 400 years). What 
is probably the case, however, is the use of podocarps giving mixed
age charcoals, so no age conclusions can be made. 

The Wainui ovens (WO) are also in close proximity to one another 
and have an age range from 392-852 years BP. Three of these ovens 
have the same age (W04, W06, W07/2), so this may represent intensive 
oven building in one area over a short time period. W02 and W03 are 
adjacent (Figure 2.5) and show a difference in ages of 220 years. This 
may be real as they are both dated with kowhai (Sophora rnicrophylla). 
Oven W07 was the only type found to have two uses with one oven on top 
of the other (Figure 2.31x). The C-14 dates agree with the 
stratigraphy. 

Ovens TTHO and R2D2 are within 100 
the same hill. Their ages are within a 
a short period of ti exploitation in 
conclusions can be made if allowances are 
possible differences in the age of trees. 

rn of each other and NWO is on 
range of ten years indicating 
this area. But no definite 

made for counting errors and 

I compare the charcoal samples to the dates produced in Table 
2.10. It can be seen that the oldest ages are predominately from the 
podocarp species. The youngest ages are from shorter lived species, 
especially when young stern wood is selected (Table 2.9). I can only 
conclude that when long-lived species are found in an archaeological 
context, it may not be worth the time and effort involved to obtain a 
radiocarbon date. 

Nevertheless, it is evident 
cooked throughout the prehistoric 
reasonable given that the Maori 
cooking with them to New Zealand 
source (see Chapter 4) . 

that £.:... australis was harvested and 
period in South Canterbury. This is 
brought the technology of Cordyline 
and knew it was a good carbohydrate 

.ANALYSIS OF OVEN CHARACTERISTICS 

The characteristics of sampled ovens in Table 2.8 and comparable 
characteristics for large ovens from major excavations were statisti
cally analysed. Note that only large ovens which are probably .!:!I!!!!. ti 
were compared. I also included radiocarbon dates and charcoal species 
found in Tables 2.7 and 2.9 plus oven shape (2 for round, 4 for 
rectangular). The presence of raised rims was represented by 1 for 
yes and -1 for no. 

No relationships, e.g. ages against mass per ovenstone, were 
significant at the 10% level using regression analysis. The simplest 
method of comparison which yielded useful information was the calcula
tion of the Pearson product moment correlation coefficients, or corre
lations for short. Although no correlations were high, the best 
correlations in descending order were between age and oven shape 
(-0.76), age and mass per ovenstone (-0.63), age and total ovenstone 

mass (-0.57), charcoal species and oven shape (0.55), and the presence 
of raised rims with oven shape (-0.50). If only circular ovens 
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TABLE 2.10 

Number of charcoal samples of the identified species from earth ovens 
giving a C-14 date in the given age intervals 

Species 

Podocarpus spicatus 

P. totara/hallii group 

Myrsine australis 

Sophora microphylla 

Hoheria/Plagianthus ~ 

Olearia .~ 

Cordyline australis 

Coprosma §.P..: 

Hyrnenanthera ~? 

Hebe~ 

Lophomyrtus abcordata 

Leptospermum ericoides 

Leptospermum scoparium 

Nothofagus ~ 

<250 

lm 

1 

1 

1 

1 

1 

Pseudopanax crassifolius lm 

Notes: 

250-
500 

1 

lm 

500-
600 

1 

2 

lm 

lm 

2 

lm 

1 

600-
700 

3 

2 

4 

1 

lm 

lm 

700-
800 

1 

1 

1 

lm 

800-
900 

1, lm 

5 

1 

1 

>900 

1 

2 

1. "m" indicates a minor amount of a particular species occurring in 
a charcoal sample for C-14 dating. 

2. Information in this table is from Tables 2.7 and 2.9. 
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containing greywacke ovenstones are considered, then the correlations 
between age and mass per ovenstone, and age and total ovenstone mass 
change to -0.47 and -0.64, respectively. 

A good correlation would be expected between age and oven shape 
since only rectangular ovens had radiocarbon dates of less than 250 
years BP. Some correlation would also be expected between charcoal 
species and oven shape because the rectangular ovens contained wood 
species not found in other ovens. Raised rims and oven shape are 
correlated since all rectangular ovens have raised rims. 

Even though the correlation between radiocarbon ages and total 
ovenstone masses is low, there is a suggestion that ovens increased in 
size over time (Figure 2.32). I noticed during site surveying that 
some ovens were larger and more impressive than others and during 
excavation it was noted that they contained larger ovenstones. They 
also gave the youngest C-14 ages. I think the correlations between 
radiocarbon ages and other characteristics might be higher if the 
dates did not have the problems of variation due to charcoal species 
and discrepancies between age of death of a tree and the cultural 
event to be dated. Nevertheless, it does appear that circular ovens 
and ovenstone sizes increased over time until there was a drastic 
change from circular to rectangular ovens about 250 years BP. 
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FIGURE 2.32 Total ovenstone masses versus C-14 age (T 1/2 = 5568 
years). Results from Tables 2.5 to 2.9 are used in the graph. Ovens 
dated to less than 250 years BP are located at 200 years BP. 
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RESIDUE ANALYSIS ON EARTH OVENS 

INTRODUCTION 

Recently, several studies have been done on early human diets as 
revealed in bones (Anon. 1982), on pottery residues (Rottlander and 
Schlichtherle 1978, Evans and Hill 1982, Hill et al. 1985) and midden 
remains (Morgan et al. 1984). Studies show that food residues, espec
ially the fat and protein components, can remain relatively unchanged 
over long periods of time making identification possible. Unfortu
nately, although analyses are carefully done, nothing more than visual 
comparisons are made on the results, e.g. Morgan et al. (1984), Hill 
et al. (1985). 

I first tried simple approaches to residue analysis by separating 
amino acids using paper chromatography (Smith and Seakins 1976). Amino 
acid standards and extracts from £.:.. australis and Maori ovens were 
run. Some amino acids were resolved, but the results were far from 
satisfactory. Of course, even if amino acids are resolved, there is 
very little indication of their source because most proteins contain 
all the common amino acids. In addition, with paper chromatography 
there is poor or no quantitative measurement of each amino acid. This 
fact makes analyses such as that described for stone tool use by 
Broderick (1979) of dubious worth. 

I also tried other qualitative tests including: Biuret, Xanthro
proteic, Millons, Hopkins-Cole, Molish, Iodine, Fehlings, Barfoed, and 
Seliwanoff (Pearson 1976, Horiwitz 1980). The results were either 
negative or inconclusive. In retrospect, I think tests of this nature 
on archaeological materials which have been buried are generally 
doomed to failure in spite of their appearance in the literature (for 
example, see Briuer 1976, Frederickson 1985). 

Clearly, more rigorous methods of analysis are required. That is 
one of the reasons I picked HPLC for amino acid analyses. HPLC gives 
quantitative results on a number of amino acids at one time and the 
techniques are well developed. 

In this research, I present not only analyses of amino acids from 
Maori ovens, but also methods of treating them statistically to give a 
"most probable" inference. Although the results are tentative, they 
give a basis for future investigations. 

Lipid analyses were done on the same samples plus additional 
standards (Lewis and Munroe, pers. comm.) and will be combined with my 
results and published. 

MATERIALS AND METHODS 

Amino Acid Analysis 

Sample collection: £.:.. australis was obtained as described in Chapter 
4. Kiwi, the nearest representation of moa available, and green
lipped mussel were provided by B. Kooyman and G. Mason, respectively. 
Soil samples for residue analysis were collected during excavations. 
Background samples from 10 cm depth were taken during excavations and 
site surveys. I obtained remains of cabbage tree and mussel from the 
Landsborough Road excavation. 
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Sample preparation: Samples were dried as follows: kiwi and green
lipped mussel were freeze dried, cabbage tree and mussel remains, and 
soil samples were ~ried at 35°c for two days. A£...:.. australis plant 
from December was dried and prepared as described in chapter 4. I 
ground the kiwi and mussel samples in a Wiley mill and the cabbage 
tree and mussel remains with a mortar and pestle. Soil samples were 
prepared according, to Allen et al. (1974:269). Five mg of each 
standard was weighed into glass hydrolysis tubes. HCl (200 µl of 6M) 
was added and the tubes were sealed under vacuum (< 0.5mm Hg). The 
tubes were then incubated at 110°c for 24 hours, opened and the acid 
evaporated to dryness with high vacuum. The samples were redissolved 
in 300 ul of analyser buffer A and centrifuged for three minutes. The 
supernatant was transferred to a clean tube and centrifuged again to 
ensure the removal of particulate material. 

Instrumentation: Amino acid analyses were done using a Waters 
Millipore HPLC amino acid analyser. The analyser employed a sulphon
ated polystyrene column with post column fluorescence detection using 
orthophthaldialdehyde. The nonhalide buffer systems were A= pH 3.00 
and B = pH 9.60. The analysis system is similar to that of Spackman 
et al. (1958), Moore et al. (1958) and Spackman (1967), but modified 
using a pH gradient with a constant temperature and ionic strength. 

Analysis: Each sample of 2-20 
was calibrated to a one nmole 
were done automatically giving 
nmoles of each amino acid. 

\ 

\ 
Method of Comparison 

µl was injected on the instrument which 
standard of amino acids. Calculations 

the retention times and the results in 

Amino acid profiles from oven residues were compared to standards 
and background soil samples using stepwise regression available on 
Minitab, a statistical computing system. I chose stepwise regression 
because if offers a simple means of determining best fits. It is a 
better choice of methods where others, e.g. cluster analysis, would 
not be appropriate because of the small number of variables and data 
sets available for analysis (Niven pers. comm.). The stepwise 
regression program using no constant (intercept) term picked the best 
match from the regression of residual amino-acid profiles on any 
number of predictors desired, i.e. standards and soil background 
profiles (one at a time). 

Oven residues are not simply an overlay on the existing environ
ment and as a consequence the background soil can not simply be 
subtracted from the oven profiles. Thus the background values provide 
another variable to be tested as a source and may account for local 
decomposition residues. 

Minitab gives additional steps for best matching by combining 
profiles until no better matching can be achieved (Figure 2.33). 
Alternative best regressions are available. S, the estimated standard 
deviation (square root of mean square error residual), was given for 
each regression. R-squared (coefficient of variation) and F values 
were also calculated from Minitab output. These values were used to 
indicate the best regression and thus the most probable dietary source 
cooked in each oven. 
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MTB > STEPWISE REGRESSION OF C25 ON THE PREDICATORS Cl-C20; 
MTB > BEST 3 ALTERNATIVE PREDICATORS. 

STEPWISE REGRESSION OF C25 ON 20 PREDICTORS, WITH N = 7 
N(CASES WITH MISSING OBS.) = 8 N(ALL CASES) = 15 

STEP 1 2 3 4 

NO CONSTANT 
C8 0.829 0.564 0.487 0.399 
T-RATIO 16.71 7.51 7.08 6.23 

Cl9 0.419 0.483 0.984 
T-RATIO 3.78 5.31 4.12 

C7 0.0041 0.0057 
T-RATIO 2.09 3.59 

Cl5 -0.40 
T-RATIO -2.18 

s 0 .112 0.0623 0.0482 0.0346 

BEST ALT. 
VARIABLE cs Cl8 Cl6 Cl 
T-RATIO 15.29 3.24 -1.35 1. 67 

VARIABLE C4 C15 Cl7 C2 
T-RATIO 12.61 2.96 -1.29 1. 63 

VARIABLE C2 Cl7 C12 C20 
T-RATIO 9.73 2.91 -1.15 -0.91 

FIGURE 2.33 Output from a stepwise regression analysis of the amino
acid profile from oven W07 (Column 25) on 20 predictors regressed one 
at a time; results in Table 2.11 were used in regression analysis. 
Best match is oven C.T. (C8). Results from stepwise regression are 
given in Table 2.12. 

RESULTS AND DISCUSSION 

The amino acid results for standards and soil samples are given 
in Table 2.11. I have included amino-acid analyses of barracouta, red 
cod, shrimp & prawns, and wheat flour. Even though some of the stan
dards are not possible candidates for cooking in large ovens, I 
included them as additional tests to help assess the "validity" of the 
stepwise regression analysis. The oven mussel standard was found in a 
shallow oven, L0-4, and oven cabbage tree came from the raised rim 
oven at Landsborough Road. These samples had associated radiocarbon 
dates of 752 ± 34 and 896 ± 34 years BP. 

There is quite a difference 
lipped mussel, especially in the 
the oven cabbage tree protein 

between the oven mussel and green
amounts of glycine and tyrosine, but 
has survived relatively unaltered. 
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TABLE 2 .11 

Amino acid analyses of various standards, natural background 
samples, and soil samples from Maori earth ovens; values 

expressed as mole ratios with alanine = 1 

Standards 
Amino C.T. C.T. C.T. Kiwi Ki.-i G.L. Oven Oven Barra- Red 
Acid Root Stem Top Femur Tibia Mussel Mussel C.T. couta Cod 

Asp l. 01 0.87 1.11 0.85 0.77 1.34 1.57 0.70 1. 06 1.20 

Thr 0.46 0.41 0.52 0.49 0.46 0.65 0.45 * 0.56 0.58 

Ser 0.81 0. 71 0.83 0.54 0.51 0.78 1. 09 0.16 0.65 0.58 

Glu 1.34 1.21 1. 45 1.19 1.14 1. 67 0.82 1.12 1.38 1. 69 

Pro * * * 0.57 0.60 * 2.10 * 0.47 0.46 

Gly 0.99 0.87 1.14 1.19 1.30 1.38 33.10 1.24 1. 06 0.89 

Ala 1. 00 1. 00 l. 00 1. 00 1.00 1. 00 1. 00 1. 00 1. 00 1. 00 

Val 0.51 0.47 0.60 0.53 0.52 0.62 2.02 0.51 0. 62 0.52 

Ile 0.30 0.30 0.41 0.44 0.43 0.54 1.10 0.59 0.51 0.40 

Leu 0.60 0.60 0.80 0.82 0.78 0. 92 0.77 0.43 0.85 1.33 

Tyr * * * 0.26 0 .26 0.33 11.30 0.22 0.28 0.29 

Phe 0.24 0.22 0.28 0.35 0.34 0.37 0.97 * 0.34 0.34 

His * * * 0.42 0. 41 * 2.08 * 0.39 \ 0.221 

Lys 0.46 0.43 0.39 0.97 0.82 0.91 0. 77 * 0.94 0.95 

Arg 0.40 0. 45 * 0.60 0.73 3.08 2.10 * 0.50 0.51 

Background Soil Samples 
Amino Shri.'llp Wheat -. 
Acid Prawns Flour W06 LH-10 LH-20 33423 DLO cso LO/G9 HV 

Asp 1.26 0.96 0.20 0.23 0.19 0.22 0.22 0 .24 0.32 0.14 

Thr 0.61 o. 71 0.15 0.12 0.09 0.09 0.15 0.13 0.16 0.13 

Ser * 1. 45 0.10 0.10 0.08 0.08 0 .11 0.12 0.13 0.15 

Glu 1. 90 6.97 0.86 0.81 0.41 0.51 a.so 0.48 0.53 0.57 

Pro * 3.06 0.22 0.24 * 0.19 * 0.21 0.29 * 

Gly 1.53 1. 43 0.54 0.55 0.64 0.42 0.46 0.49 0.62 0.57 

Ala 1. 00 1. 00 1. 00 1.00 1. 00 1. 00 1. 00 1. 00 1. 00 1.00 

Val 0.76 l. 09 0.48 0.38 0.48 0.41 0. 42 0 .39 0. 49 0.45 

!le 0. 71 1. 03 0 .24 0.21 0.30 0.23 0.22 0.22 0.24 0.25 

Leu 1.24 1. 73 0.44 0.44 0.68 0.46 0.50 0.46 0.52 0.53 

Tyr 0.39 0.56 * * * * * * * * 
Phe 0.51 0.98 * * * * * * * * 

His 0. 42 0.38 * * * * * * * * 
Lys 0.90 0.46 * * * * * 0.06 * * 

Arg 0.92 0.75 * * * * * * * * 
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TABLE 2 .11 (continued) 

Amino ------------------------Oven Samples-

Acid MP2/5 DL0/4 LO/Gl4 HVA/7 W07/19 LH/G2 LO/Jl2 CS0/3 FP0/4 

Asp 0. 67 0.27 0.43 0.70 0.55 • 0.38 0.92 1. 62 

Thr 0.05 • • 0.08 0.07 • • 0.61 0.55 

Ser 0.14 0.10 0.06 0.13 0.16 * • 0.60 o. 71 

Glu 0. 71 0.32 0.55 0.68 0.81 2.14 0.46 0.58 1. 07 

Pro 1. 58 7.01 1.20 2.36 • 20.10 2.24 • * 

Gly 1. 01 1. 67 0.78 1.18 1. 04 3. 66 1. 63 1. 82 1.35 

Ala 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00 1.00 1. 00 

Val 0.52 0.66 0.48 0.56 0.46 0.88 0.56 0.40 0.45 

Ile 0.58 1. 41 0.41 0.57 0.34 1. 52 1. 00 0.16 0.24 

Leu 0.50 0.65 0.42 0.52 0.44 0.89 0.62 0.26 0.42 

Tyr * * * • * * • • • 

Phe * * • * * • * • * 

His * • * • * * • * * 

Lys * * * * ·• * * * * 

Arg * * * * * * * * • 
-

Notes: 

1. C.T. = cabbage tree (Q., australis), G.L. = gre<an lipped, *=missing value. Amino 
acids corresponding to abbreviations are given in Figure 4.2. 

2. Amino-acid composition of barracouta and red cod from Pickston et al. (1982); 
values for shrimp/prawns and wheat ·flour from Altman and Dittmer (1968:53-5~). 

Lipid analysis also revealed the fatty acid profiles of oven and 
recent cabbage trees to be nearly identical (Lewis pers. comm.). Note 
that the oven cabbage tree was charcoal! 

How can lipids and proteins survive so long in earth ovens when 
research on soils indicates a fast turnover of nutrients? (See, for 
example, Alexander 1961, Braids and Miller 1975, Parsons and Tinsley 
1975, Jenkinson 1981.) 

The charcoal environment may be one reason proteins and lipids 
survive in earth ovens. In a study of organic residues on 
3000-year-old potsherds, decomposition was less than expected: 

In the case of charred residues it appears that the very 
act of carbonisation produces vesicles within which some 
of the original material, often only slightly degraded 
by heat, becomes trapped within a tough, inert wall of 
carbon. It is consequently protected from further 
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degradation and can remain unchanged until the char is 
crushed for analysis (Hill et al. 1985). 

91 

In some respects earth ovens dug into clay (as most were in my 
research) resemble a giant clay pot. But other factors are also 
conducive to organic preservation. These include: (1) a sterile 
anerobic environment at the time the oven was abandoned; decomposition 
is slowed by lack of oxygen, (2) constantly low temperatures, (3) an 
acidic pH; decomposition occurs more readily in neutral soils [pH's 
varied from 4.8 to 6.3 with an average of 5.5], (4) burial at a depth 
where reduced microbial decomposition takes place, (5) protection by 
clay - mainly adsorption, and (6) low protein availability; protein 
rich residues are metabolised most readily (Alexander 1961:140-161, 
Greenland and Oades 1975:220-224, Parsons and Tinsley 1975:264-271, 
Burchall et al. 1981, Jenkinson 1981:528-552). 

Many of the amino acid profiles contain missing values. When 
examining the HPLC chromatograms (for an example see Figure 4.8), I 
assigned missing values to any peaks which were in doubt rather than 
perpetuate possible errors. The values are not zero and to include 
them as such would cause a very different treatment of a profile in 
regression analysis. Minitab ignores, i.e. does not use, missing 
values in calculations. 

In the standards, missing values were due to a peak either having 
a low value (injection volume too small) or being wrongly assigned by 
the computer. The soil samples contain missing values because there 
were interfering peaks mainly from amino sugars (Parsons and Tinsley 
1975:87-289). Amino sugars and salts can be removed from amino acid 
mixtures (Allen et al. 1974:271-272), but I did not do this because, 
(1) I was not aware of the problem until the HPLC analyses were done, 
and (2) the additional work involved in removing the amino sugars and 
rerunning the analyses was not warranted in this preliminary investi
gation. I recommend, however, that future research should include the 
removal of interfering substances. This would increase the amount of 
information available for statistical analysis. 

The original HPLC data were presented as nmoles of each amino 
acid. The values were dependent on the concentration of amino acids. 
This variable which would have no significance in statistical analysis 
was eliminated by presenting the results in a mole ratio form with 
alanine= 1. Also, I presented the results in this form because they 
are not affected by missing values as would be the case if given, for 
example, as mole percent or g/100 g protein. 

The results of stepwise regression are given in Table 2.12. All 
residues from large ovens expected to be umu ti give cabbage tree as 
the best match. The shallow oven, L0-4, presumably used for cooking 
mussels has the background soil from the same site as the best match. 
This result seems likely since L0-4 was just below the surface where 
maximum microbial decomposition occurs (see Landsborough Road excava
tion and Figure 2.25). I also noted above that the mussel remains in 
this oven were considerably altered compared to green-lipped mussel. 

Everything looks as it should be. However, a look at the S, 
R-squared, and B values in Table 2.12 indicates that the results 
should be approached with caution. S provides a closeness of fit 
similar to the usual R (correlation coefficient) R-squared is the 
correlation between the observed y-values and the predicated y-values 
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TABLE 2.12 

Results of stepwise regression on amino acid profiles of soils con
taining residues from indicated ovens; profiles are in Table 2.11 

Oven Best Match Best Alternative Match B Steps 

Match s R-sq Match s R-sq 

MP2 Oven C.T. 0.142 96.9 Kiwi tibia 0.167 95.6 72 .3 3 

DLO Oven c.T. 0.541 74.2 LH-20 0 .562 72 .2 92.7 4 

L0-4 LO/G9 0.108 97.4 cso 0.148 95.1 53.3 3 

HVA Oven c.T. 0.161 96.3 Kiwi tibia 0.178 95.5 81. 8 3 

W07 Oven c.T. 0 .112 97.9 Kiwi tibia 0.122 97.5 84.3 3 

LH0-2 Oven c.T. 0.705 89.1 Kiwi tibia 0.781 86.6 81.5 4 

LO/Jl2 Oven C.T. 0.386 84.4 Kiwi tibia 0 .414 - 82. 0 86.9 4 

cso Oven c.T. 0.387 84.3 Kiwi tibia 0.394 83.8 96.5 2 

FPO C.T. root 0.310 91. 8 G.L. mussel 0.314 91. 6 97.5 3 

Notes: 

1. L0-4 = LO/Gl4, LH0-2 = LH/G2, LO/Jl2 = LO raised-rim oven, R-sq\= coef-
ficient of determination x 100. \ 

I 

2. Steps indicates the number of stepwise regressions required to reach S 
0.04 or termination of regression. 

3. B = (Best S-squared / Alt. S-squared} X 100. 

4. Oven C.T. = oven charcoal identified as c. australis. 

or, in this instance, the amount of variation in y that can be 
explained by means of the straight-line predication equation, y = bx. 
R-squared values give a better estimation of the fit between observed 
and predicated values than S values when the number of variables are 
different from one regression to another (Niven pers. comm.). S equals 
zero and R-squared equals 100 for a perfect fit. 

F values calculated in conjunction with stepwise regressions 
indicate that all matches are significant at P < 0.01. But this 
applies to alternative choices down to the best three! 

R-squared values are all high and decrease only slightly from a 
best match to the best alternative match. 

What value of Sis needed for a match to be acceptable? Best 
matches may not be good matches! Unfortunately, that question cannot 
be answered here because more standards, especially aged ones, would 
be required to form a model for analysis. Best matches for DLO and 
LH0-2 may be the result of not having the right standards. Of course, 
a proper cabbage tree standard may still be picked over all other 
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standards. Some decomposition of amino acids or any other substances 
can always be expected, which makes research of this nature extremely 
difficult to interpret (see, for example, Morgan et al. 1973). 

B values give an indication of the discrimination between a best 
match and an alternative match. High B values indicate a poor 
discrimination (100% indicates no difference). Note that S-squared = 
mean square error residual. Again it is not possible in my study to 
assign any quantitative values to an acceptable B value. Nevertheless, 
B values for ovens DLO, CSO, and FPO indicate a poor discrimination 
between best and alternative matches. These ovens plus MP2 had what 
could be described as a greasy charcoal layer. With the exception of 
MP2, they have high Band S values. This could indicate more exten
sive alteration of residues. I do not think they were really greasy 
in the sense of containing grease, but instead contained large amounts 
of finely divided charcoal. 

Some subjective comments are also appropriate. Two ovens, LH0-2 
and LO/J12, are from major excavations. 
not cooked in these ovens because no moa 
hunter sites previously excavated. If 
these ovens, then other ovens with lower 
best matches. However, I do not think 
with the results available. 

Excavations indicate moa were 
remains were found as in moa 
B values are acceptable for 
values would have acceptable 
this assumption can be made 

The number of regression steps required to reach a certain value 
and the difference in S values between steps may give an indication of 
the closeness of matching (Figure 2.33). Note that another value 
similar to B can be calculated for this. Minitab combines profiles 
one at a time by addition or subtraction until no better match can be 
achieved (lowest S value). A large difference in an S value from one 
step to another can indicate that the single best source may actually 
be a poor choice over a mixture. This feature of stepwise regression 
could be valuable in monitoring changes in carefully controlled ageing 
experiments. For example, Lewis and Munroe (pers. comm.) made up 
combinations of from two to four fatty acid mixtures (minimum of four 
fatty acids in any one mixture before combining them). Minitab 
"reconstructed" these combinations to within an average of 4.3% of the 
actual combinations. 

It took a minimum of two regression steps to terminate and a 
maximum of four steps to reach S = 0.04 as shown in Table 2.12. Best 
matches were better represented as mixtures, but this is not unexpect
ed because as more standards are available for fitting the probability 
of a random mixture occurring is increased. Unless conditions are 
controlled (this may be impossible with natural samples), only the 
single source best match can be used which is what I have presented. 

In my best match model, a perfect match would give a slope, b, 
equal to one when y (oven sample) is plotted (or regressed) against x 
(standard). At-test can be applied to this model where the test of 
the null hypothesis that b = 1 is made: 

t 
lb - 11 

j s2 I L(X y.x 
-,2 

- X 

This Student's t-distribution has n 2 degrees of freedom. If the 
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calculated value is larger than t (from tables), then the slope of the 
line is significantly different than one. 

As expected, all matches 
are significant to 1%. The 
Chp. 2: 5): 

including those on alternative choices 
problem here is expressed by Ross (1980 

Models with the same number of parameters, or models 
which are not related cannot be compared directly. 
While it may be of interest that one model fits the 
data better than others, no conclusions can be reached 
unless one model passes the goodness-of-fit test while 
the other fails. 

I have presented my results 
analysis. It would be valuable 
these problems could be solved. 

CONCLUSIONS 

and problems connected with residue 
research if, in the future, some of 

Best matches of amino-acid profiles indicate that large ovens 
were used for cooking cabbage trees (£.:.. australis) and, therefore, are 
~ ti. However, the results when assessed withs, R-squared, and B 
values plus at-test indicate that a degree of caution should be used 
in these interpretations. 

Minitab provided a rapid and inexpensive method of standardizing 
pattern matching with measures of goodness-of-fit. 

Residue analysis is an 
research remains to be done. 
studies would be valuable in this 

area where a large amount of basic 
More standard profiles from ageing 

research, but the amount of labour 
involved is formidable. For example, in my research HPLC machine time 
alone was 97.5 hours running 65 chromatograms (including standards and
reruns) and over 1200 peaks had to be individually assessed. In 
addition, samples had to be prepared and the results analysed. Still 
there are no shortcuts when dealing with complicated mixtures which 
have undergone changes over time. 

Presently, HPLC and GLC analyses on amino acids and lipids are 
the most promising methods of dealing with residue analysis in archae
ological sites. Characteristic patterns combined with the techniques 
presented above could go a long way in resolving dietary information 
from residues in pottery, ovens, habitation sites, and on stone tools. 

SEASONALITY OF OVEN USE 

INTRODUCTION 

There are various methods to determine the season of occupation 
of a site (Evans 1978:62-63). Of these, only the identification of 
insect and plant (seed) remains would be applicable to oven sites. My 
experience with an experimental~ ti showed that an oven fills in 
quickly after use and this would presumably cover insects and seeds 
associated with the use of the oven (Fankhauser 1982). Excavation, 
recovery, and identification of these remains offer a method of 
determining the seasonality of oven use. 
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Much work has recently been done along these lines and has been 
summarized by Evans (1978) and Shackly (1981). Environmental informa
tion can also be obtained from insect and plant remains, but that was 
beyond my preliminary investigation presented here. I selected 22 
samples on which to recover remains by using froth flotation. The 
long time period involved from the time of flotation to identification 
and interpretation (three years) prevented an in-depth study of 
seasonality. 

There are many problems connected with studies of this kind: the 
major ones being sample contamination and the identification of 
remains. 

I first present the methods used for the recovery of insects and 
seeds, and then discuss the results of the identifications. 

MATERIALS AND METHODS 

One to two litres of 
were dried for two days at 

soil obtained from excavated bulk samples 
35°c. I used froth flotation to recover 

plant and insect remains. Each dry sediment sample was poured slowly 
into a Cambridge froth flotation cell following the procedure given by 
Jarmen et al. (1972). 

I experimented with known numbers of alfalfa, sesame, and poppy. 
seeds (original and carbonized) added to soil to determine recovery 
efficiencies while varying the air flow, and concentration of floccu
lating agent (polypropylene glycol) and collector (paraffin/kerosene)

5 
Sep~ration conditions were standardized at an air pressure of 3 x 10 
N/m and the use of 5 ml each of glycol and kerosene. 

Cheesecloth was used as a sieve and was attached directly to the 
weir using clothespegs so the flat had to pass through the cloth 
before entering the moat and drain where additional sieves of_0.300 mm 
and 0.180 mm mesh were located. The additional sieves were provided 
in case the cheesecloth failed to function properly, but this never 
occurred and the sieves were redundant. 

Collected samples were dried at 35°c. Remains of interest were 
picked from the charcoal and soil under a 20 power stereo microscope. 
Insect and plant remains were identified. 

RESULTS AND DISCUSSION 

I found froth flotation to be effective in separating seeds and 
insects from soil. In experiments where known numbers (30-100) of 
alfalfa, sesame, and poppy seeds were added to soil, no less than 90% 
of the original and carbonized sesame and alfalfa seeds were 
recovered. More than 75% of the poppy seeds were recovered using the 
flotation conditions employed for the excavated samples. The froth 
flotation method, though time consuming, is easy to use. Picking 
through the sieved material, however, was a long and tedious process. 

Twenty-two excavated samples were processed. A sample from the 
topsoil layer for the Limestone Hills excavation was included to serve 
as a control. Insect remains were recovered from six samples; seeds 
were recovered from 13 samples. The amount of mollusc remains was 
disappointing as there was only one lot of landsnails and they were 
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not identifiable (Mason pers. comm.). 
further, although they can provide 
(see, for example, Evans 1972, 1978). 

I will not discuss landsnails 
climatic and environmental data 

Results of the insect identifications are given in Table 2.13 and 
the seed identifications are in Table 2.14. The commonest class of 
Anthropoda preserved are the beetles (Coleoptera) as has been found by 
other investigators (Shackly 1981:138). 

None of the insect remains in the topsoil of the Limestone Hills 
site are seasonal indicators (Table 2.13). The insect remains at the 
other sites, which are from throw-out and charcoal layers from ovens, 
occur predominately in summer. This is in agreement with time of use 
of these particular ovens as discussed throughout my thesis. 

TABLE 2 .13 

Insect remains from excavated oven sites in South Canterbury 

Site/Sample 

LIMESTONE HILLS 

Square: 

E6, topsoil 

LANDSBOROUGH ROAD 

Square: 

Jl6, throw-out 

N9, throw-out 

RAISED-RIM OVENS 

AS0/7, c.l. 

HVA/14 c.l. 

SD0/5, c.l. 

Notes: 

Insect Remains 

millipede eggs 
fly larva 

Season 

all 
all 

beetle larva, femur, F. Carabidae all 
beetle (Geranus lineicollis), 
F. Elateridae all 

beetle larva, jaws, F. Scarabaeidae, 
Sf. Melolonthinae 

beetle larva, head, F. Scarabaeidae 
Sf. Melolonthinae 

m.l. summer 

m.l. summer 

adult weevil abdomen, F. Curculionidae m.l. summer 

beetle larva, mandibles, F. Carabidae 
hymenopterous cocoon, emerged 

mite, F. Parasigidae 
millipede 
beetle elytron, F. Colydiidae 
beetle larva, head capsule and femur 

all 
late spring, summer 

m.l. summer 
all 
not winter 
all 

1. Insect remains identified by A. Harris, Otago Museum. 

2. F. = Family, Sf.= Subfamily, m.l. = most likely, c.l. = charcoal layer. 

3. See Tables 2.7 and 2.9 for C-14 dates of sites. See Figures 2.10 and 2.22 
for location of squares. 
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TABLE 2.14 

Identified seeds from oven sites in South Canterbury 

Site/Sample Seeds 

LIMESTONE HILLS 

Square: 

E6, topsoil Scirpus ~ (small), grass, unidentified weed 

D5, throw-out 

E6, throw-out 

K5, throw-off 

F6, throw-off 

LANDSBOROUGH ROAD 

\ 
Square: 

L9, throw-out 

N9, throw-out 

J16, throw-out 

K13, raised-rim oven 

GH/13,14 oven L0-4 

RAISED-RIM OVENS: 

grass 

Cordyline australis, unidentified sedge 

Scirpus ~ (small) 

Rumex ~ 

grass 

Oxalis ~, grass 

grass probably Holcus ~ 

grass (2), (one may be Aira caryophyllea) 

Sambucus nigra 

AS0/7, charcoal layer Holcus lanatus 

HVA/14, charcoal layer Poa annua, Bromas ~ 

SD0/5, charcoal layer Anthoxanthum odoratum, Holcus lanatus, Carduus 
probably .Q..:. nutans, Hypochoeris radicata 

Notes: 

1. Seeds identified by M. Bulfin, DSIR, Botany Division, Lincoln. 

2. See Tables 2.7 and 2.9 for C-14 dates of sites. See Figures 2.10 
and 2.22 for location of squares. 
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On the other hand, 
2.14 cast doubt on the 

the seed 
integrtity 

identifications presented in Table 
of the samples collected. Aside 

from Cordyline australis and some Scirpus .§.Q.:_, grass, weed, sedge, and 
Rumex .§.P..:.. seeds, the seeds are all from exotic, i.e. non-native, 
species introduced to New Zealand after the sites were used. There is 
no doubt that the samples were contaminated! 

I think most of the contamination occurred at the time of excava
tion from windborne seeds (excavations were done in midsummer), 
although some of it could be due to insect disturbance, e.g. ants and 
spiders. I have not included seasonality information with seeds in 
Table 2.14 because of the contamination of samples with exotic seeds. 

It is less likely that the insects remains are the result of 
sample contamination, although this cannot be ruled out. Insects are 
scavanged by other insects and birds and, therefore, are unlikely to 
be available to contaminate the samples (Harris pers. comm.). I 
accept, with reservations, the results in Table 2.13, especially those 
on the raised-rim ovens. The seasonal insect evidence indicates that 
these sites were used from late spring to autumn. This use is 
consistent with the times of ti cooking as presented in Chapter 1. 

Contamination is always a problem in investigations of this type. 
The only way to avoid windborne contaminants is to either use a coring 
tool or hammer a monolith tin into the exposed section (Shackly 
1981:72-74). Note that other types of contamination would still be 
present. To collect a reasonable minimum sample of 5 kg (Shackly 
1981:139) would not be easy using those methods. Both methods would 
be applicable to excavations such as mine at Limestone Hills and 
Landsborough Road. Ovens, however, could not be sampled using these 
techniques because of the ovenstones. Careful collection directly 
into a plastic bag is the only alternative. Since this was the method 
we used, I will have to stress that samples should be very carefully 
collected. Also, contamination by windborne seeds prevents any on
site flotation from being used as described by Jarman et al. (1972). 

CONCLUSIONS 

Froth flotation is an easy and effective method for recovering 
plant and insect remains from excavated soil. 

The seed remains from the oven sites included those from non
native plant species indicating the samples were contaminated. 
However, the insect remains may be diagnostic of seasonality, and they 
point to a late spring to autumn (predominately summer) use for the 
large raised-rim ovens which were investigated. This time period is 
consistent with recorded times for the use of .l!!ill!. ti. 

Samples must be collected 
tion, although it may be present 
collection. 

carefully to help prevent contamina
in different forms aside from sample 

More research 
archaeology, and I 
cautions to help in 

of this nature should be done in New Zealand 
hope that this work will offer some clues and 
carrying out successful research. 
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FURTHER DISSCUSSION ON RADIOCARBON DATES 

I will now give a broader interpretation to the dates which were 
detailed above. 

I think the settlement of South Canterbury and most of southern 
New Zealand occurred around 700-750 years BP. McCulloch and Trotter 
(1975) come to similar conclusions, but set the date at 800 BP. After 
settlement was established, the population probably was fairly 
constant or even increased up and through the late (Classic) period. 

The C-14 dates which I have if viewed differently than usual 
(i.e. not relating them directly and steadfastly to archaeological 
events) can reveal a pattern consistent with my statements above (see 
Figure 2.34). If settlement occurred around 750 years BP, then wood 
(charcoal) being dated is up to 400 years older than the ovens it was 
used to fire. Hence, there is no reason to suspect that dates over 
750 years BP are dating archaeological events. There is a peak in the 
number of dates at 600 to 700 years BP. This interval coincides 
closely with deforestation by fires generally attributed to Maori 
(Cumberland 1962, Molloy et al. 1963, McGlone 1983). In a summary of 
charcoal remains from forest fires McGlone (1983:14) states, "There 
are no dates of tree remains from lowland eastern South Island younger 
than 590 ± 50 yr BP." This particular sample of totara was from Banks 
Peninsula (Molloy et al. 1963). Molloy (1977) concludes that forests 
in the Waimakariri River valley were destroyed by fire between 500 and 
600 years BP. According to McGlone (1983) forests in the Rakaia River 
system were destroyed at the same time. The coincidence of this 
conclusion with the pattern of dates in Figure 2.34 is striking, and 
may well be of significance. 
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FIGURE 2.34 Graph of number of ovens from South Canterbury corres
ponding to indicated time periods. Ages in years BP (T 1/2 = 5568 
years) determined by radiocarbon dating of charcoal. C-14 dates are 
located in Tables 2.7 and 2.9. 
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If settlement did not occur until about 750 BP as I propose, then 
it did not take long for the Maori to initiate the destruction of 
forests. Fires were probably started to clear tracks and areas 
around settlements (McGlone 1983). In the dry areas of the eastern 
South Island small fires could easily have become raging infernos 
destroying large areas of forest. 

Once the forests were burnt there was an abundance of dead timber 
which would supply camp fires (and umu ti) for hundreds of years. Of 
course, using this for firewood leaves charcoal which is of the order 
of 600 years BP and older. This should leave a gap in C-14 dates 
which is exactly what is observed. There will still be some charcoal 
with ages less than 500-600 years BP because there was always dead 
wood around from regenerating forest. Given this interpretation, I 
see a constant exploitation of £.:... australis in South Canterbury from 
initial settlement up to European contact (cf. Anderson 1982:65, 
1983:26-27). 

Note that C-14 ages calculated by using the new half-life of 5730 
years changes the distribution of dates dramatically in the 250-700 
year range. The 250-400 year age shifts to the 400-500 year range, 
and the 500-600 year range of three large ovens changes to the 600-700 
year range to give a new total of 12 ovens dated to 600-700 years (one 
shift to 700-800 years BP). However, the best dates would be those 
which have been corrected for secular equilibrium. On ages greater 
than about 500 BP, corrected ages would be younger than ages 
calculated using the old half life. 

Is there dating evidence other than radiocarbon charcoal dates 
with which to assess the prehistoric settlement of Canterbury and the 
southern South Island? I am excluding charcoal dates because I think 
that experience has shown them to be unreliable for dating archaeolog
ical sites in New Zealand (McCulloch and Trotter 1975, McFadgen 1982, 
Law 1984). Even twigs cannot be expected to give reliable dates 
(Trotter 1968). 

McCulloch and Trotter (1975) have given a list of dates for 
moa-hunter sites in the South Island. Included are radiocarbon dates 
from marine shells and bone. These dates can be looked at as being 
more reliable than charcoal for giving the age of archaeological sites 
(Law 1984). Only one date on Moa bone collagen from Canterbury is 
greater than 700 BP; this is from the Hurunui River mouth with a date 
of 730 ± 80 BP; Another collagen date of 1525 ± 60 from Timpendean is 
probably from "natural" bone. All dates for marine shells (and moa 
bone collagen) from Canterbury and southern New Zealand are less than 
700 BP with the exception of a date of 910 ± 132 (note large error). 

Law (1984) has presented a list of shell dates and compared dates 
on shell with charcoal and moa bone collagen. One marine shell date 
from Canterbury is greater than 700 years BP. The age is 870 ± 28 BP 
which is 30 and 130 years older than charcoal and collagen dates, 
respectively. Clearly, something is wrong here and I find this date 
hard to accept. There is always the possibility of old shells being 
deposited in a site. Charcoal and shell ages on the same site gave a 
mean difference of 83 years with a maximum positive and negative 
difference of 553 years (charcoal older) and 190 years, respectively. 
These large differences cannot be explained by increasing the labora
tory errors which has been recommended (Scott et al. 1983, McFadgen 
1982) and must be due to the use of old wood. 
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Law (1984) concludes from a new calibration curve (Klein et al. 
1980) that charcoal and collagen ages less than 450 BP are useless. 
However, shell dates may be suitable up to 250 years BP or less. 

Finally, the TL dates which I have obtained indicate a mean 
difference of 200 years older for radiocarbon dates on charcoal (see 
Chapter 3). I found the largest differences for totara which could be 
expected. No TL ages were greater than 700 years BP. 

The outcome of the available dates points to a settlement of 
Canterbury around 750 BP with rapid settlement of the rest of southern 
New Zealand. Settlement at about this time would shorten Anderson's 
(1983) early period to less than 100 years. But I see no reason why 
this period cannot be extended by 100 years since moa-hunter sites are 
prevalent around 500 years BP. 

Even though the radiocarbon ages which I obtained are certainly 
too old for many ovens, there are some important conclusions (with 
consideration) which can be made: (1) ti was harvested and cooked in 
earth ovens throughout the entire prehistoric period in South Canter
bury, (2) there is no indication that it was of lesser importance at 
any time in this period, (3) any wood available was used although 
podocarps when available were predominately used, (4) ovenstones and 
circular ovens increased in size through time, and (5) the style of 
ovens changed dramatically about 250 years BP from round to 
rectangular. 

CONCLUSIONS 

Many large ovens thought to be .!!ill!!. ti exist in South Canterbury. 
I recorded 47 ovens found during site surveying. This brings to 82 
the number of oven sites recorded in my research area from the Waitaki 
River to Albury. Nearly all ovens were found near streams with 50% of 
these directly on stream banks. In some instances, ovens were saved 
from destruction by being located in stream bends where land has not 
been ploughed. 

Seventy-six percent of the ovens have raised rims and vary in 
diameter from 2.1 to 6.8 m to the highest part of the rims. They are 
often found in groups of two to four and many have been used more than 
once. Empty pits are commonly located next to ovens, and I inter
preted these as borrow pits used to provide soil for covering ovens 
when they were reused. On one property I recorded 27 ovens. There 
seems to have been a preference for certain areas, especially along 
the Hunter Hills and hills along the Waitaki River. Very few are 
located near any known prehistoric settlements. 

Ovens were found in areas where stone had to be carried in, and 
presumably other materials would have been carried to make up the 
essential ingredients, i.e. stones, wood, and cabbage trees. 

Excavated ovens showed identical means of use: firewood was put 
in pits first and fired, followed by stones while the wood was 
burning. Estimated total stone masses varied from 410 to 3255 Kg. 
Stones appear to have been selected according to size, and this size 
plus total mass increased through time from the oldest to the 
youngest. 
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All ovens excavated were circular except for three rectangular 
ovens may be a style ones dated to< 250 years BP. Rectangular 

peculiar to the Ngaitimamoe and Ngaitahu. 

Shallow ovens were found associated with large raised-rim ovens, 
and I interpretated these as serving a ceremonial purpose. 

No evidence of camping or settlement 
major excavations at Limestone Hills and 
prehistoric artefacts or faunal remains 
were not used to cook moa. 

was found near ovens in the 
Landsborough Road. Also, no 

were found implying the ovens 

Radiocarbon dates show ovens were used throughout the prehistoric 
period. The majority had a date around 600 BP, and I think this is a 
consequence of using dead timber for centuries following forest fires 
of this period. It appears that certain types of wood were not pre
ferred, although podocarps were chosen when available. Most groups of 
ovens have a short time span of use according to radiocarbon dates, 
but this is only speculative given the vagaries of C-14 dating on 
charcoals. 

I have argued that the settlement of South Canterbury and 
southern New Zealand occurred at roughly 750 years BP. 

I analysed amino acid residues from large raised-rim ovens using 
HPLC. The amino acid profiles were compared to standards and control 
samples. They most closely resembled cabbage tree remains, but the 
difficulties encountered in residue analysis make these results only 
tentative. 

Insect and seed remains were recovered from some excavated 
samples. Many of the seeds were found to be from non-native plant 
species indicating the samples were contaminated. However, I have 
accepted with reservations the results on seasonality determined from 
insect identifications. Results point to a late spring to autumn use 
for the ovens investigated. 
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CHAPTER 3 

THERMOLUMINESCENCE DATING OF EARTH OVENS 

INTRODUCTION 

Dating of archaeological sites is crucial to an archaeologist's 
interpretation of the prehistoric events connected with an excavation. 
For more than thirty years, radiocarbon or C-14 dating has provided 
archaeologists with a means of answering the important question 
"When?". There are problems connected with any dating method and 
certainly C-14 has its share (Ralph and Michael 1967, Olsson 1970). 

The human occupation of New Zealand has been brief, perhaps a 
thousand years. This short time span has caused problems in radio
carbon dating because of uncertainties inherent in the method, partic
ularly through the use of charcoal from long-lived tree species 
(Trotter 1968, McCulluch and Trotter 1975, McFadgen 1982). In many 
cases radiocarbon dates have been necessarily based on charcoal from 
long-lived tree species (This investigation is no exception!), but 
this problem has sometimes been overcome by careful selection of 
charcoal, such as that from twigs and outer rings of trees. 

An alternate dating method is desirable because of these prob
lems. Any dating method which would complement C-14 dating would have 
to have\a wide application and deal with a time span of less than 1000 
years. Thermoluminescence (TL) dating seemed to be the best choice 
for this particular research because it can be used on minerals, 
especially quartz, which have been heated to more than 500°c. That 
would include greywacke ovenstones which are found in abundance in the 
ovens studied in this research. A large percentage of excavated sites 
in New Zealand have contained ovenstones so TL dating can be widely 
applied. 

I have split this chapter into two main parts each with its own 
introduction, materials and methods, and results and discussion 
sections. The first half of this chapter covers the determination of 
dose rates in greywacke ovenstones. In the second half, I present my 
research into a TL dating method for ovenstones; this includes the 
development of TL equipment at the University of Otago. 

DETERMINATION OF RADIATION DOSE RATES 

INTRODUCTION 

TL dating requires a method for determining the dose rate to 
thermolurninescent minerals. I determined this by analysing the radio
active element contents of the matrix surrounding the minerals using 
gamma-ray spectroscopy. The methods developed for this analysis will 
be described along with some of the particular problems concerned with 
the determination of radiation dose rates in greywacke. The problems 
investigated include the spatial distribution of quartz and radioative 
isotopes, internal dose and grain size of quartz, effect of ground 
water, radon escape, and void space. Thermoluminescence dosimetry 
(TLD) was used to monitor the environmental radiation on selected 
sites. I compared gamma dose rates determined by TLD and gamma spec-
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troscopy. This comparison indicates that gamma spectroscopy may be 
used exclusively for determining dose rates in earth ovens which 
contain greywacke. 

This introduction begins with some background information on the 
location and characteristics of feldspathic greywackes. 

Greywacke in South Canterbury 

Greywacke is a term which has been usually used in New Zealand to 
describe sandstone rocks found in the North and South Islands. How
ever, greywacke has been defined in many ways so that the term has 
been controversial. 

Reed (1957) largely 
that greywacke connotes a 
occurrence, characterized 

upholds Pettijohn's conclusions 
distinct type of sandstone of 

by: 

(1943: 944) 
world-wide 

(1) large detrital quartz and feldspar ("phenocrysts") 
set in a (2) prominant to dominant "clay" matrix ... which 
may on low-grade metamorphism (diagenesis) be converted 
to chlorite and sericite and partially replaced by 
carbonate, (3) a dark colour, (4) generally tough and 
well indurated, (5) extreme angularity of the detrital 
components (microbreccia), (6) the presence in smaller 
or larger quantities of rock fragments, mainly chert, 
quartzite, slate, or phyllite, and (7) certain macro
scopic structures (graded bedding, intraformational 
conglomerates of shale or slate chips, slip bedding, 
etc.), and (8) certain rock association. 

Reed (1957:24) adds that "greywackes belong to a class of sediments 
in which the universal condition of formation and deposition are 
manifested in certain textural features, primarily poor sorting and 
graded bedding." 

The quartzofeldspathic greywacke suite of sandstones in New 
Zealand has been referred to as the Alpine Facies (Wellman 1952, Reed 
1957) and the E.astern Axial Facies (Dickinson 1971) of the Torlesse 
Group, also called the Torlesse Supergroup (Suggate 1978). Following 
the nomenclature of MacKinnon (1983) who has summarized and inter
preted the Torlesse geology on the South Island, this suite will now 
be referred to as the Torlesse Terrane (Figure 3.1). Dickinson 
(1971) describes the Torlesse Terrane as: 

everywhere mainly graywacke with subordinate argillite 
and minor greenstone, chert, and limestone in that 
order. Throughout the exposure, structure is complex, 
fossils are rare, lithology is monotonously similar, and 
stratigraphic sequence is in doubt. 

According to MacKinnon (1983), about 99% of the exposed Torlesse 
is quartzofeldspathic greywacke and grey-to-black mudstone. The 
remaining rocks include intercalated conglomerate, red and green 
mudstone, and spilitic volcanics with associated limestone and chert. 
MacKinnon (1983:974) describes the Torlesse sandstones as: 

Typically gray, fine to 
moderately well sorted with 

medium grained, poorly to 
subangular grains, and very 

,/ 
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FIGURE 3.1 Distribution of the Torlesse Terrane in New Zealand. 
After Suggate (1978:256-257). 
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well indurated. In a general sense, they are aptly 
referred to as graywackes.... The sandstones are pre
dominantly arkosic, with an average quartz-feldspar
lithic fragment ratio (Q:F:L) of 29:47:24. Quartz is 
generally monocrystalline, chert is rare. Potassium 
feldspar is largely orthoclase with subordinate but 
conspicuous microcline. Plagioclase is albite
oligoclase, commonly untwinned and albitized and rarely 
zoned. The ratio of plagioclase to potassium feldspar 
is constant at about 5:1. Rock fragments are predomi
nantly silicic volcanics. Other rock fragments include 
quartzofeldspathic sandstone, mudstone, and schist. 
Heavy minerals are mainly micas, sphene, epidote
clinozoisite, hornblende, apatite, zircon, and garnet. 
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In South Canterbury the sandstones as a whole are of similar 
composition and correspond with the Permian fossil zone. The average 
Q:F:L ratio for 28 samples is 24:50:26 with a volcanic lithic to total 
lithic fragment ratio (Lv/L) of 0.92 (MacKinnon 1983:971,974-975). 

I used quartz as the thermoluminescent mineral in greywacke. 
There are several reasons why this was a good choics as the TL 
mineral: (1) the TL properties of quartz have been well studied, (2) 
it has grain sizes convenient for an inclusion method of TL dating; 
after etching with hydrofluoric acid (HF), alpha radiation is 
negligible, (3) it can be effectively separated from other minerals by 
crushing, seiving, magnetically separating, and HF etching, (4) it has 
a good TL output and spurious luminescence is easily eliminated, (5) 
it has been found to have stable high temperature traps (no fading), 
(6) it is nearly free of internal self-radioactivity; the radioactiv
ity is carried by the remaining rock minerals, and (7) it is abundant 
in quartzofeldspathic greywacke--the moit common rock type in South 
Canterbury. 

The principle of the TL dating 
in Figure 3.2. One of the factors 
is the dose rate. 

of greywacke ovenstones is shown 
measured in calculating a TL age 

Proper assessment of the dose rate to the quartz requires a 
microdosimetry study of the particle size and mineral assemblage of 
greywacke. It is important in any TL dating method that the diameter 
of the TL minerals be known and that this diameter is not changed by 
crushing during sample preparation. The inclusion method, for 
example, relies on a certain size of crystals for consideration of 
alpha particle and beta particle attenuation for dose rate calcula
tions. If large quartz grains are broken down during preparation it 
would not be possible to calculate the beta dose attenuation. I 
studied the grain sizes available in greywacke to pick suitable quartz 
grains for TL dating. 

Point counting was done on stone thin sections from two oven 
sites. The same thin sections were used for grain size estimation of 
quartz. Results indicate there is only a small percentage of grains 
over 350 µm diameter. For dosimetry control, it is desirable to pick 
quartz in a small range close to this diameter. I found the internal 
self-dose in quartz to be negligible, and, the radioactivity in the 
surrounding minerals was homogeneous which gives the quartz an easily 
determined amount of radiation dose. 

,/ 
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FIGURE 3.2 The principle of the thermoluminescence dating of oven
stones. After Winter (1971:120). 

Natural Radioactive Elements and Gamma-ray Spectroscopy 

The ionizing radiation responsible for TL in natural minerals is 
the result of spontaneous decay of U-238, U-235, Th-232 (all with 
daughters), and K-40. These isotopes are found in varying amounts in 
rocks and minerals. Gamma-ray spectroscopy is a sensitive method of 
quantitatively detecting the above radioisotopes which are all, in 
part, gamma emitters. 

Tables 3.1 and 3.2 list in sequence the members of the Th-232 and 
U-238 decay series, their symbols, half-lives, and most prominent 
features of the decays. The comparatively short half-lives of all the 
decay products of Th-232 allow a relatively quick achievement of 
secular equilibrium (45 years maximum) in a closed system. The short 
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TABLE 3.1 

~ Thorium-232 series 

Percent 
t1 Energy (MeV) y 

Element Symbol 2 
CJ. B y Occurrence Remarks 

90 thorium 2 3 2Th l.40xl0 10 y 4.00 --- 0.06 23 

88 radium 2 2 a Ra 6.7y -- 0.054 

89 actinium 2 2 SAC 6.13h -- 1.11 0.90 30 

90 thorium 22aTh 1. 9ly 5.43 --- 0.08 28 

88 radium 22,Ra 3.64d 5.68 --- 0.24 5 

86 radon 2 2 o Rn 55s 6.29 

84 polonium 2l6Po 0.16s 6.78 

82 lead 212Pb 10.6h -- 0.36 0.238 81 

83 bismuth 21 2Bi 60.6m 6.05 2.20 0.04 17 branched 

212Po 
decay: 13 

84 polonium 300ns 8.87 --- -- (66. 3%) to 
21 2 Po a 

81 thalium 2 o "Tl 3.lm -- 1. 79 2.62 100 (33. 7%) to 
2oaTl 

82 lead 20Bpb [Stable] 

After Adams and Gasparini (1970) and Lapp and Andrews (1~72). 

TABLE 3.2 

Uranium-238 series 

Percent 
t1 Energy (MeV) y 

Element Symbol 2 
CJ. 13 y Occurrence Remarks 

92 Uranium 23BU 4.5xl0 9 y 4.2 0.048 23 

90 Thorium 2 3 't'llh 24.ld -- 0.19 0.09 4 

91 Protoactin- 234 Pa 1.17m -- 2.29 1. 0 0.6 

92 Uranium ium 234 U 2.5xl0 5 y 4.8 -- 0.05 28 

90 Thorium 2 3 OTh 8.0xl0 4y 4.8 -- 0.068 24 

88 Radium 2 2 GRa 1602y 4.8 -- 0.186 4 

86 Radon 2 2 2 Rn 3.82d 5.49 -- 0.5 0.07 

84 Polonium 21BpO 3.05m, 6.00 -- -- -- Branched 

214pb 
decay: a to 

82 Lead 26.8m -- 0.65 0.24 4(36) 2~ 4 Pb (99.98%); 
(. 35) s to 2 1 8 At 

(0.02%) 
83 Bismuth 21,Bi 19.7m 5.5 1.5 0.61 47(17) Branched de-

(1. 76) car: a to 

84 Polonium 21,Po 164µs 7.7 0.8 0.014 
21 Tl (0. 04%); -- s to 2 1 ''Po 

82 Lead 2 1 o Pb 22.0Y -- 0.016 0.046 4.1 (99.96%) 

83 Bismuth , 2 1 o Bi 5.0d -- 1.16 

84 Polonium 2 I Op 0 138d 5.30 -- 0.80 0.001 

82 Lead 206pb [stable] 

·After Adams and /Gasparini (1970) and Lapp and Andrews (1972). 

// 
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half-life of the gaseous member, Rn-220, 
vents any escape. Equilibrium conditions 
in greywacke. 
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in the series probably pre
can be expected to prevail 

The presence in the U-238 series (Table 3.2) of long-lived U-234, 
Th-230, and Ra-226 makes the establishment of equilibrium throughout 
the series a long process. U-234 reaches equilibrium with U-238.after 
about one million years, Th-230 reaches equilibrium with U-234 and 
U-238 after approximately 400,000 years and Ra-226 is in equilibrium 
with Th-230 after 10,000 years. All major gamma emitters in the 
series are after the long lived members. Complete equilibrium from 
Ra-226 to Po-214 is reached after about 32 days (Adams and Gasparini 
1970). 

Another possible cause of disequilibrium in the U-238 series is 
the preferential leaching of U-234 by groundwater. This would affect 
the soil, but not greywacke because of its unweathered and nonporous 
condition. 

The members of the U-235 decay series have not been shown. The 
U-235 natural isotopic fraction is 0.7114 (± 0.0007) % (Hyde et al. 
1964), hence the activity of the U-235 series is greatly overshadowed 
by that of the U-238 series. Standard dose-rate tables generally 
assume the natural isotopic ratio and give dose rates for uranium as a 
whole (Bell 1979b). 

The decay scheme of K-40 is shown in Figure 3.3. Natural potas
sium consists of stable isotopes K-39 (93.08%), K-41 (6.91%) and th~ 
only unstable isotope K-40 (0.012%) with a half-life of 1.3 x 10 
years. The abundances of the isotopes are constant in nature. 

I 

\ 

1. 46 MeV 

0 

y 

11. 0% 

40Ar 
18 

FIGURE 3.3 Decay scheme of K-40. 
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Given that the greywacke stones analysed in this research are 
older than 230 million years (Fleming 1970) and nonporous, it can be 
expected that equilibrium conditions prevail. However, I made tests 
on selected greywacke and soil samples using gamma spectroscopy to 
determine if there was Rn-222 loss which would result in a reduced 
dose from gamma, beta, and alpha radiation. Loss was found to be 
highest in topsoil, but was negligible in all samples when considering 
dose-rate calculations. 

A total of 111 soil and stone samples from South Canterbury were 
analysed by gamma spectroscopy. Radionuclide concentrations in grey
wacke stones were similar over the research area. An average 
greywacke (mean of all determinations) was found to have a uranium 
content of 2.45 ± 0.39 ppm, thorium content of 10.92 ± 1.03, and 
potassium equal to 2.33 ± 0.26%. I found gamma-ray spectroscopy to 
be a reliable means of determining radioelement contents for dose-rate 
estimations. 

Dose Rates 

The ionizing radiation causing TL in natural minerals is the 
result of alpha, beta, and gamma radiation from U-238, U-235, Th-232, 
and K-40 located in rocks and minerals. If a dosimeter mineral is in 
the range of either alpha, beta, or gamma radiation, electrons will be 
excited and trapped in proportion to the radiation dose and available 
electron traps. 

The calculation of a TL age requires the determination of the 
annual dose rate (see Figure 3.2 and Equation 3.1). This determi
nation is as important and often as difficult as the measurement of 
the total accumulated d.ose. The inclusion method of TL dating 
involves the liquid or ~agnetic separation of a known diameter TL 
mineral, typically quartz in the 100 µm range. Quartz is generally 
free of internal radioactivity (Zimmerman 1967, Fleming 1979:117), so 
crystals with diameters > 100 µm will greatly attenuate the alpha 
radioactivity from U and Th occurring outside the quartz. Not only 
does alpha radiation have a comparatively short range of - 25 µm on 
average in minerals, but alpha particles are also much less effective 
in inducing TL in minerals than beta and gamma radiation (Fleming 
1979). Etching the quartz with HF removes surface impurities and 
dissolves an outer shell which makes the alpha contribution 
negligible. Beta radiation from uranium, thorium, and radioactive 
potassium (K-40) travels about 1 mm on average in clay or rock 
(Fleming 1979:23-26). Beta radiation can be looked at as an internal 
source of radiation dose in pottery and stone because of its short 
range. Gamma radiation from the radioactive isotopes has a much 
longer effective range of up to 40 cm. This and a small cosmic compo
nent supply the external dose to TL minerals in pottery and stone. 

Dose rates from K-40 and the uranium and thorium series, have 
been calculated by several TL researchers (Aitken and Bowman 1975, 
Aitken 1978, Carriveau et al. 1978). The dose rates most used are 
those of Bell (1976, 1977, 1979b) and Aitken (1983) shown in Table 3.3 
(note--1 Gray (Gy) = 100 rads). A small dose contribution from 
rubidium was first presented by Warren (1978). The contribution from 
cosmic rays has been discuss~d by Prescott and Stephan (1982). 

,/ 
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Note that in quartz inclusion dating the dose from alpha 
particles and rubidium are excluded. If a fine-grained method was 
being used for dating greywacke then rubidium would have to be 
considered. Reid (1982) analysed 29 Torlesse Terrane greywackes and 
found an average of 92.2 ± 23.0 ppm of rubidium. 

More direct ways of beta and gamma dose measurements have been 
developed using TL phosphors. Mejdahl (1970, 1972, 1978) was probably 
the first person to measure beta radiation from pottery itself using 
Caso

4
:Mn. Other methods have since been developed using TL dosimeter 

powders (Bailiff 1982). 

Measurement of the gamma dose using TLD has found a wide applica
tion in archaeology (Aitken 1969; Mejdahl 1972, 1978). TL dosimeters 
are buried in sites for up to a year and give the combination of dose 
from gamma and cosmic radiation. 

I buried TL dosimeters in oven sites for nine months to one 
year. TLD was used because it can give more reliable information on 
environmental dose rates than radioactive element analyses. Results 
indicate that there is little seasonal variation in dose rates. There 
was excellent agreement in dose-rate values determined by gamma spec
troscopy and TLD. I found that a good estimate of dose rate was 
obtained by considering an infinite-medium greywacke and using the 
results from gamma spectroscopy. 

Dose-rate calculations must also consider the effect of beta 
attenuation (Mejdahl 1979, Bell 1979a), ground water uptake and radon 
emanation (Tanner 1964, Desai and Aitken 1974, Carriveau and Harbottle 
1982), and other radioactive disequilibria (Meakins et al. 1978, 
Murray and Aitken 1982). I found dose-rate corrections for radon 
escape and ground-water uptake to be negligible for greywacke 
ovenstones. 

TABLE 3.3 

Dose rate (mGy/a) for indicated amount of parent 

Alpha Beta Gamma 

Uranium series, lppm 2.783 0.1462 0 .1148 

Thorium series, lppm 0.738 0.0286 0.0514 

Potassium, 1% K -- 0.830 0.241 

Rubidium, 1% Rb -- 4.64 

From Bell (1979b) and Aitken (1983) 
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MATERIALS AND METHODS 

Gamma-ray Spectroscopy 

Gamma rays were detected with a 7.5 x 7.5 cm NaI(Tl) 2.5 cm well 
detector. A block diagram of the entire set-up used in this research 
is shown in Figure 3.4. The scintillation detector was surrounded 
with 7.5 cm of lead to reduce the background radiation. A water 
cooling coil was located around the detector. The system and method 
employed are similar to that described by Adams and Gasparini (1970), 
Gustafson and Brar (1964), and Meakins et al. (1979). 

I crushed and ground whole rock samples using a Braun jaw crusher 
and pulverizer. Soil samples were not ground. All samples were dried 
in a forced air oven at 110°c for a minimum of 12 hours. I packed the 
dried samples tightly into plastic liquid scintillation vials (Poly 
Q--Beckmann) and sealed the lids with plastic glue plus plastic tape. 
The sealed samples were set aside for a minimum of one month before 
analysis to allow the radon-222 and its daughters to equilibrate. 

For U and Th, the most characteristic gamma rays are emitted by 
the isotopes Bi-214 (1.76 MeV) and Tl (2.62 MeV) respectively. 
Potassium has the direct gamma emitter, K-40, at 1.46 MeV. A "window" 
was opened at each of these peaks with the widths being 0.23 MeV, 0.38 
MeV, and 0.45 MeV for the determination of K, U, and Th respectively. 

To determine unknown U, Th, and K concentrations, I evaluated 
calibration constants with pure K, U, and Th standards; the latter two 
in equilibrium throughout the series. Both U and Th standards were 
from the New Brunswick Laboratory (NBL). Analysed, standard NBL-75 
contained 0.051 ± 0.001 percent uranium with a negligible amount of 
thorium and potassium. I filled and packed a liquid scintillation 
vial with this standard in the same manner as greywacke and soil 
samples. The thorium standard used was NBL-51 containing 0.05% Th and 
0.002% U. The potassium standard was prepared from pure KCl powder. 
The instrument background was determined by using NaCl (<0.0004% K) in 
place of a sample. 

The advantage of calibrating the gamma-ray instrument with the 
above standards is that no knowledge of the decay schemes is required. 
The simultaneous U, Th, and K determinations were computer calculated 
based on the determination of calibration factors for use in a three 
equations with three unknowns method (Fankhauser 1976). Other methods 
are available as software packages (Schonfeld 1966, East et al. 1982). 

Modal Analysis 

Each thin section was stained for potassium feldspars and plagi
oclase using sodium cobaltinitrate and amaranth respectively 
(MacKinnon 1980:251-252, Norman 1974:73-79). Five hundred grains per 
slide were counted. I took photomicrographs of thin sections with an 
Olympus polarizing microscope, Model BHSP, equipped with a photo
micrographic system, Model PM-10/35AD, with an automatic exposure 
control unit, PM-CBAD. 

,/ 
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FIGURE 3.4 Block diagram of the gamma-ray spectroscopy system . 

Radioactivity Measurements of Greywacke Minerals 

Greywacke ovenstones (sample LHF3) were crushed and ground using 
a Braun jaw crusher and pulverizer. I collected the size fraction of 
63-200 µm by sieving. The sieved fraction was washed on the 63 µm 
sieve with water and dried overnight at 35°c. 

I magnetically separated the cleaned separate using a Carpco 
magnetic separator, Model M127. The roller speed was 120 rpm and the 
pole gap was 4 mm. The following fractions were collected after a 
minimum of three passes each: (1) magnetic portion at O amps [A] after 
charging the pole pieces with maximum flux, (2) magnetic portions at 
(a) 0.5, (b) 1.0, (c) 1.5 A, and (3) nonmagnetic portion at 1.5 A. I 
dried, weighed, and sealed the magnetic portions in scintillation 
vials for gamma counting. The nonmagnetic separate was etcheq with 
24% HF for 20 minutes, washed with 3 N HCl and water, and again etched 
for 30 minutes with 1 N HF, followed by washing with 3 N HCl and 
water. After drying at 100°c, I weighed and sealed the quartz in a 
scintillation vial for gamma counting. All gamma samples were s~aled 
for a minimum of one month before counting. · 

// 
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Determination of the Spatial Distribution of U and Th in Greywacke 

Greywacke ovenstones were cut using a diamond blade saw and then 
polished on a lapping wheel. The polished sections were placed on the 
emulsion side of LR-115 Type 2 (Kodak) alpha particle sensitive film. 
After 65 days the stones were removed and the film was processed in 
10% NaOH at 60°c for 105 minutes. I viewed the alpha tracks in the 
processed film at 50 or lOOx magnification. Photographs of the alpha 
track distribution were taken at 40x magnification with the equipment 
described above (see Modal Analysis). 

Grain Size Analysis 

The stained thin sections from the point counting were used for 
this analysis. Thin section images were projected onto the screen of 
a Nikon Profile Projector Model V-16A at lOOx magnification. I placed 
a 12 x 12 cm grid divided into two sections on the screen and compared 
circles Xeroxed on a plastic sheet representing grain sizes of< 90, 
90-125, 125-180, 180-250, 250-350, and> 350 µrn to the quartz grains. 
The grid was used to confine a small area to analysis. I counted five 
hundred grains for each section. 

Determination of the Void Space Between Ovenstones 

Ovenstones were packed tightly into a 13 litre bucket. A 
measured amount of water was added to exactly fill the bucket. The 
amount of water added in litres divided by 13 was the void space. 

Measurement of Environmental Radiation Using TL Dosimetry 

Caso
4

:Dy was prepared 
Christchurch as described 

at 
by 

the National Radiation Laboratory in 
Robertson and Tucker (1980). All 

measurements were made using a single batch of powder annealed at one 
time. A "no dose" reading was taken immediately after annealing; I 
subtracted this value (0.31 µGy) from all further readings. 

For each measurement, about 100 mg of CaSO :Dy powder was encap
sulated in a black PVC tube, 5 mm diameter by 28 mm length, closed by 
a rubber stopper at each end. A filter of lead of thickness 0.37 mm 
was rolled around each tube and the entire capsule was sealed in a 
plastic envelope (Robertson et al. 1981). The lead shield was added 
to flatten the response curve of caso 4 :Dy which has an energy 
absorption coefficient 2.6 times that of quartz at 40 Kev (Mejdahl 
1978, Szabo et al. 1980). The response of the shielded dosimeters was 
nearly quartz equivalent (Robertson et al. 1981) so no corrections 
were made for this when calculating doses. 

The capsules were mailed 
Some storage capsules were 
castle. Calibration capsules 
radiation doses of 10 µGy for 
mGy for site calibration. 
stored together. 

to Dunedin for deployment in the field. 
retained in Christchurch in a storage 
were separately exposed to Cs-137 gamma 
calibration of transit dosimeters and 1 
Storage and calibration capsules were 

The TLD phosphor accumulated natural radiation continuously from 
the time it was annealed until it was read. Since there was a delay 
at the beginning and end of the measurement period for mailing, 
placement, and retrieval, transit doses were measured by returning 
some capsules during field placement. 
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I placed each dosimeter as near to the center of an oven as 
possible while avoiding the area of excavation described in Chapter 2. 
Cross sections of ovens were consulted to place the dosimeter as near 
to the center of stones as possible, but in no instance was the depth 
less than 30 cm (avg depth= 38 cm) to allow for the range of gamma 
rays. The dosimeters were placed by (1) hammering a steel fence 
post into the oven to make a hole, (2) cutting a piece of garden hose 
(12 mm i.d.) and inserting a thick wire to straighten the hose, (3) 
inserting a dosimeter and corking the hose, (4) marking the desired 
depth on the hose and inserting the hose into the hole, (5) with
drawing the wire and taping the hose to a stake firmly driven into the 
oven, and (6) cutting off any excess hose and then corking the end 
(Figure 3.5). I made holes for dosimeters placed in the ground with a 
2 cm diameter auger. Note--an auger cannot be used to make holes 
through stone in an oven! Dosimeters for above ground measurements 
were taped to the south-underside of tree branches. 

I mailed the dosimeters to Christchurch for reading as soon as 
possible after retrieval. A minimum of five readings was taken for 
the powder in each capsule. Each site dose measurement was determined 
by: (1) subtracting the "storage" dosimeter reading from the Cs-137 
calibration dosimeter, (2) determining the dose to the site dosimeter 
by comparison with the calibration standard, and (3) subtracting the 
transit dose. 

RESULTS AND DISCUSSION 

Gamma-ray Spectroscopy 

The U, Th, and K contents of the greywacke ovenstones and 
associated soils are listed in Table 3.4. The K values represent the 
total amount of that element. The amount of radiogenic K-40 can be 
found by multiplying the potassium values by the natural abundance of 
K-40, 0.01167 atom% K-40, which has been found to be constant (Garner 
et al. 1976). However, subsequent dose-rate calculations are based on 
weight percent natural K. The errors presented with the radioactive 
element contents represent one standard deviation and include the 
errors associated with the standards and counting statistics. 

I ran sixteen samples twice to check on precision between runs. 
Mean error values for U, Th, and K were 7.6%, 7.9%, and 6.0% respec
tively. When the radionuclide values were used to calculate dose 
rates (see calculation method below), the mean difference between 
dose rates on duplicate analyses was only 2.7%. This small error was 
the result of dose rates being calculated from all three radionuclides 
and if, for example, a value was higher for Kin one analysis, it may 
have been lower in U resulting in a similar dose rate for duplicate 
analyses. 

The radionuclide concentrations for the topsoils in Table 3.4 are 
similar to those found by Dobbs and Matthews (1976) for the same area. 
The soils in the area of this study are either yellow-grey earths or 
yellow-brown earths and are all derived from greywacke (Gibbs 1980). 
Concentrations of U, Th, and K for each of greywacke (ovenstones), 
topsoil, and clay are fairly constant over the entire sampling area. 
The radionuclide concentrations for all samples in Table 3.4 had the 
following ranges: U (1.54-5.09 ppm), Th (5.63-16.56 ppm), and K 
(1.17-3.91 %) . The respective means of concentrations with one 
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FIGURE 3.5 TLD measurement of environmental dose rate in an earth 
oven using encapsulated Caso

4
:Dy powder: (top) oven cross-section 

view, (bottom) set-up visible above ground. 
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TABLE 3.4 

Radioactive element contents of South Canterbury ovenstone~
4
determined 

by gamma-ray spectroscopy; K-40 g. = K% X 1.17 X 10 0 

·Sample 
Name Description U,ppm ± Th,ppm ± K,% ± 

AS0/2 Ovenstone 2.20 .08 10.67 .29 1. 95 .03 
AS0/6 Ovenstone matrix 2.88 .21 12.50 .70 1. 77 .OS 
AS0/9 Light grey topsoil 2 .56 .13 10.31 .49 1.57 .04 
ASO/ll Yellow nat. base 2.37 .10 10.86 .38 1. 65 .03 

BB423/8 Ovens tone 2.70 .15 ll.03 .51 2.64 .04 
BB423/15 Natural base 2.64 .17 14.62 .60 1. 80 .as 

CB0/4 Ovenstone matrix 2.67 .19 9.16 .65 1.51 .05 
CB0/5 Rim stone, charcoal 2.30 .13 9.97 .45 2.66 .04 
CB0/17 White clay base 2.03 .15 9.43 .53 1. 66 .04 

CS0/5 Ovenstone 3.ll .22 12. 61 . 77 2.47 .06 
CSO/NAT Natural base (30 cm) 2.74 .19 10.86 .70 1. 48 .OS 

DL0/1 Ovenstone matrix (base) 2.17 .17 11.29 . 63 1. 63 .05 
DL0/2 Ovenstone matrix 2. 45 .13 9.63 .51 1.57 .04 
DL0/3 Ovens tone 2.44 .16 9.45 .57 2.33 .04 
DL0/5 ·White clay base 2.67 .08 10.38 .32 1. 68 .03 

FL0/4 Ovens tone 1. 76 .17 9.43 .56 2.08 .04 
FL0/7 Natural base 2.13 .15 11. 96 .48 2.46 .04 

FP0/7 Ovens tone 2.34 .16 9.40 .54 2.10 .04 
FPO/NAT Natural base 2.96 .16 9.15 .53 1.17 .04 

[ 
GSD0/4 Ovenstone matrix 2.33 .18 7.87 .64 1. 46 .05 
GSD0/5 Ovens tone 2.83 .11 ll .59 .42 2.21 .03 

J HANGI Ovens tone 2.64 .10 11.14 .31 2.18 .03 

HH0/2 Ovens tone 3.20 .11 9.47 .43 2.04 .03 
HH0/3 Ovenstone matrix 1. 90 .24 8.49 .86 1.30 .06 
HH0/8 Natural base 2.53 .11 10.97 .41 1. 79 .03 
HH0/9 Burnt clay layer 2.91 .12 8. 62 .48 1. 70 .04 
HH0/12 Ovens tone (bot'tom) 2.67 .12 10.66 .46 2.24 .04 

HVA/4 Stone (2nd deposited?) 2. 67 .08 ll. 46 .31 2.40 .03 
HVA/9 Ovens tone 2.40 .11 11. 08 .41 2.29 .04 
HVA Layer 1, topsoil 2. 68 .lO 12. 66 .38 1. 95 .03 
HVA Layer 2, matrix 3.09 .lO ll.39 .41 l. 79 .03 
HVA Layer 3, base 2.90 .08 12.40 .32 1. 97 .03 
HVA Yellow sand base 2.50 .12 11. 62 .46 1. 89 .04 

HVB/2 Ovens tone 2.67 .12 10.89 .45 2.35 .04 
HVB/3 Ovens cone (below HVB/2) 2.53 .14 10.99 .48 2.39 .04 

! 
HVB Layer 2 2.75 .20 10.09 .69 l. 92 .05 
HVB Layer 4, sand, charcoal 2.95 .14 12.54 .48 l. 99 .04 
HVB Yellow sand base 3.50 .08 ll.20 .33 l. 87 .03 

7 

LH 85 cm, clay 3.29 .19 12.29 .63 1.36 .05 

LHTO 10-30 cm, natural 2.95 .17 10.21 .58 2.08 .05 

LliTO Ovens cone 2.37 .17 10.75 .56 2.48 .05 

LH/B3 Ovens tone 2.49 .13 9.88 .45 2. 68 .04 
LH/C3 Ovenstone matrix 2. 72 .19 10.07 .66 1. n . os 

LH/F3 Ovens tone 2. 83 .16 12.40 .54 2.95 .04 
LH/F3 Topsoil 2.30 .27 7.78 .93 l.36 .07 
LH/F3 White clay base 2.82 .24 ll. 58 .82 l. 70 .06 

) LH/F3 Ovenstone matrix 2.81 .14 9.46 .55 1.28 .04 
LH/F5,F6 Ovens tone 2.69 .21 10.77 . 72 2.58 .06 

LOGH 13,14 Ovenstone 0.53 .13 l. 61 .46 0.21 .03 
LO/H14 Ovens tone 0.31 .14 2.03 .48 o .27 ·,03 

~' LO/Kl3 Ovenstone matrix 3.01 .30 6.58 l.O 0.90 .07 
LO/Kl3 Ovens tone 0.23 .11 0. 68 .42 0.20 .03 
LO/L13 Clay base 3.05 .13 9.70 .51 l.12 .04 
LO/Nl2 Ovens tone 0.20 .11 l. 48 .41 0.22 .03 

,' LO/Nl2 Clay base, oven 2 2.42 .15 10.96 .56 l.10 .03 

,/ 
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TABLE 3.4 (continued) 

Sample 
Name Description U,ppm :!: Th,ppm :!: K,% :!: 

MPl/5 Ovens tone 2.61 .14 12.32 .47 2.48 .04 
MPl/4 Ovenstone matrix 5.09 .24 13.01 .87 2. 77 .07 
MPl/11 Clay base 4.23 .16 16.56 .53 3.91 .05 
MPl/15 Soil above charcoal 4.88 .21 13.27 ·.77 2.80 .06 
MPl/17 Topsoil 3.82 .17 12. 03 .59 2.39 .05 
MPl/19 Upper dark soil 4.15 .26 12. 63 .91 2.57 .07 

MP2/l Ovenstone 2. 72 .23 10.75 .75 2. 75 .06 
MP2/2 Topsoil 2.00 .23 10.41 .77 2.04 .06 
MP2/NAT Natural 2.35 .23 11.53 .79 2.34 .06 

NW0/4 Ovens'C.one 1.79 .21 10.18 .74 1.60 .06 
NW0/5 Ovenstone matrix 1.75 .23 8.47 .80 1.69 .06 
NWO/NAT Natural base 3.29 .16 11.18 .58 2.17 .04 

R2D2/2 Ovenstone 1. 93 .16 11.67 .53 2.49 .04 
R2D2/3 Ovenstone matrix 3.04 .20 10. 92 .67 1.83 .OS 
R2D2/8 Natural base 3.77 .23 12.17 .82 1. 75 .06 

SDO 0-15 cm, topsoi! 2.36 .19 5.84 .66 1.35 .05 
SDO Natural, 30 cm 2. 63 .17 5.63 . 62 1.54 .05 
SD0/7 Ovens tone 2.54 .06 13.89 .26 2.50 .03 
SD0/8 Ovenstone mat=ix 2.32 .12 8.73 .46 1.54 .03 

T0/5 Oven stone 1. 98 .16 12.01 .53 2.08 . 04 
T0/8 Natural clay base 3.10 .15 12.51 .so 2.27 .04 

TTH0/4 Ovenstone 1.54 .16 10.24 .52 2.33 .04 
TTHO/NAT Natural base 3.03 .18 9.33 . 64 1.91 .05 

UHTO Layer 2 2. 68 .26 11.15 .91 1. 61 .08 
UHTO Layer 3 2.59 .17 11.34 .56 2.35 .04 
UHTO Layer 4, base 3 .12 .15 10.46 .52 2.11 .04 

WOl/3 Ovens tone 2.54 .16 12.35 .52 2.27 .04 
WOl/5 Layer 1, topsoil 2. 97 .18 11. 45 .61 2.40 .05 
WOl/6 Laye= 2, matrix 3.16 .23 13.48 .54 2.69 .06 
WOl/7 Natural base 2.69 .22 12.26 .74 2.76 .06 

W02/10 Burnt natural base 2.96 .07 10.45 .28 2.46 .02 
W02/ll Charcoal laye= 3.12 .13 11.17 .50 2.47 .04 
W02/12 Layer 1, topsoil 3.17 .11 12. 7l .43 2.45 .04 
W02/13 Ovenstone matrix 2.28 .16 11. 02 .5, 2.68 .04 
W02/14 Oven stone 3.01 .19 11.27 . 67 2 .22 . 05 

W03/2 Ovens tone 2.44 .15 10.49 .51 2.08 .04 
W03/5 Natural base 2.91 .13 12.82 .41 2.55 .04 

W04/S Ovens tone 2.39 .20 10.44 .69 1. 91 .as 
W04/16 Clay base 2.31 .16 10.52 .51 1.71 .04 

WOS/7 Topsoil 2.36 .17 10.19 .59 2.36 .05 
W05/8 Topsoil rim 2.34 .21 9.43 .72 2.15 .06 
W05/9 Black layer 2.97 .21 9.82 .74 2.12 .06 
WOS/10 Natural, 0-15 cm 2.81 .11 9.23 .45 1.76 .03 
W05/14 Natural, 65-85 cm 2.16 .12 10.59 .42 2.70 .03 
W05/36 Ovens tone 2.29 .21 9.72 .70 2. 73 .06 

W06/2 Ovens tone 1. 99 .16 11. 61 .52 2.40 .04 
W06/NAT Natural base 2.08 .19 8. 72 .64 1.52 .05 

W07/3 Ovens tone (1) 2.97 .08 10.94 .32 2.42 .03 
W07/8 Natural base 2.35 .08 11. 72 .29 2.56 .03 
W07 /14 Ovenstone (2) 2.36 .08 11.51 .30 2.43 .03 
W07/15 Gravel base 2.29 .09 12.56 .31 2.48 .03 
W07/18 Gravel 2 .47 .11 12.37 .41 2.67 .03 
W07/20 Natural base 2.40 .09 12.58 .32 2.36 .03 

:, 
ZB0/1 Ovens tone 2.11 .08 9.20 .32 2.11 .03 
Z!l0/2 Ovenstone matrix 2.61 .14 9.09 .54 1. 48 .04 
ZB0/7 Natural clay base 2.72 .09 8.15 .39 1.34 .03 
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standard deviation are 2.68 ± 0.57, 10.86 ± 1.64, and 2.11 ± 0.46. 
The mean ratio of 4.0:1 for thorium to uranium is commonly found in 
rocks (Heir et al. 1964). The only apparent discrepency in radio
nuclide concentrations of ovenstones is that for samples "LO". 
However, the results are not in error because these ovenstones are 
basalt with their consequent low levels of U, Th, and K. Clay and 
topsoil for this site near Timaru are derived from greywacke. 

Modal Analysis 

The modal analysis results for three ovenstones are given in 
Table 3.5. Note that two of these ovenstones come from the same oven. 
Quartz is the most abundant constituent. Plagioclase, in general, 
exceeds the K-feldspar. The rock fragments are generally volcanic 
with a feldspar-chlorite mineralogy. The matrix includes fine-grained 
non-opaque material which is mostly crushed rock fragments and, 
therefore, would have the same compositon. Opaque minerals are iron 
minerals and occur as discrete grains and as a matrix. These results 
can be compared to those of Reed (1957), Dickinson (1971), and 
MacKinnon (1980) who use a slightly different classification system. 
This greywacke can be grouped into the major class of "feldspathic 
greywackes" according to Pettijohn (1975:227) because of the abun
dance of feldspar as compared to "lithic greywackes" which contain 
more rock fragments. 

Under the microscope, (Figure 3.6) two of the greywacke oven
stones in Table 3.5 appear as typical feldspathic greywackes 
consisting mainly of angular, poorly-sorted quartz, feldspar and rock 
fragments in a fine-grained chloritic matrix. Quartz can be seen as 
poorly-sorted clear inclusions in the rock matrix. It is dispersed 
fairly uniformly throughout the rock, each grain usually surrounded by 
other minerals. The quartz is the TL mineral of interest in\this 
study although feldspars are abundant and sensitive TL minerals. It 
is important from a dosimetry point of view that the quartz which is 
TL-producing and nonradioactive be uniformly correlated with U and Th 

TABLE 3.5 

Modal analysis of representative greywacke ovenstones based 
on counts of 500 points each, values in% 

LHF3-l LHF3-2 W07-19 

Quartz 23.4 19.2 21. 6 

K-feldspar 10.0 6.4 3.8 

Plagioclase 11.2 27.4 25.4 

Rock fragments 21.2 13.4 15.0 

Opaques 17.4 24.6 19.8 

Matrix 16.8 8.4 13.6 

Other (eg. mica) - 0. 6 0.8 

,/ 
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FIGURE 3 . 6 Thin sections 
W07-19 and (bottom) LHF3-2. 

(40x) of greywacke ovenstone samples: 
Quartz appears white. 
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bearing minerals which are low in TL. 
stated the case: 

Malik et al. (1973:252) have 

If the [radio] activity is high in regions of high TL 
sensitivity, the calculated [TL] age will be too high 
and if negatively correlated this age will be too low. 
(It is assumed that only the average activity of the 
sample is used in the age calculation in a normal TL 
experiment). 

Potassium is located mainly in K-feldspars with some in biotite. 
The beta and gamma radiation from K-40 travel a much greater distance 
than the diameters of the quartz crystals in greywacke (see quartz 
grain size analysis below). This should result in a homogeneous dose 
rate to quartz from potassium containing minerals. 

Where are uranium and thorium located? Smith (1963) states that 
both uranium and thorium are incorporated in the ferromagnesian 
minerals. They tend to concentrate in the accessory minerals because 
of their large ionic radii, high valences, and electronegativities. 
The common ferromagnesian minerals in greywacke are biotite, horn
blende, and chlorite. In ad~!tion, zircon is high in U and Th. Quartz 
rarely contains more than 10 ppm of U, Th, or K. Feldspars also 
contain little uranium or thorium (Fleming 1979:17). 

I did radioactivity analyses on portions of minerals from oven
stones with different magnetic susceptibilities to give an indication 
of where the radionuclides are concentrated. 

Radioactivity Measurements of Greywacke Minerals 

\ 

\ It is generally assumed in TL dating that the radioactivity of 
quartz is negligible. This may not always be the case because uranium 
can be concentrated in inclusions found in quartz grains (Sutton and 
Zimmerman 1978, Plachy and Sutton 1982). 

Analysis results for U, Th, and Kon ovenstones LHF3 at various 
separation stages are presented in Table 3.6. As expected, the most 
magnetic portion (the iron containing minerals) contained the highest 
concentration of U and Th. Magnetite is the most magnetic mineral. 
Moderately magnetic minerals include biotite, hornblende, and 
chlorite. Zircon varies from weakly magnetic to almost nonmagnetic 
depending on iron content. Feldspars are almost nonmagnetic to non
magnetic (Allman and Lawrence 1972, Grimshaw 1971). Potassium 
content is similar in all the magnetic portions because it is found 
mainly in K-feldspar. There will be no dramatic changes in,the 
separated magnetic portions because the minerals will not break clean 
from each other when ground. Even much of the quartz is weakly 
magnetic because of adhering matrix. 

However, when the nonmagnetic portion was treated with HF, only 
pure quartz remained. The pure quartz fraction contains little 
radioactive impurities (Table 3,6). The dose rates can be calculated 
for the radioactive elements indicated. This will give an indication 
of the self-dose in quartz. Since the alpha dose rate is small, a 
suffic~ent accuracy can be determined if it is assumed that 1/2 ± 1/2 
of the dose is deposited within the quartz (Plachy and Sutton 1982). 
Table 3.7 gives the effective dose rate from the U and Th determin
ation of quartz. This calculation uses the conversions presented in 

// 
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TABLE 3.6 

U, Th, and K contents of greywacke magnetic separates from 
ovenstones LHF3 

Sample description U,ppm ± Th,ppm ± K, % ± 

Whole rock 2.83 0.16 12.40 0.54 2.95 0.04 

Magnetic at O A 3.28 0.22 22.09 0.68 2.60 0.06 

Magnetic at 0.5 A 3.20 0.19 10.69 0.67 2.45 0.05 

Magnetic at 1 A 2. 71 0.18 9. 71 0.63 2 .39 0.05 

Magnetic at 1.5 A 2.60 0.20 7.93 0.69 2.30 0.05 

Nonmagnetic quartz 0.34 0.15 0.05 0.54 0.10 0.04 

TABLE 3.7 

Effective internal alpha dose rate to quartz in greywacke 
ovenstone sample LHF3 compared to whole rock beta and 

gamma dose rates (mGy/a) 

Quartz Whole Rock 

Element Alpha Beta Gamma Total 

Uranium 0.047 0.414 0.325 0.786 

Thorium 0.002 0.355 0.637 0.994 

Potassium -- 2.449 0. 711 3.160 
---------

Total 0.049 3.218 1. 673 4.940 

Table 3.3 and assumes an alpha efficiency of 0.1 (Tite 1968, 
Zimmerman 1971a). Note that both gamma and beta internal dose rates 
are negligible. Beta particles, for example, have a much greater 
range than a 0.1 mm diameter quartz grain. I have compared the 
internal alpha dose rate with the total beta and gamma dose rates to 
quartz calculated from the whole rock analysis assuming an infinite 
medium of greywacke. 

The internal alpha contribution is only 1.0% of the whole rock 
dose rate. Since the composition of greywacke in South Canterbury is 
fairly homogeneous, I have disregarded the internal alpha dose to 
quartz in ovenstones throughout the research area. 
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Determination of the Spatial Distribution of U and Th in Greywacke 

The information in the last two sections indicates minerals in 
which U and Th are most likely to be found. Those minerals ~hich 
contain the radioactivity are found surrounding the quartz grains 
which contain a negligible amount of radioactivity. There is still a 
question of how evenly this radioactivity is dispersed throughout the 
stone. Fission-track mapping has been used to determine the uranium 
distribution (Walker et al. 1971). However, a simpler method using 
cellulose nitrate solid state nuclear track detectors (SSNTD) gives 
both uranium and thorium distribution by detecting alpha particle 
tracks (Spurny and Turek 1976, Kodak n.d.). This method may also be 
used for determining dose rates due to U and Th in pottery and stones 
(Fankhauser 1980, Sanzelle et al. 1983). 

A photomicrograph of a SSNTD showing the alpha particle distri
bution in a greywacke ovenstone is presented in Figure 3.7. The 
photomicrograph shows a relatively even distribution of U and Th. 
There are occasional star clusters (not shown) due presumably to the 
highly radioactive mineral zircon. Zircon makes up much less tha:n 1% 
of greywacke and also occurs in pottery where its presence has not 
presented any problems for TL dating (Zimmerman 1971b) . 

From the work above, the distribution of quartz and radioacti-Vity 
in greywacke seems to be even enough spatially to be able to calcu.1-ate 
dose rate determinations with good accuracy. Using a difficult met.hod 
like scanning a three-dimensional matrix representation of the g:cey
wacke mineral assemblage to determine beta-ray dose rate does not 
seem necessary (Plachy and Sutton 1982). 

FIGURE 3.7 Alpha particle track-etched holes in Kodak LR-115 (Type 2) 
solid state track detector film. Detector was exposed to a po~is:l1ed 
section of greywacke oven stone sample W07. Area shown is - 6mm. 
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Grain Size Analysis 

The grain size~ are fairly evenly distributed over the selected 
size ranges up to 350 µm (Table 3.8). Only a small percentage of 
crystals are over 350 µmin diameter. For both samples the range of 
180-350 µm accounts for about 30% of the quartz. MacKinnon (1980:131) 
gives a mean grain size of 0.26 mm on 28 samples. 

If the size range of, for example, 250-350 µmis selected from 
crushed greywacke, the possibility of the grains being crushed is 
reduced. After etching with HF the alpha induced TL is reduced to 
negligible amounts. Photomicrographs of quartz separates are shown in 
Figure 3.8. Quartz which was magnetically separated but not etched 
has small amounts of rock matrix still clinging to the grains. This 
is most visible for stones which have turned red from firing. It 
appears that quartz crystals "fall out" of the matrix during crushing 
much like those in crushed pottery. .This is because the quartz is 
harder than the matrix. Treating the quartz separates with HF removes 
the adhering matrix and etches the outer portion (Figure 3.8). Even 
though the majority of quartz crystals do separate cleanly from the 
rock matrix, the use of a large size fraction ensures better dosimetry 
control. 

I used different size fractions in developing a TL dating method. 
However, the majority of TL dates were derived from large inclusions 
in fhe 180-350 µm range. 

There are still some questions which must be considered before 
dose rates can be calculated with a good degree of certainty. Next, I 
will consider the effect of the environmental radiation. 

TABLE 3.8 

Quartz grain size in two South Canterbury ovenstones (%) 

Grain size (gm) LHF3-1 W07-19 

<90 23.0 31.5 

90-125 21.2 16.0 

125-180 16.8 13.2 

180-250 19.6 15.5 

250-350 12.8 15.5 

>350 6.6 8.3 
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FIGURE 3.8 Quartz separates 
(top) 90-125 µm and (bottom) 
and Hangi, respectively. 

unetched 
250-355 

12 5 

(left) and HF etched (right); 
µm grain sizes for samples LHF3 
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Dose Rates to Quartz in Greywacke Ovenstones 

The concentrations of U, Th, and K for earth oven sites in South 
Canterbury have been presented in Table 3.4. and are fairly constant 
for ovenstones, topsoil, and clay. With the values in this table the 
dose rates can be calculated by using the conversions shown in Table 
3.3. However, no ovens were made up of only ovenstones. Soil was 
located in the interstices (labeled matrix), topsoil covered the 
stones, and, in general, clay made up the base of an oven. Gamma 
radiation to any point (in this case a quartz grain) comes from a 
radius of 40 cm, although - 98% of the effective dose is within 30 cm. 

Some tentative calculations of dose rates to quartz grains in 
ovenstones from different areas of oven sites are presented in Table 
3.9. In the inclusion method of dating, the quartz grains are large 
enough to slightly attenuate the beta dose. Beta attenuation factors 
have been calculated for various quartz diameters (Mejdahl 1979, Bell 
1979a, Fleming 1979:26-27). For example, Mejdahl (1979) determined a 
100 µm quartz grain will absorb 90.4% of the beta dose that would be 
absorbed from the uranium series for an infinitesimally small grain, 
85.7% of the beta dose from the thorium series, and 96.5% of the dose 
from K-40. Table 3.9 gives the dose rate to 150 µm quartz grains 
using the attenuation factors of Mejdahl. 

The dose rates vary little in the different media encountered for 
most of the oven sample suites. Standard deviations from the mean of 
dose rates for single suites with the exception of HHO vary from a low 
of 1.2% in HVA to a high of 2.5% in ASO. Maximum differences in dose 
rates from ovenstones and another sample in these suites varied from 
1.5-4.6%. This situation would not 1 exist if there were large differ
ences in radioactivity of different~ayers. However, the topsoil in 
South Canterbury is all greywacke loess derived from the greywacke 
identical to the ovenstones; the same is true of the clays. 

There are exceptions to this simple picture. For example, HHO 
has a standard deviation of 4.6% from the mean and an 11% dose-rate 
difference between its ovenstones and matrix. Similar large dose-rate 
differences are found, for example, in oven sites MPl and SDO (not 
shown). Note that the dose-rate differences would be even less than 
calculated because some of the gamma dose comes from the ovenstones 
considered and even more would come from similar ovenstones tightly 
packed around the analysed ovenstones. 

An average U, Th, and K content for greywacke can be determined 
by considering only the greywacke ovenstones in Table 3.4. The U, Th, 
and K means with one standard deviation are 2.45 ± 0.39, 10.92 ± 
1.03, and 2.33 ± 0.26 respectively. If it is assumed that all of the 
beta and gamma dose to quartz in an ovenstone is coming from only 
that ovenstone, then an average South Canterbury greywacke ovenstone 
has the dose rates shown in Table 3.10. The beta dose rate in the 
"standard greywacke" makes up 60.5% of, the total dose rate with gamma 
contributing 34.8%. The K dose is greater than U and Th combined. 

What would be the actual internal dose rate for an ovenstone 10 
cm in diameter? Mejdahl (1983) has prese~ted absorbed gamma radia
tion fractions for stone of density 2.6 g/cm with 3 ppm U, 12 ppm Th, 
and 2% K. Absorbed fractions would be nearly identical for grey
wacke, especially since the results are not very dependent on the 
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TABLE 3.9 

Dose rates of representative oven sample suites considering beta dose 
from ovenstones plus gamma dose from the described sample. 

Sample 
Name 

AS0/2 

AS0/6 

AS0/9 

AS0/11 

DL0/3 

DLO/l 

DL0/2 

DL0/5 

HH0/2 

HH0/3 

HH0/8 

HH0/9 

HH0/12 

HVA/9 

HVA 

HVA 

HVA 

HVA 

W02/l4 

W02/10 

W02/ll 

W02/12 

W02/13 

WOS/36 

WOS/7 

WOS/8 

WOS/9 

WOS/10 

WOS/14 

Notes: 

Description 

Ovens tone 

Ovenstone matrix 

Topsoil 

Natural base 

Ovens tone 

Ovenstone matrix (base) 

Ovenstone matrix 

Clay base 

Ovens tone 

Ovenstone matrix 

Natural base 

Bu=t clay layer 

Ovenstone (bottom) 

Ovens tone 

Layer 1, topsoil 

Layer 2, matrix 

Layer 3, base 

Yellow sand base 

Ovens tone 

Burnt natural base 

Charcoal layer 

Layer 1, topsoil 

Ovenstone matrix 

Ovens cone 

Topsoil 

Topsoi.l rim 

Black layer 

Natural base, 0-lScm 

Natural base, 65-85cm 

Total Dose 
Rate (mGy/a) ± 

3.55 0.04 

3.68 a.as 

3.48 0.04 

3.51 0.04 

3.91 

3.80 

3.73 

3.82 

3.80 

3. 42 

3.74 

3.64 

3.85 

3. 98 

4.01 

3.96 

4.02 

3. 92 

4.07 

4.08 

4.14 

4.22 

4.09 

4.30 

4.24 

4.15 

4.24 

4.10 

4.32 

0.06 

0.06 

0.05 

a.as 

0.04 

0.06 

0.04 

0.04 

0.04 

0.05 

a.as 

a.as 

0.04 

0.05 

0.07 

0.05 

0.06 

0.06 

0.06 

0.07 

0.07 

0.08 

0.08 

0.07 

0.06 

1. Dose rates are calculated for 150 um quartz grains using 
the beta attenuation factors of Mejdahl (1979). 

2. Values include cosmic-ray dose rate of 0.185 ± 0.011 mGy/a. 
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TABLE 3.10 

Dose rates (mGy/a) to 150 µrn quartz grains in an infinite-medium 
greywacke with 2.45 ppm U, 10.9 ppm Th, and 2.33% K 

Beta+ Gamma 

u Th K Cosmic Total 

Dose rate 0.61 0.84 2.39 0.185 4.02 

% of total 15.1 21. 0 59.4 4.6 100 

Note. Beta attenuation factors from Mejdahl (197 9) were 
used in the calculations. 
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radioactive element concentration ratios.
3 

Reed (1957:13) found a 
grey~acke density range of 2.56-2.70 g/cm with an average of 2.65 
g/cm for 27 samples. For a 10 cm ovenstone, 23% of the internal 
gamma radiation would be absorbed. The infinite-medium total dose 
rate (neglecting cosmic radiation) for a standard ovenstone is 3.84 
mGy/a. Of this amount 2.94 mGy/a or 76% is from internal beta and 
gamma radiation. This amount falls to 67% for a 3.5 cm diameter rock. 

All of the above dose-rate calculations have relied on the 
radioelement concentrations determined by gamma spectroscopy. It is 
felt by many TL researchers that the best way to determine environ
mental dose rates is by thermoluminescence dosimetry (TLD). This is 
especially true in the case of potsherds or ovenstones which have 
large differences in radionuclide concentrations from the surrounding 
soil. Comparisons of gamma radiation dose rates determined by TLD and 
gamma-ray spectroscopy are presented next. 

Environmental Dose Rates Using TL Dosimetry 

Gamma plus cosmic-ray dose rates determined by TLD are given in 
Table 3.11. Errors are one standard deviation on a minimum of five 
readings. All dosimeters were in the sites for nine months except 
those in site LH0-2 for autumn, autumn & winter, and autumn-summer 
which were in the same site for 3, 6, and 12 months, respectively. In 
sites CBO, CSO, and HHO dosimeters were placed in both an oven centre 
and a short distance away. The dose rate is always higher in the oven 
centre than in soils at comparable depths because topsoils tend to be 
lower in radioactivity than parent rock (Gibbs and Mccallum 1955). 
The average dose rate for gamma plus cosmic rays in oven centres was 
1.58 ± 0.17 mGy/a which corresponds to an average gamma dose rate of 
1.40 mGy/a. 

Four dosimeters were placed in site LH0-2 at the end of summer 
and retrieved at the end of autumn, winter, spring, and summer. The 
results indicate that the dose rate declines during the winter, rises 
in spring and again lowers in summer. Another way of looking at this 
trend is to subtract, for example, the autumn value from autumn plus 
winter to get a nett value for winter. If this is done for all the 
measurements, then dose rate values of 3.5 ± 0.1, 3.4 ± 0.3, 3.9 ± 
0.5, and 3.3 ± 0.9 µGy/day are found for autumn, winter, spring, and 
summer respectively. Although it appears that there are differences 
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TABLE 3.11 

Oven site dose rates (mGy/a) as determined by Caso
4

:Dy 
dosimeters; dose rates include the cosmic-ray dose 

Site Description 

ASO Oven centre 

CBO Oven centre 

CBO 2m from oven 

CSO Oven centre 

CSO 3m from oven 

DLO Oven centre 

HHO Oven centre 

HHO 4m from oven 

HVA Oven centre 

LH0-1 Oven centre 

LH0-2 Oven centre, Autumn 

LH0-2 Oven centre, Autumn & Winter 

LH0-2 Oven centre, Autumn-Spring 

LH0-2 Oven centre, Autumn-Swmner 

LH Site measurement, 90 cm depth 

LH Site measurement, 60 cm depth 

LH Site measurement, 30 cm depth 

LH Site measurement, Surface 

LH Site measurement, 1 m height 

LH Site measurement, 2 m height 

LH Site measurement, 5 m height 

LHTO Oven centre 

LHTO Water tank top, 3 m height 

SDO Oven centre 

W02 Oven centre 

W07 Oven centre 

Dose 
Rate 

1.53 

1.49 

1.39 

1.83 

1. 45 

1. 65 

1. 48 

1.27 

1. 77 

1.36 

1.27 

1.25 

1.32 

1.29 

1. 49 

1. 49 

1. 34 

0. 72 

0.56 

0.57 

0.61 

1.53 

0.58 

1.57 

1. 74 

1. 73 

± 

0.10 

0.06 

0.10 

0.09 

0.06 

0.08 

0.06 

0.05 

0.10 

0.06 

0.04 

0.06 

0.06 

0.07 

0.06 

0.10 

0.06 

0.04 

0.02 

0.02 

0.03 

0.06 

. 0. 03 

0.07 

0.08 

0.08 
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in seasonal dose rates, these differences 
significant because of the errors involved. 
ences do indicate that it is wise to leave 
for at least a year to average any seasonal 
by most TL researchers (Mejdahl 1978, Aitken 
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are not statistically 
However, these differ

dosimeters in the ground 
variations. This is done 

1969). 

Ground water in the soil can have an effect on the annual dose 
rate because it acts as a radiation absorber. The stopping power of 
water for alpha radiation is approximately 50% greater than that of 
quartz while beta and gamma radiation are absorbed 25 and 14% more 
effectively (Fleming 1979). With greywacke which is a nonporous dense 
rock there is no problem of the internal dose being attenuated by 
water. Note--water uptake tests done on greywacke from eight oven 
sites gave values ranging from 0.33-0.94%. Dose-rate attenuation by 
ground water would only apply to gamma radiation from soil surrounding 
the ovenstones. The highest amount of ground water would be expected 
during the winter in South Canterbury. This season did have the 
lowest dose rate. However, no generalizations can be made here 
because seasonal rainfall is highly variable in South Canterbury. For 
instance, at the end of spring it was noted that the ground was 
completely saturated; water was sitting in the oven, a man-made 
depression. Even leaving the dosimeters in the ground for a year does 
not guarantee a true annual dose rate as the year may be atypical. 
Nevertheless, determination of the environmental dose rates in earth 
ovens containing greywacke does not pose serious problems such as 
those where stone or pottery are surrounded by soil which is very 
different in radioactivity. 

Still another problem in dose-rate determinations is radon 
emanation. The U-238 decay chain contains an inert gas, Rn-222 (Table 
3.2). It has a half-life of 3.82 days allowing it plenty of time to 
diffuse through soil. Fleming (1979:34) has presented some approxi
mate diffusion lengths for dry and water saturated loamy soils of 
180-2.3 cm respectively. Even though the diffusion length is much 
shorter for wet soils, there is still a possibility of radon 
transportion by ground water flow. Radon-219 from the U-235 decay 
chain and Rn-220 from the thorium-232 decay series (Table 3.1) have 
short half-lives making their escape less likely. 

Radon escape in pottery has to qe considered in the calculation 
of dose rates and various methods have been devised to monitor this 
(Aitken 1978b, Carriveau and Harbottle 1979, 1982). I do not see 
radon loss as a problem in greywacke which is a nonporous dense rock. 

Radon escape in soils is an ever present occurrence. Table 3.11 
contains LH site measurement data for dose rates encountered from 90 
cm depth to 5 m above the ground. The measurements above ground will 
be dose rates due only to gamma decay from daughters after radon plus 
cosmic radiation. A dose rate of 0.56 mGy/a was found 1 m above ground 
and this changes little with increasing height up to 5 m. This value 
would be about 0.28 mGy/a for gamma dose only, after subtracting 0.28 
mGy/a for cosmic-ray dose (Kyker and Liboff 1978). This dose rate is 
above topsoil containing 2.30 ppm U, 7.78 ppm Th, and 1.36 ppm K 
(Table 3.4). According to Matthews (1977) who used calculated dose 
rates from various sources, the gamma dose rate at 1 m above ground 
level for the above radionuclide concentrations should be 0.52 mGy/a. 
In light of the large disagreement between calculated values and TLD 
results, I think the natural outdoor radiation exposure in New Zealand 
should be reassessed. 



> 

', 

> 

7 

,, 

_, 

131 

Loss of Rn-222 can seriously affect the dose rate in the U-238 
decay chain because it lies midway down the chain (Table 3.2). If 100% 
of the radon was lost, approximately 60% of the beta energy and 95% of 
the gamma energy would be lost. Bell (1979b) gives dose rates for 
100% radon loss in both the uranium and thorium series. 

To investigate this problem, I analysed some soil and greywacke 
ovenstone samples from South Canterbury by gamma-ray spectroscopy 
(Table 3.12) immediately after sealing the sample vial and then after 
Rn-222 equilibrium (> one month). 

Values for uranium are higher in all cases after radon equilib
rium. This indicates that radon emanation was occurring. It is not 
possible using a NaI(Tl) crystal to determine if and where other 
disequilibria may be occurring. Carriveau and Harbottle (1982) have 
given a method for determining the amount of radon emanation in 
sherds and soil using a Ge(Li) detector. Information is also provided 
on disequilibrium in Th-234 and Ra-226 regions of the decay series. 
The magnitude of disequilibrium and where it occurs can also be 
determined using a combination of delayed neutron fission analysis, 
gamma spectroscopy, and mass spectroscopy (Meakins et al. 1978). 

Before using methods of this type, it is a good idea to determine 
the magnitude involved in the determined dose rates due to radon 
emanation. The results presented in Table 3.12 can be used for this 
purpose. Table 3.13 gives the dose rates for an infinite matrix 
calculated from the U, Th, and K contents of samples in Table 3.12. 
Thorium and K dose rates are assumed to be constant by using the mean 
of initial and final results. I calculated the U beta plus gamma dose 
rates in two ways by (1) using the final gamma measurement (Rn-222 in 
equilibrium) and (2) using the final gamma measurement for the dose 
rate between U-238 and Ra-226 plus the initial result for the isotopes 
below Ra-226. This last calculation is necessary because it is the 
Rn-222 which is lost and not the U-238 indicated in the initial gamma 
result. 

The total calculated dose-rate differences between pre- and 
post-radon equilibrium are small. The dose-rate difference would be 
even less for actual ovenstones because sample preparation involved 
the crushing and grinding of rocks which would increase the surface 
area allowing more radon to escape. Therefore, any calculated dose
rate errors due to radon loss in ovenstones are negligible. This 
applies to the soil surrounding the ovenstones, especially when this 
emanation is likely to be reduced by ground water. 

It is likely that there is disequilibrium involved in the U 
series for the soils (but not for ovenstones). However, as found by 
other TL researchers, the complexity of the analytical techniques 
required to determine disequilibrium is generally not warranted when 
other errors in dose-rate estimation are considered. 

TL dosimetry is generally accepted as the most reliable method of 
determining the environmental dose rate. I will now compare dose 
rates determined by TLD and gamma spectroscopy (Table 3.14). 

The average gamma plus cosmic-ray dose rate determined from gamma 
spectroscopy results is 1.519 mGy/a while that for TLD is 1.524 mGy/a, 
a difference of 0.3%. This indicates that there is no systematic 
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TABLE 3.12 

Gamma-spectroscopy analyses for U, Th, and Kon unsealed and 
sealed samples; U and Th values in ppm, Kin% 

Sample Element Unsealed ± Sealed ± 

LHF5/F6 u 2.40 0.13 2.69 0.21 
ovens tone Th 11. 00 0.43 10.77 0. 72 

K 2.54 0.04 2.58 0.06 

LHTO u 1. 93 0.17 2.37 0.17 
ovens tone Th 11.26 0.56 10.75 0.56 

K 2.41 0.04 2.48 0.05 

WOl/6 u 2.55 0.16 3.16 0.23 
matrix Th 14.68 0.53 13.48 0.54 

K 2.41 0.04 2.48 0.05 

FPO/Nat u 2.53 0.26 2.96 0.16 
oven base Th 8.08 1. 08 9.15 0.53 

K 1.26 0.07 1.17 0.04 

WOl/5 u 2.16 0.19 2.97 0.18 
topsoil Th 11. 48 0.63 11. 45 0.61 

K 2.42 0.05 2.40 0.05 

Note. Sealed samples analysed after minimum 30 days storage. 

TABLE 3.13 

Calculated beta and gamma dose rates from unsealed and sealed 
samples from oven sites in South Canterbury 
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Dose rate from U (mGy/a) 
Sample Dose rate from 

Kand Th (mGy/a) Unsealed Sealed 

LHF5/F6 ovenstone 3.61 0.64 0.70 

LHTO ovenstone 3.50 0.53 0.61 

WOl/6 matrix 4.01 0.70 0.82 

FPO/Nat oven base 2.02 0.69 0.77 

WOl/5 topsoil 3.50 0.62 0.78 

Note: Dose rates calculated from results in Table 3.12. 
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TABLE 3.14 

Comparison of oven site gamma and total dose rates determined by 
gamma-ray spectroscopy (Spec.) and Caso

4
:Dy dosimeters (Dos.) 

Site Description 

ASO Oven 

CBO Oven 

CBO 2 m from oven 

CSO Oven 

CSO 3 m from oven 

DLO Oven 

HHO Oven 

HHO 4 m from oven 

HVA Oven 

LH0-1 Oven 

LH0-2 Oven 

LH Site, 30 cm depth 

LH Site, 90 cm depth 

LHTO Oven 

SDO Oven 

W02 Oven 

W07 Oven 

Notes: 

Gamma+ Cosmic 

Spec. 

1.54 

1.51 

1.30 

1. 66 

1. 41 

1. 48 

1.50 

1.50 

1. 60 

1. 43 

1.55 

1.34 

1.51 

1. 59 

1. 62 

1. 65 

1. 67 

Dos. 

1.53 

1. 49 

1.39 

1. 83 

1. 45 

1. 65 

1. 48 

1.27 

1. 77 

1. 36 

1.29 

1.34 

1. 49 

1.53 

1. 57 

1. 74 

1. 73 

Beta+ Gamma+ Cosmic 

Spec. ± 

3.55 0.03 

4.25 0.05 

4.46 0.08 

3.91 0.06 

3.96 0.05 

3.98 0.05 

4.31 0.05 

4.87 0.07 

4.14 0.06 

4.45 0.04 

4.07 0.07 

4.24 0.04 

Dos. ± 

3.62 0.10 

4.13 0.07 

4.49 0.11 

4.05 0.09 

3.86 0.07 

4.16 0.11 

4.05 0.07 

4.30 0.09 

4.07 0.08 

4.22 0.08 

4.17 0.10 

4.30 0.09 

1. Dose rates are calculated for 150 pm quartz grains using the beta 
attenuation factors of Mejdahl (1979). 

2. Gamma (+ cosmic ray) values determined by gamma spectroscopy are, 
in general, based on 2/3 of the dose rate from the ovenstone and 1/3 
of the dose rate from the matrix. 

3. Total dose rates are calculated by assuming an infinite-medium grey
wacke for gamma spectroscopy. For dosimetry, the results are the 
sum of the beta dose calculated from gamma spectroscopy analyses 
(Table 3.4) and gamma+ cosmic ray results for TL dosimetry (Table 
3 .11). 

,/ 
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error in comparison of the two methods. However. there is a 20% 
difference in dose rates in oven LH0-2. One-half of this oven was 
excavated (see Chapter 2) and even though the dosimeters were care
fully placed, there would be some influence from back filled material 
which would include topsoil of a low dose rate. Also, charcoal 
between the ovenstones could be diluting the dose. Some other values 
disagree up to 10%, but this could be a result of the method of 
calculation for the gamma spectroscopy data as explained in the next 
paragraph. 

In general, the ovenstones have a higher dose rate than the 
matrix. Incorrect values for dose rates would be obtained if the 
matrix did not fill 1/3 of the space between stones as assumed in the 
calculations. (Topsoil and oven base soil will also contribute some 
radioactivity.) Westman and Hugill (1930) have shown that the experi
mental packing of monosized spheres results in a void space of 38 ± 
1%. The theoretical void space for spheres of two sizes with large 
diameter ratios is 14.4%, and for three sizes where the mixture 
contains 62.0 parts of coarse, 23.6 of medium, and 9.0 of fine 
spheres, the void space is 5.4%. Experimental results on the latter 
mixture yield a void volume of 16.8% (Grimshaw 1971). Of course, 
ovenstones are neither monosized nor spheres. 

I experimentally determined a void space of 42% for both 0.96 and 
0.46 kg average stone sizes. An average stone size of 0.055 kg gave a 
void volume of 46%. The first two types of stones were rounded but 
not spherical. The latter stones were angular and mostly fire-cracked 
greywacke. The void volume will be slightly over-estimated with the 
method used, because the walls of the vessel do not fill voids. The 
assumption of a void space of 1/3 seems valid based on experiments. 

I 

The total dose rates to 150 µm diameter quartz grains in grey-
wacke ovenstones are presented in Table 3.14. Agreement between the 
two methods is excellent; differences range from 0.7% (CSO) to 13.2% 
(LH0-2) with an average difference of 3.5% It can be argued that 
gamma spectroscopy gives more accurate values for gamma dose rates 
than TLD because it measures the ovenstones themselves where the 
quartz crystals are located and where the immediate gamma rays are 
located. Nevertheless, the excellent agreement between results for 
the two methods gives further confidence in gamma spectroscopy. 

Finally, I will compare dose rates calculated from an infinite
medium greywacke, ovenstones with matrix, and ovenstones with the 
environmental dose determined by TLD. 

I picked oven site HHO for this comparison because it represents 
an extreme case where the matrix radioelement content differs from 
that of the ovenstone. If the dose rates calculated in various ways 
do not have a negligible difference, then a closer more rigorous 
treatment of dose-rate determinations is needed. Oven HHO had an 
average ovenstone size of 150 g (Chapter 2) which corresponds to a 
diameter of 4.8 cm assuming a sphere. The ab9orbed fraction for gamma 
radiation is 0.12 (Mejdahl 1983). This corresponds to an environ
mental external gamma attenuation of 0.88. Assuming no radon loss 
from the ovenstones, the beta dose rate to 150 µm diameter quartz 
grains is 2.27 mGy/a from Tables 3.3 and 3.4, ~nd Mejdahl (1979). The 
infinite-medium gamma dose rate is 1.35 mGy/a, and the gamma internal 
dose 0.16 mGy/a. The soil gamma dose rate is 0.97 mGy/a (assuming dry 

// 
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conditions) and that from cosmic rays is 0.185 mGy/a (Prescott and 
Stephan 1982). This results in an infinite medium greywacke dose rate 
to 150 µrn quartz of 3.80 mGy/a. The dose rate in a 4.8 cm ovenstone 
surrounded by 2/3 by volume identical ovenstone and 1/3 matrix is 3.69 
mGy/a. The dose rate considering the gamma plus cosmic ray values 
from TLD is 3.75 mGy/a. 

Dose-rate differences from the infinite-medium greywacke are 3.0% 
considering matrix and 1.3% using the TLD result. It is possible that 
the matrix contribution has been over-estimated in the second method. 
I assumed the matrix to be 1/3 by volume, but there are density 
differences to be considered. The gamma dose rate calculated using 
the formula, D = (1 - r)D .

1 
+ rD k' where r is the proportion of 

stone by weight and values ~~1 D arerggse rates of indicated materials 
(Aitken and Alldred 1972) assuming 2/3 by volume for stones, 1/3 by 
volume for soil, and a soil density of 1.5 g/cc, results in over 70% 
of the gamma dose rate coming from the ovenstones. Consequently, dose
rate differences may be even smaller, but still they are negligible. 
Therefore, I have determined dose rates for TL dates in this research 
using only gamma-ray spectroscopy results from ovenstones (Table 3.4) 
along with conversion factors in Table 3.3. 

THERMOLUMINESCENCE DATING OF GREYWACKE OVENSTONES 

INTRODUCTION 

Background to TL Dating 

The theory of TL and its application to dating has been presented 
in depth elsewhere (for example, Aitken 1974, 1978, 1985; Fleming 
1979) and will only be reviewed briefly here . 

TL is the emission of light in or near the visible spectrum by 
certain crystals (dielectric solids, minerals) when they are heated. 
The light is due to the release of energy when electrons trapped at 
lattice imperfections through absorption of ionizing radiation are 
released by heating. The observed TL is proportional to the accumu
lated radiation dose received by the thermoluminescent phosphor. 

The light emitted as a function of temperature during controlled 
heating yields a TL record usually referred to as a glow curve. If 
the phosphor is reheated immediately only thermal (black-body) back
ground radiation is emitted. The integral of nett TL as a function of 
time is proportional to the accumulated radiation dose the phosphor 
has received. 

If the total natural TL at a selected temperature range is 
measured and this is compared to the TL from an identical sample 
exposed to a known amount of radiation, then the total accumulated 
radiation dose which the material has received can be determined. The 
annual radiation dose received by the sample is measured by analysis 
of the sample and its surrounding matrix for their radioactivity 
content, i.e. U-238, Th-232, and K-40. This dose must also include 
the annual contribution from cosmic rays. The age equation is 

accumulated radiation dose 
TL age (3 .1) 

annual radiation dose. 
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TL is used throughout the world for radiation dosimetry and 
personnel monitoring (see, for example, Portal 1980). TL has been 
successfully applied to pottery dating. The buried pottery fragments 
are exposed to cosmic rays and alpha, beta, and gamma radiation from 
the naturally occurring radioactive isotopes of uranium, thorium, and 
potassium. Pottery contains thermoluminescent minerals such as quartz 
and feldspars. The age of the sherd since firing can be calculated by 
measuring the TL and the dose rate from radioisotope analysis. 

A TL dating research programme on pottery was begun at Oxford 
University in the early 1960s. This research led to two distinct 
techniques: the inclusion method (Fleming 1970) and the fine-grain 
method (Zimmerman 1971a). These methods are "absolute" dating methods 
in that the age is calculated directly from TL measurements and radio
activity. 

The inclusion method uses quartz extracts of approximately 100 µm 
in size from the sherd. This grain size eliminates the effect of 
alpha dose because the uranium and thorium are found in the clay 
matrix of the pottery; the range of alpha particles is about 25 µm in 
pottery. With the alpha dose being negligible, the importance of 
gamma and beta radiation is increased and consequently the burial 
medium becomes more important. 

The fine-grain method utilizes 
in size. Alpha particle dose becomes 
along with beta and gamma dose. 

whole pottery extracts of 1~8 µm 
more important and is considered 

Thermoluminescence has been applied to the dating of pottery, 
bricks, ceramics, clay from kilns, metals (through mineral inclu
sions), heated stones, and s~diments (see, for example, Seeley 1975, 
Wintle 1980, Wintle and Huntly 1982). 

Equipment for the Measurement of TL 

A typical TL record is a light-temperature plot usually referred 
to as a glow curve. To measure the light most TL dating laboratories 
use the technique of photon counting (Aitken et al. 1968, Morton 1968, 
Schlesinger et al. 1971) where the high signal-to-noise ratio enables 
the detection of low-light levels. Any TL equipment must consist of 
the following basic components: heating system, detector, signal 
conditioning apparatus, recorder, and calibration method. These and 
additional components used in this investigation are discussed. 

There are several methods of heating the phosphor which can be 
used; these include ultrasound, infrared irradiation (Dalrymple and 
Doell 1970), hot-gas heating (Botter-Jensen 1971, Oonishi et al. 
1971), electric resistance (Lewis et al. 1959, Bonfiglioli et al. 
1962, Carlson et al. 1968, Kelly and Smith 1978), and laser (Gasiot 
et al. 1982). Botter-Jensen and Bundgaard (1978) describe a micro
processor-controlled reader which accommodates 24 samples; this reader 
has been improved by incorporating a microcomputer (Botter-Jensen et 
al. 1983). An integrated TL measurement and computer system has been 
presented by Bortolot and Carriveau (1982). In addition, a new 
technique of dating sediments has been developed by Huntley et al. 
(1985) using laser excitation of trapped electrons. 

,/ 
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Most TL systems depend on electric resistance heating. This was 
the method used for this research. Two heater and optical systems 
were used. I used one of these previously when investigating the TL 
of Hawaiian basalts (Fankhauser 1976). Both systems including the 
electronic temperature controller will be briefly described. One 
system which was developed at the University of Otago is micropro
cessor controlled to provide a wide range of heating profiles required 
in TL dating and dosimetry. This system will be discussed in detail. 

Beta Source Calibration 

It is necessary in TL dating to measure the TL sensitivity of the 
phosphor for determining the accumulated radiation dose (Equation 
3.1). This is usually done by irradiating samples using a beta source 
which has been calibrated by comparison with an accurately calibrated 
gamma source. Murray and Wintle (1979) and Aitken (1979a) have used 
natural fluorite for such calibrations. Quartz has also been used 
because it is the mineral most often used in the TL dating of inclu
sions (Mejdahl and Winther-Nielson 1978, Pernicka and Wagner 1979). 

It is difficult to calibrate beta sources 
problems have been discussed by authors cited 
paragraph and Bell (1980a, 1980b), Wintle and Aitken 
Mejdahl (1981), and Wagner and Pernicka (1982). 

accurately; these 
in the previous 

(1977), Bell and 

I calibrated two beta sources (40 mCi and 1 mCi) with quartz 
which was irradiated by a Co-60 radiotherapy unit at Wakari Hospital. 
The method, results, and problems connected with this calibration are 
discussed. 

Plateau Tests 

The stable temperature 
comparing the NTL and ATL 
92-93). A plot of NTL/ATL 
plateau test (Figure 3.9). 
considered to be stable to 
generally considered to be 

region for trapped electrons is found by 
glow curves (Fleming 1971, Aitken 1974: 

as a function of temperature is termed a 
The region where the ratio is constant is 
thermal drainage and a good plateau is 

necessary for a reliable TL date. 

I determined plateaus by comparing NTL and ATL glow curves which 
0 . 

were nearly equal to each other above - 350 C (McKeever 1979). Good 
plateau tests were given by most greywacke quartz samples with stable 
regions beginning around 300-3S0°c and ending at 420-4S0°c. 

Error Analysis 

Aitken and Alldred (1972), Aitken (1976), and Mejdahl and 
Winter-Nielson (1982) have presented the assessment of error limits in 
TL dating. Their methods are not directly applicable to my error 
assessment because they consider pottery dating where radioactivity 
analysis (U and Th) is done by alpha counting or TLD or a combination 
of these. Also, the problems of radon escape and water content can be 
ignored in greywacke. 

I present an assessement of error limits for this research and 
give TL dates with calculated errors of one standard deviation. 
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FIGURE 3.9 Plateau test for quartz from pottery sample P23A04. The 
region of thermal stability is 340-430°c. 

Additional Information on Research Conducted 

I extracted quartz from ovenstones by crushing whole rock, 
sieving in several size ranges between 90 and 350 µm, washing, drying, 
magnetically separating, and etching with HF. 

A suggested method for TL dating of greywacke ovenstones is 
presented after a discussion of the experimental parameters explored 
in the development of the TL dating method. Parameters investigated 
include grain size, effect of crushing, and annealing. 

The dating method was successful except for large errors 
connecte8. with TL ages. The errors were due mainly to over-etching 
the quartz. I discovered belatedly that etching rates for greywacke 
quartz are much faster than those presented in the literature. Using 
the suggested method for TL dating should result in dates with a 
standard deviation of 8-10%. 

I give ten TL ages (nine of them on earth ovens) which were 
obtained by using an inclusion technique. TL ages for selected ovens 
will then be compared with those determined by radiocarbon dating. 

INSTRUMENTATION 

Complete System 

A block diagram of the system used in this investigation is shown 
in Figure 3.10, and a photograph of the set up is given in Figure 
3.11. The two heater and optical systems are labeled A and B. I have 
described System A in detail previously (Fankhauser 1976). 

Optic~l Assemblies 

The light detecting element in each system is an EMI 9635 QB 
"bialkali" photomultiplier (PM) tube equipped with mu-metal shield, 
and water c9oling. In system A a quartz filter was light coupled to 
the PM tube to serve as heat shield and light guide. System Buses a 
CS 1-75 (Corning) infrared filter. Both systems use CS 5-57 blue 
filters to reject the incandescent (black body) signal occurring at 

/ 
/ 
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FIGURE 3 .10 Block diagram of t he TL dating equ ipment. 

FIGURE 3.11 Photograph of the TL dating equipment. An XRF spect:i::::-um 
is visible on the VDU. 

high temperatures and to help reduce "spurious" luminescence. FiltE::rs 
and PM tubes were light coup led using Zeiss immersion oil. ShuttE:: r s 
were provided to allow the high voltage to the PM tubes to be on 
continuously . The systems were calibrated daily using a C-14 scint .::L.1-
lation source with an activity of 125000 disintegrations/min. 

Heating Chambers 

Both systems use resistance heaters made of Nichrome supported by 
copper electrodes which are water cooled. Silver paint was used on 
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the parts of the heating plates visible to the PM tubes. Chromel
alumel thermocouples were welded to the heating plates to measure

2
the 

temperature. The heating chambers can be evacuated to - 10 N/m in 
two minutes before the introduction of high purity nitrogen (< 10 ppm 
o

2
). The oxygen is further removed by passing the nitrogen over BTS 

catalyst (Broadbent 1967) of about 2 mm particle size, followed by 
drying over silica gel. 

System A 

Temperature Controller 

The EMF from the thermocouple is compared to a desired voltage 
ramp in the temperature controller, the difference between these two 
voltages is fed to a pulse generator which fires SCR thyristors to 
control the current to a transformer (and heating plate). This is 
similar to an electronic controller described by Mills et al. (1977). 

Heating rates of 0.3-35°C/s can be selected by a 10-turn potent
iometer. There is an automatic shut off which is adjustable from 
ambient to 800°c. I was not able to detect any deviation from 
linearity in the heating rate above 70°c. 

To calibrate the heating rates with a given potentiometer 
setting, thermocouple voltages wer~ monitored with a Hewlett Pack~rd 
microvoltmeter between 100 and 380 C. The heating rate (HR) to the 
Nichrome plate determined by a particular potentiometer setting (PS) 
is given by 

HR = 0 . 2 3 + ( 3 . 3 7 ) (PS) . (3.2) 

It takes 1.5 minutes for the ~eating plate to cool from 500 to 50°c at 
a nitrogen flow rate of 3 1/min. 

Glow Curve Collection 

When the controller (Figure 3.10) is switched on a pulse simul
taneously turns on the multichannel scaler (MCS) to collect the glow 
curve. Also, a chart recorder following the ratemeter gives a glow 
curve for immediate viewing. A software program was written to take 
data from the MCS and record it on a disk file. Additional programs 
integrate counts within desired temperature intervals, provide print
outs on the line printer, subract backgrounds, do plateau tests, and 
provide hard-copy plots using the XY plotter. 

System B 

Microprocessor Temperature Controller 

This controller was designed to provide a flexible temperature 
control for the heater. It allows most heating patterns required in 
TL techniques including: (1) ~utomatic running of the background 
following sample read out, (2) conveniently selected temperature 
shut-off points as required in pre-dose dating (Fleming 1971), (3) the 
holding of a specified temperature for a period of time to separate 
the main TL peak from lower-t7mperature peaks (Botter-Jensen and 
Bundgaard 1978, Nambi and Mitra 1978, Valladas 1978) and, (4) temper
ature hold for sample annealing after read out. 

,/ 



., 

.'> 

> 

\> 

-~ 

-I 

''; 

~ 

141 

The microgrocessor provides control over a temperature range from 
ambient to 500 C with heating rates from 2-25°c/s. The heating rate 
is optimized at s0

c/sec. The cooling rate is uncontrolled (cooling 
0 

from 500 to 50 C takes about 50 seconds). 

Six temperature profiles, each 
(heating, cooling or hold cycle), 
The length of a hold phase can be 
can be run while another is entered 

consisting of up to 57 phases 
can be stored by the controller. 
from Oto 9999 seconds. A profile 
or edited. 

All interaction with the controller is through a 32 key keyboard 
and a six digit calculator type display. 

An output for sychronizing the recording device (chart recorder, 
MCS, etc.) with the controller is provided. 

Description of E1ectronics 

This section describes the operation and functions of the 
electronics used in this system (Figure 3.12). 

The electronics for the oven controller are in two sections, the 
microprocessor and the analogue electronics with each built on its own 
printed circuit board. A multiconductor ribbon cable is used to 
connect the two boards. 

The microprocessor used is the Micro-Professor 1, a commercially 
available development system based on the Z80 microprocessor. The 
system has a 32 key keyboard (Figure 3.13), and a 7 segment, six 
digit display. Provision is made for three memory devices (2K RAMs or 
2K/4K ROMs), a parallel input, output (PIO) device and a clock/timer 
circuit (CTC). There is also a small wire-wrap area available. The 
system is made by Multi Tech in Taiwan. 

An Intel 8255 programmable peripheral interface (PPI) was added 
to the wire wrap area and a Zilog CTC plugged into the socket provi
ded. The PPI provides 12 lines of output to drive the digital to 
analogue converter (DAC) on the analogue board and handshaking lines 
which may be used to synchronize the controller with other equipment 
in the collection system. The CTC is used as an interrupt generator 
and timer by the software in the controller. 4K of RAM is used and 4K 
of ROM contains the control program for the system. 

The analogue board is a PCB containing the power supply, the 
thermocouple amplifier, a mains zero crossing detector, a buffered 
pulse transformer, and the analogue to digital conversion (ADC) 
electronics. 

The power supply provides plus and minus 12 volts for the 
analogue electronics and 5 volts for the digital electronics from 
separate windings on a low voltage transformer. All power supplies 
are regulated by three terminal regulators to reduce noise and 
increase stability of the amplifiers and DAC. 

The thermocouple amplifier has an offset adjustment and adjust
able gain to provide a voltage proportional to temperature for the 
ADC. It consists of a series of gain stages. The first stage is an 
op-amp configured as a balanced input buffer with a gain of around 19. 
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FIGURE 3.12 Microprocessor temperature controller 
thermocouple (TC) amplifier, DAC, and comparator, (b) 
and zero crossing detector, and (c) pulse transformer. 

circuits: (a) 
power supplies 

Left section of keyboard (control keys) 
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used 

Not 
used 

Not 
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Profile 
clear 

Phase 
clear 

Phase 

Not 
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Time 
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Rate 
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Next 
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Start 
Stop 

Enter 

Right section of keyboard (data and profile keys) 
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8 9 A B 

4 5 6 7 

0 1 2 3 

FIGURE 3.13 Keyboard layout for the microprocessor temperature con
troller. 
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The second stage is an op-amp configured for an adjustable gain from 
39 to 49, and zero offset adjustment. 

The zero crossing detector provides triggering information to the 
controller enabling it to trigger the triac supplying power to the 
heating plate. It consists of an op-amp configured as a voltage 
comparator followed by shaping electronics to provide a logic level 
signal compatable with the controller. 

The pulse transformer buffer provides buffering between the logic 
levels from the controller and the signal required by the pulse trans
former used to trigger the heating plate triac. This function is 
performed by a transistor. 

The analogue to digital conversion is done by a combination of 
devices on the analogue board and software in the controller. The main 
devices which form the ADC on the analogue board are the DAC and a 
comparator. The comparator compares the output of the DAC to the 
output from the thermocouple amplifier chain and produces a high/low 
signal for the controller. The controller then adjusts the value in 
the DAC until the comparator output changes state. When the compar
ator output changes state the value in the DAC is proportional to the 
thermocouple voltage. 

Software Operation 

This section describes how the software controls and interacts 
with the electronics. 

The software is composed of two main parts: the keyboard command 
interpreter which interprets the keystrokes entered ~y the operator, 
and the software which controls the heating plate temperature. 

The keyboard command interpreter is the largest part of the 
control software in the system. It checks the sequence of keystrokes 
entered at the keyboard and produces the actions required by the 
keystrokes. The interpreter is table driven and all possible key 
sequences are handled in an intelligent manner. Inappropriate key 
operations are ignored. There is always an escape sequence available 
for any key sequence which may change the state of the controller in 
some way. 

A number of buffers are used for storing the data required to 
describe the sequence of heating rates used for a sample run; there is 
one work buffer, one run buffer, and six auxiliary buffers with the 
main buffer being the work buffer. This is the only one immediately 
accessible to the operator. The contents of this buffer may be edited 
by the operator to produce the heating conditions required. This 
buffer is copied into the run buffer at the start of a run. The run 
buffer may be copied back into the work buffer and inspected to find 
out what stage a current run is at. The auxiliary buffers may be used 
for saving the work buffer. 

The only communication between the temperature control software 
and the keyboard command interpreter is the run buffer as described 
above, and a flag which is set by the keyboard command interpreter to 
indicate that a run should start. The flag is reset at th~ end of the 
run by the temperature control software and may also be reset by the 
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keyboard command interpreter at user request. This last feature 
allows a run to be aborted by the operator at any time. 

The temperature control software is interrupt driven and runs as 
a background task. It consists of two sections which are independent 
of each other. One section continuously monitors the thermocouple on 
the heating plate and provides the current heating plate temperature. 
The second section is on~y active during a sample run and controls the 
heating rate of the plate. 

The temperature reading software updates the value in the DAC to 
track the amplified voltage from the thermocouple. The value in the 
DAC is incremented or decremented depending on the output of a voltage 
comparator .which compares the voltage from the DAC and the voltage 
from the thermocouple amplifier. The DAC is updated every time the 
temperature reading software is invoked by an interrupt provided by 
one channel of the CTC. The value in the DAC is available as the 
current temperature of the plate. This value is used by the tempera
ture control section to determine the current plate temperature and 
heating rate. 

The temperature control section is only active during the time a 
profile is being run. The temperature control section generates an 
ideal temperature ramp by adding a fixed value to a nllmber repre
senting the current ideal plate temperature. The actual temperature 
of the plate is then compared with the ideal temperature periodically 
and an error value is generated. The error value is then used to 
control the on time of a triac which controls the power to the heating 
plate. 

Every 1/lOOth of a second at the mains zero crossing point an 
interrupt is generated which initiates the software controlling ramp 
generation and triac control. First one channel of the CTC is loaded 
with a timeout value to compensate for phase shifts which result in 
the controller seeing a different zero crossing point to that which 
the triac sees. At the end of the timeout period an interrupt is 
generated which invokes the next section of software controlling the 
triac. This section loads the timeout into another channel of the CTC 
which determines the time delay before turning the triac on. The 
triac is turned on at the end of this timeout period. The delay time 
is determined by comparing the actual plate temperature with the 
required plate temperature. An error value is thus generated and is 
used to alter the on time of the triac and, therefore, the amount of 
power delivered to the plate. 

After the initial phase correction delay is started the main 
part of the temperature control software continues and calculates what 
the current temperature should be and the error when compared with the 
actual plate temperature. This section of the software interprets the 
information in the run profile buffer and uses this to generate the 
temperature ramp required. This section also controls a chart record
er or other recording device. Synchronization with external supervisor 
hardware is also conrolled by the temperature control software. 

The Contro11er As Part of a TL Dating System 

This section describes how the temperature controller is used as 
part of a TL dating system. Refer also to Figure 3.10. 
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The controller is designed to be simple to operate in a number of 
different TL system configurations. The simplest configuration in 
which the controller could be used consists of a chart recorder which 
may be started and stopped by a single voltage output from the con
troller. In this configuration the output of a rate meter could be 
used to provide the signal to the chart recorder. This configuration 
was used when the system was first set up to check the controller and 
signal path. The chart recorder is enabled from within a temperature 
profile by setting chart on for phases where it is desired to have the 
chart recorder running. 

The same chart recorder output may be used in more sophisticated 
configurations to trigger a multichannel scaler (MCS) either directly 
or through a microcomputer acting as a system controller. In these 
configurations a handshake input may be used to ensure synchronization 
of the system. The oven controller has a handshake input which must 
match the chart recorder output for the controller to proceed with the 
currently active profile phase. For example, in a configuration with 
a microcomputer acting as a system controller connected to the oven 
controller and the MCS, the following sequence of events occur: 

1. The oven controller sets the 
cate to the microcomputer that 
phase. 

chart recorder output high to indi
it is ready to initiate a heating 

2. The microcomputer initializes the MCS and starts it. At the same 
time it sets the handshake line to the oven controller high. This 
allows the oven controller to continue with the heating phase. 

3. At the end of the heating phase the oven controller sets the chart 
recorder output low to indicate to the microcomputer that the heating 
phase is finished and recording may be terminated. 

4. The microcomputer stops the MCS and dumps the data from the MCS to 
disk. When the microcomputer has finished the data transfer it allows 
the oven controller to continue to the next phase by setting the hand
shake line low to match the chart recorder enable line from the oven 
controller. 

After the cooling phase following the heating phase the above 
sequence is repeated to collect the background curve. Using a system 
of this configuration allows a series of curves to be collected with
out requiring any operator interaction after the run is started. 

MATERIALS AND METHODS 

Sample Preparation 

Note that crushing, pulverizing, 
procedures were done while carefully 
any TL drainage (Medlin 1968, Tite 
cedures from HF etching onwards were 

Crushing and Sieving 

sieving, and magnetic separation 
excluding ambient light to avoid 

1968, Fankhauser 1976). The pro
done in red light. 

I crushed greywacke with a 
discharge opening of 7 mm. At the 
at either -18°c in a freezer or 

Braun jaw crusher using a maximum 
time of crushing, rocks were frozen 
-196°c in liquid nitrogen to avoid 
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process. I used two to five kilograms of stone for each 
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the crushing 
sample. 

The crushed stone was then put through a riffle box enough times 
to reduce the volume to that required for a gamma-ray spectroscopy 
sample. This was pulverized at a plate gap of 1.5 mm (see gamma 
spectrometer sample preparation) and the remaining crushed material 
was initially sieved using a sieve stack of 10, 2, and 0.5 mm. The< 
0.5 mm fraction was retained for further sieving. 

Final sizing of the crushed whole rock material consisted of 
separation on a sieve shaker for ten minutes using the following sieve 
stack: 90, 125, 180, and 355 µm. The< 90 and 355-500 µm fractions 
were stored in plastic bags, but were not used in this research. 

I washed the separates with cold water in the sieve stack until 
the water was no longer discoloured from the dust adhering to the 
crushed rock. This was a necessary step prior to magnetic separation. 
I dried the whole-rock fractions on the screens for a minimum of 12 
hours at 35°c and then stored them in plastic bags in a light-tight 
container. 

Magnetic Separation 

I separated the cleaned separates using a CarpQo magnetic 
separator, Model Ml27. The roller speed was 120 rpm and the pole gap 
was 4 mm. The non-magnetic portions were retained for TL dating after 
passing the whole-rock separates through the magnetic separator at 0 
amps after charging the pole pieces with maximum flux. I then 
collected the non-magnetic portions after a minimum of three passes 
each at 0.3, 0.6, l,

1 
and 1.5 A. Microscopic examination of several 

non-magnetic separates using staining techniques indicated the 
separates were made up of> 90% quartz at this stage. The contami
nating minerals were then removed and the quartz etched using 
concentrated HF. 

Hydrofluoric Acid Etching 

Selected non-magnetic separates (2 g maximum) were etched for 
10-50 min in polypropylene beakers using concentrated HF (40%) which 
had first been refrigerated to avoid heating in the exothermic 
reaction. The beakers were agitated at 10-15 minute intervals. I 
carefully poured off the HF and rinsed with tap water. I then added 3 
N HCl and swirled the contents before pouring off the HCl. Another 
tap water rinse was done followed by two rinses in distilled water. 
After rinsing separately with ethanol and acetone, the etched quartz 
was dried in a vacuum desiccator before being weighed into heating 
pans. 

Weighing of Quartz Separates for TL Analysis 

I weighed samples for the NTL buildup dose curve into heating 
pans which were supported by holes in a plastic bar in groups of three 
or four. This simplified weighing by only having, for example, five 
weighings for four samples, and also prevented the pans from tipping. 
Samples were weighed on~ balance sensitive to the nearest 0.01 mg. 
Individual portions of quartz were first poured into a hole drilled in 
a plastic spatula. Different size holes gave quantities ranging from 
4 to 16 mg. When the excess quartz was scraped off, I tipped the 
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sample into a heating pan and tapped lightly to spread the grains 
evenly. After a bar of samples was weighed, each sample was treated 
with a drop (applied with a sealed capillary tube) of silicone fluid 
(Duxe Products--500 centistokes) which was diluted with three parts of 

methyl isobutyl ketone to keep the sample in place during later 
handling. Silicone fluid also improves thermal contact. A minimum of 
nine samples (usually 12) were prepared and stored for a minimum of 12 
hours before TL readout or irradiation followed by readout. 

Samples for the ATL buildup curve were first annealed at 500°c in 
air for one hour before being measured into heating pans as described 
above. 

I used various heating pans: 0.3 mm thick aluminium and gold 
plated aluminium, and silver of 0.5 mm thickness. All had an i.d. of 
7.5 mm and a depth of 1.8 mm. Since any contamination on heating pans 
is detrimental to TL results (the pans are reused), a rigorous clean
ing is necessary. I first put previously used pans in trichloroethy
lene to remove most of the silicone oil and quartz crystals. This was 
followed by brushing each pan while re-immersing in trichloro
ethylene. Occassionally, I polished the pans using a high-speed 
motor tool with a rotary brush attachment and polishing paste. Pans 
were rinsed in acetone, ethanol, and water. Then they were placed in 
a beaker and 1 N HF added (Berger et al. 1982). After a few seconds 
the acid was poured off straight down_the drain with the water running 
and the pans rinsed three times with water. The acid rinse procedure 
was repeated using 3 N HCl. The pans were then rinsed several times 
with tap and distilled water. The pans were stored in a vacuum 
desiccator after rinsing with ethanol and finally acetone. 

Irradiation of Samples 

The NTL buildup curve was determined by running a minimum of 
three samples for NTL followed by three each for natural plus a beta 
dose and natural plus two times a beta dose. A beta dose was picked 
to correspond to producing at least two-thirds the TL output of the 
NTL. Extra samples were often required here to define the beta dose. 

The ATL buildup curve was obtained by irradiating at least three 
samples to each of one x beta, two x beta, and three x beta dose where 
a beta dose was generally the same as that used in the NTL buildup 
curve. All irrdiated samples were annealed at 120°c for one minute to 

0 
remove the 110 C quartz peak. 

TL Readout 

The equipment used in the 
the instrumentation section. 
investigation are given in Table 

detection of TL is described fully in 
The instrument settings used in this 
3.15. 

Before placing a sample pan on the heating plate, each pan was 
ru~bed on filter paper saturated with SF-1093 silicone oil (General 
Electric--500 centistokes) to improve thermal contact. The heating 
chamber was then evacuated for a minimum of 2.5 minutes followed by 
flushing with nitrogen at a flow rate of 3 litres/min for at least 2.5 
min, The glow curve and background were collected. Heating was 
terminated at about 500°c because black-body radiation caused 
saturation of the TL equipment beyond this temperature. 
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TABLE 3.15 

Instrument settings used in this research 

System A 

PMT High Voltage +1000 

Linear Amplifier: 

Gain 76 x 

Input Negative 

Output Positive, Unipolar 

Shaping Constant 0.5 microsec 

Heating Rate 7.9 deg C/sec 

System B 

-1600 

110 X 

Positive 

Negative, Unipolar 

0.5 microsec 

5 & 8 deg C/sec 
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MCS Gate Time 60 msec/channel 100 & 60 msec/channel 

Single Channel Analyser 1.25-10 V 

Ratemeter: 

Linear Range to 10E+6/sec 

Time Constant 0.3 sec, at> 10E+5--0.03 sec 

In most readouts, I normalized the results by dividing the TL 
output (minus background) by sample mass to yield TL in counts/mg. 
The following normalization procedure was used for some samples. When 
the samples cooled to room temperature, they were removed and exposed 
to a standard dose of beta radiation to normalize differences in TL 
resulting from differences in trap density. After annealing at 120 °c 
for one minute, I ran the samples using the procedure described 
above. 

Plateau Measurement 

A computer program was developed to calculate and display 
plateaus. Plateaus could be calculated in either of two ways: 
NTL/ATL or NTL/(TL[A + N] - NTL). Input data required were appropri
ate glow curves and their backgrounds stored on disk. All curves 
were smoothed before background subtraction and then the plateaus 
were calculated, stored, and displayed. 

_I used only the ratio of NTL to ATL for calculating plateaus 
where NTL and ATL were equal in the region above 350°c. Although 
probably not necessary in this study because quartz generally has 
first-order kinetics, McKeever (1979) indicates that this is the only 
way to obtain meaningful plateaus from materials which exhibit non
first-order kinetics. 
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Estimation of the Archaeological Dose (ED+ I) 

The ED was determined by 
curve versus the applied dose 
curve backwards yields the ED 
The same procedure was used for 

constructing a plot of the NTL buildup 
(Figure 3.14). Extrapolation of this 

at the intercept with the dose axis. 
determining I. 

The determinations were simplified by using Minitab, a statis
tical computing system. TL outputs in counts/mg were regressed on one 
predicator, beta dose (Gy). This gave they intercept (counts/mg) at 
O dose and-the slope of the linear regression line. Regressing the 
beta dose on one predicator in the TL output gave the x intercept (ED 
and I for NTL and ATL buildup curves respectively). In addition to 
the linear regression equations, Minitab gives the errors (one std 
dev) for all values. Other useful statistical values include the 
coefficient of determination (R-squared), t-ratio, mean square (MS), 
degrees of freedom (DF), and sum of squares (SS) for F-value calcula
tions, the Durbin-Watson statistic, and predicated values from the 
regression equations. 
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Error Analysis 

buildup curves used in TL dating of quartz. 
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dose) when I and I are equal. 
0 

The TL age equation is 

1000 (ED + I) 
TL age (3. 3) 

D 

where age is in years, ED and I in Gy are the equivalent beta dose and 
supralinearity correction respectively, and D is the ef~ective dose 
rate in mGy/a. D is composed of dose rates from beta, gamma, and 
cosmic radiation: DA+ D + D . 

P y C 

/' 



;;;,-' 

;. 

;;,,. 

"' 

.\ 

'r 

.. 

150 

The beta and gamma dose rates, D + D, were evaluated by gamma
ray spectroscopy, and the cosmic-ray d~se tate, D, is that given by 
Prescott and Stephan (1982) equal to 0.185 ± 0.01! mGy/a. Note that 
this is only applicable fo2 latitudes above 35°, at sea level, and at 
a burial depth of 100 g/cm The beta dose comes from U, Th, and K, 
and therefore, 

DP = Dp,u + D~,Th + Dp,K· (3. 4a) 

However, this dose rate must be corrected with the corresponding beta 
attenuation factors, b, (Mejdahl 1979) which gives 

DP= buop,u + bThD~,Th + bKDp,K· (3. 4b) 

Note that the dose rate can be corrected further with factors which 
consider the beta dose attenuation due to etching (Bell 1979a). I did 
not do this for reasons discussed below. The gamma dose rate follows 
as 

D = D + D + D . 
y y,U y,Th y,K 

(3. 4c) 

The dose rates are calculated from the U, Th, and K contents deter
mined by gamma-ray spectroscopy (Table 3.4) and the corresponding 
dose rate factors of Bell (1979) and Aitken (1983) found in Table 3.3. 

The U, Th, and K values in Table 3.4 have associated errors 
std dev) which include those from counting statistics and 
calibration standards. The dose-rate error, S = one std dev, 
then be for beta, 

2 
(0.146SU)

2 
+ (0.0286STh)

2 
+ 

2 
(Sp) = (0. 830SK) , (3.5a) 

and for gamma dose, 

(S / = (0.115SU)
2 

+ (0.0514STh)
2 

+ 
2 

(0 .241SK) , 
'Y 

(3. Sb) 

and for the cosmic dose, 

2 2 -4 
(S ) = (0.011) = 1.21 X 10 , 

C 
(3. Sc) 

which gives a total dose-rate error (SD) of 

2 (Sp) 2 + (S ) 2 + (S ) 2 (S ) = 
D 'Y C 

(3. 6) 

(one 
the 

will 

The error in the archaeological dose, 
standard deviations of ED (S ), and I 
plus the calibration error, S~D 

1
, of the 

p,ca 

AD =ED+ I, includes the 
(S ), calculated by Minitab 
beta source, 

(SAD)2 = (SED)2 + (SI)2 + (SP,cal)2 

The TL age is then calculated, 

TL age 
lOOO(AD ± SAD) 

D ± SD 

(3. 7) 

(3. 8a) 
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which gives: 

1000 AD 

( r 
(SAD) 

2 
(SD) 

21) 1± +-- . 
(AD) 2 D2 

(3. 8b) 
D 

The percent error in an age is, 

TL age--% error= (SAD/AD) x 100. (3. 9) 

Calibration of the Beta Sources 

I used two beta sources, both 
90

sr-Y, for irradiating quartz in 
this research: (Source A) a plane-surface source, type SIP13, from the 
Radiochemical Centre, Arnersham, E~gland, with a nominal activity of 40 
mCi and an active area of 1 cm, (Source B) a plane-surface source, 
type NER-9073, from New England Nuclear, Boston, Massachusetts, with a 
nominal activity of one mCi and an active diameter of 9.0 mm. I 
mounted these sources in housings (Figure 3.15) at a source to pan 
distance of 1.50 cm for Source A and 2.00 cm for Source B. 

I used quartz for comparing the activity of a standard Co-60 
source with the activity of the beta sources because this avoids the 
problems of differences in electron stopping powers if a different TL 
phosphor is used. I crushed Ottawa Standard Sand (Arthur H. Thomas 
Co.) with a mortar and pestle and sieved it to two size fractions, 
90-125 and 125-180 µrn. Separates were washed on the screens with cold 
water and dried overnight at 35°c. The quartz was annealed at 7oo

0
c 

for 20 hours, cooled quickly, and etched for one hour in concentrated 
HF. 

Separates were then split into roughly one gram portions and 
sealed in 3 x 3 cm light-tight plastic bags. Identical portions were 
saved for beta irradiation. 

The quartz was irradiated at Wakari Hospital with a medical Co-60 
source which was calibrated to within 1% (one std dev). The dose rate 
from this source was 1.33 Gy/min. Four bags of quartz--two each of 
90-125 and 125-180 µm--were irradiated at one time. Irradiations were 
done from one direction behind a 0.5 cm thick quartz absorber with 
another identical absorber holding the bags tightly against the first 
absorber. This set-up gave secondary electron equilibrium which is 
important when using quartz (or any phosphor) for calibration purposes 
(Bell 1980a, 1980b). Three separate irradiations were done at 5.00, 
10.00, and 15.00 Gy. 

I weighed the irradiated samples (- 5 mg) into aluminium pans for 
TL readout as described above. Unirradiated samples were weighed in 
the same way and exposed for a known time to the beta sources. 
Irradiation times were selected to give TL outputs between those from 
the 5.00 and 15.00 Gy standards. Each pan was run only once for TL 
and background and was not re-irradiated. TL glow curves were 
integrated in the temperature interval of 365-430 C and normalized 
using TL/mg. 

2 
TL output data were fitted to a quadratic equation, y =A+ Bx+ 

ex, where y = dose; A, Band C = constants, and x = (counts/mg)/1000. 
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I then substituted the beta TL outputs into the equation and calcu
lated the dose. The dose divided by the irradiation time (min) gave 
the dose rate from the beta source in Gy/min. 

The calibration for Source B was checked by using Caso
4

:Dy 
prepared and irradiated with 0.01 Gy using a Cs-137 source at the 
National Radiation Laboratory (Robertson and Tucker 1980, Robertson et 
al. 1981). Unirradiated Caso

4
:Dy was also supplied for beta irradi

ation. The TL method used was similar to the quartz standardization 
except the peak area integrated was from 187 to 356°c. 

Since only one gamma dose was available, the standardization 
procedure was essentially the reverse of that above. I normalized the 
TL outputs of the beta irradiated samples to the average of the gamma 
irradiated samples. The TL output data for beta irradiated phosphors 
were described by a linear equation, y =A+ Bx, where y = irradiation 
time in sec, A and B = constants, and x = TL output in counts/mg. The 
mean TL output of the gamma irradiated samples was then substituted 
into the equation to get the seconds of exposure which corresponded to 
0.01 Gy. This was converted to mGy/min. 

.,/ 
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Dete?:Inination of the Effects on TL f'rom Crushing Greywacke 

I used two greywacke samples (W02/14, LHF3) from different areas 
for these measurements. A portion of each sample was crushed and the 
< 600 µm separate retained. A similar volume of rock for each (small 
pieces) was not crushed. I annealed the samples in a muffle furnace 
for two hours at 600°c and then shut off the oven, letting it cool to 
300°c over a two hour period. Samples were removed, cooled to room 
temperature, and put in plastic containers (12 x 8 x 5 cm) for 
irradiation. 

The samples were irradiated using the Co-60 radiotherapy source 
at Wakari Hospital. I made no attempt to give the samples an accurate 
known dose because of the problems associated with irradiating thick 
samples. Each sample, however, was irradiated for an equal time on 
each side and the W02/14 samples received identical doses as did the 
LHF3 samples. Radiation doses were roughly 10 Gy. 

The whole rock samples were crushed and pulverized as described 
above. This was followed by sieving in several size ranges and 
magnetically separating as described above. I treated the small 
portions of the magnetic separates which were mainly quartz with 
concentrated HF (- 5 ml) for 20 minutes and then added AlC1

3 
(20%) to 

a total volume o! 40 ml. The beakers were placed in boiling water 
until the solution cleared (Carriveau 1977). The solutions were poured 
off, followed by rinsing with distilled water, ethanol, and acetone. 

I weighed the quartz separates for TL readout in the same manner 
as for other samples. 

In addition, I prepared greywacke ovenstones for TL dating which 
had been fired for a hangi while excavating at Limestone Hills in 
1982. The TL age of these ovenstones should be zero if there were no 
enhancements in age from crushing. Samples for gamma-ray spectroscopy 
and TL analysis were prepared in the same way as described for other 
TL samples. 

Preparation of Pottery Sample, P23A04, for TL Dating 

I obtained pottery samples of known 
Research Laboratory for Archaeology and 
University, in 1977 with the intention of 
calibration of TL equipment. 

age from Ian Bailiff at the 
the History of Art, Oxford 
using them for checking the 

I removed the outer 2 mm of the sherd by grinding on a carborun
dum wheel. The sherd was immersed in liquid nitrogen until bubbling 
stopped, and then it was crushed in a vice which had lead plates added 
to the jaws. The sample was caught in a plastic box below the jaws. 
The crushed sherd was sieved using 104 and 250 µrn sieves. The 
portion> 250 µrn was recrushed using a mortar and pestle. No 
grinding was done--only gentle crushing followed by sieving. I 
washed the 104-250 µrn portion with distilled water and then etched for 
20 minutes with cone HF. The sample was then rinsed with dilute HCl, 
distilled water, dilute acetic acid, ethanol, and acetone. The 
techniques of weighing individual samples and TL readout were the same 
as described for ovenstones. 
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Effect of Hydrof1uoric Acid Etching on Quartz 

I mounted etched quartz grains on glass slides by sprinkling the 
grains onto the slides which had been smeared with oil of cedar. The 
quartz grain images were projected onto the screen of a Nikon Profile 
Projector, Model V-16A at lOOx magnification. Circles photocopied on 
a plastic sheet representing grains with diameters of 90, 180, 215, 
250, 300, and 350 µm were compared with the smallest cross section of 
quartz grains. These diameters would correspond to grains which could 
pass through sieve meshes of the same size. I counted 100-200 grains 
for each sample. 

I calculated etching depths by taking the mean of the range of 
the unetched grain sizes and subtracting the value of the etched grain 
sizes. This value was determined by finding the size range where 50% 
of the grains were located and determining how far along in this range 
50% of the grains were located. 

RESULTS AND DISCUSSION 

Ca1ibration of Beta Sources 

Glow curves of quartz grains irradiated with a Co-60 gamma source 
are shown in Figure 3.16. Two peaks can be seen at 325 and 375°c. 
The 375°c peak was integrated in this calibration because it is least 
affected by any pre-dose effects (Aitken and Fleming 1972). In my 
calibration, however, no quartz sample was used more than once 
because samples were normalized by determining TL/mg rather than using 
a second beta irradiation. 

I 
Wagner and Pernicka (1982) have pointed out the advantages of 

using quartz rather than a TL phosphor such as CaF or LiF. These 
advantages include: not having to use conversion factors for the beta 
dose to a phosphor to that of quartz, no fading in the 375°c glow 
curve peak, and the use of higher doses. 

Two of the reasons for not using quartz have been its low sensi
tivity and poor reproducibility (Aitken 1979a). Low sensitivity, 
however, is not really a problem and can be an advantage where a 
medical Co-60 source is used because of their high activities. Also, 
reproducibility does not seem to be a problem. For example, I found 
the mean standard deviation to be only 3.8% (17 samples) for the TL 
results from the 90-125 µm samples exposed to 5, 10, and 15 Gy. It is 
likely that the errors would have been even less if the calibration 
had been done after the temperature controller was improved by 
installing a temperature stable operational amplifier in the voltage 
ramp. 

The TL output showed a superlinear increase with increasing dose. 
The equation describing the TL from the gamma doses to the 90-125 µm 
quartz is, 

2 
Dose (Gy) = 1.99 + 1.39([TL/mg]/1000) - 0.0335([TL/mg]/1000) , (3 .10) 

with R-squared = 99.7%. Substituting the means of TL/mg for the beta 
doses results in a beta dose rate from Source A of 1.8~ Gy/min. The 
error associated with this standardization is 5.05% which includes the 

,/ 
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FIGURE 3.16 
(A) 5.00 Gy, 

TL glow curves for Ottawa Standard Sand irradiated with 
(B) 10.00 Gy, and (C) 15.00 Gy of gamma rays from C0-60. 

Curve Dis the background "red-hot" glow. 

\ 
errors from Equation 3.10, (errors for coefficients are computer 
calculated), beta source TL, and the Co-60 source. This error com
pares with that of 5% which is generally assumed for the calibration 
of beta sources, whether or not the error has been determined (Aitken 
and Alldred 1972). 

Similarly, I determined the dose 
Gy/min. Table 3.16 gives the dose 
research. 

rate in Source B of 0.0355 
rates determined for this TL 

Note that the line described by Equation 3.10 does not have a 
zero intercept, but there is no reason to expect that it would given 
three sets of data points with the nearest being at a dose of 5.00 
Gy. Equation 3.10 is, of course, specific to the experimental 
conditions used; that is, the beta source calibrations only apply to: 
quartz in the grain sizes indicated, irradiation in the specified 
source holders to quartz on the pans described, and to a monolayer of 
quartz in the heating pans. 

· The dose rates for the 125-180 µm quartz grains are slightly less 
than those for 90-125 µm grains whereas the reverse would be expected 
(Wintle and Aitken 1977). The differences may be due to grain 
transparency (Bell and Mejdahl 1981). The differences, however, are 
not significant and only give greater confidence in the calibration 
results. 

// 
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TABLE 3.16 

Dose rates to quartz on aluminium pans from the 
90

sr-Y beta sources 

Grain Size (pm) 

90-125 

125-180 

Notes: 

Source A (Gy/min) 

1.88 ± 0.09 

1. 86 + 0 .12 

1. Errors are one standard deviation. 

2. Calibration in December 1983. 

Source B (mGy/min) 

35.5 ± 2.2 

34.6 + 2.2 

3. Source A is mounted 1.50 cm above the heating pan surface; 
the source to pan distance for Source Bis 2.00 cm. 

The calibration of Source B was compared to the results from a 
10 mGy standard dose to Caso

4
:Dy. Laboratory doses between 20 and 30 

seconds gave TL outputs (counts) described by the equation, 

Seconds 
-6 

0.117 + 6.75 x 10 x counts, (3.11) 

with R-squared = 98.8%. Substituting the TL output of the 10 mGy 
standard into Equation 3.11 results in seconds being equal to 18.0. 
Since this is the number of seconds which Source B requires to equal 
10 mGy, the dose rate is 33.3 mGy/min. This dose rate to Caso :Dy 
must be corrected for the difference in electron stopping powers irom 
that of quartz. Smith and Prescott (1981) have calculated this 
difference to be 1.02 times greater in quartz. Robertson (pers. 
comm.) determined the fading to be 5%. Therefore, the corrected dose 
rate to quartz equals 35.6 mGy/min. This value agrees closely with 
those shown in Table 3.16. 

I conclude that quartz (and Ottawa Standard Sand specifically) is 
a satisfactory phosphor to use in calibrating beta sources. Smith and 
Prescott (1981) also found the quartz standard supplied by Pernicka 
and Wagner (1979) ·agreed closely with calibrations using Caso

4 
and 

fluorite. Bell and Mejdahl (1981), however, found this quartz 
supplied by Merk to give a low calibration value although they did not 
specify the annealing conditions which could have some effect on the 
result. 

Based on experience in this calibration, I recommend three 
separate closely spaced standard doses of, for example, 8.00, 10.00, 
and 12.00 Gybe given to quartz. Three doses are needed to determine 
the shape of the standard curve. Only one dose (minimum of five 
samples) needs to be given from the beta source; this dose must give a 
TL output between the' extremes of the standards. __ 

Having given a recommended method for calibrating a beta source 
using quartz, I will now state that it is probably not good practice 
to base the beta source calibration on any one quartz sample. Bell 
and Mejdahl (1981) have shown beta source calibrations vary up to more 
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than 30% depending on the quartz sample used. This is due to differ
ences in grain transparency: quartz fired at high temperatures (> 
700°C) is more transparent than quartz fired at lower temperatures. 
They, therefore, state " ... it is mandatory to determine the apparent 
source calibration factor for each individual sample or in some other 
way to circumvent the problems associated with the transparency 
effect." 

That is much easier said than done because of the problems 
associated with using a gamma source. I had to use a once-calibrated 
beta source because of the problems with using the only available 
Co-60 source. This medical source was for patient use which only 
allowed calibrations to be done on operators' noon or after-work 
hours--a fact which does not make for happy operators. It would be 
possible to store a large number of samples and irradiate them at one 
time. Calibration of the beta source in this instance would best be 
done by matching TL outputs from gamma and beta irradiated samples. 

The Ottawa Standard Sand which I used for calibration was shiny, 
i.e. highly transparent. Quartz from ovenstones had roughly a 2:1 
ratio of shiny to frosty grains presumbly because of the high firing 
temperatures. It must be concluded, however, that there will be some 
unknown error introduced by using a once-calibrated beta source. This 
error may be negligible because I used a monolayer of quartz. Benko 
(1983), for example, found no detectable beta dose-rate dependence on 
grain transparency when a loose monolayer of quartz was used. 

Effects on TL From Crushing Greywacke 

Comparison of Crushing Before and After Irradiation 

Crushing frozen greywacke stones by using a jaw crusher has no 
significant effect on the total dose determined by using TL from 
quartz (Table 3.17). Although the dose measured by TL was not 
affected by crushing, the NTL was reduced by crushing, For example, 
the W02/14 sample which was crushed before irradiation gave a TL 
output of 11684 ± 269 counts/mg, and 8964 ± 291 counts/mg when crushed 
after irradiation--a loss of 23%. Similarly, the LHF3 sample NTL was 
reduced 45% by crushing. These reduced TL outputs were compensated by 
a reduced sensitivity to laboratory irradiation which resulted in the 
determination of the same total dose. Crushing is an acceptable and 
simpler method of obtaining quartz than the method which Zimmerman 
(1976) used to obtain quartz from granite. He sliced granite into 
thin sheets and then dissolved these sheets with HF leaving quartz 
behind. 

The Hangi - Dating of Ovenstones of Zero Age 

I determined an equivalent beta dose of -0.174 ± 0.160 Gy and an 
intercept value of 0.256 ± 0.0124 to give a TL age of 21.5 ± 42.2 
years. The low values in the NTL (essentially zero) present 
difficulties in measurement because the sample over background values 
are small and prone to large errors. The slopes of the NTL and ATL 
buildup curves were 184 ± 12 and 203 ± 6 respectively. Though the 
slopes are different, the determined TL age indicates crushing has 
little or no effect on TL ages obtained using the dating method in 
this research. 
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TABLE 3.17 

Comparison of TL results for greywacke samples crushed before and 
after irradiation 

Sample 

W02 

LHF3 

Total Dose Received (Gy) 

Crushed before irrad. 

12.44 ± 2.47 

9.76 ± 0.61 

Crushed after irrad. 

11.65 ± 0.58 

9.81 ± 0.14 

Note: Errors are one standard deviation. 

Glow Curves, Plateaus, and Anomolous Fading 

% Change 

-6.3 

+0.5 

Some representative glow curves of etched quartz from greywacke 
ovenstones are shown in Figure 3.17. The glow curves are similar to 
those obtained by other TL researchers (see, for example, Fleming 
1966, 1970). The glow curves appear to be made up of at least two 
principle peaks at 325 and 375°c (Fleming 1979). Plateau tests on the 
samples presented in Figure 3.17 are shown in Figure 3.18. Note that 
different ATL glow curves than those in Figure 3.17 were used. The 
plateaus are well defined. In general, the plateaus begin at lower 
temperatures than those discussed by Fleming (1979). Mejdahl and 
Winther-Nielsen (1978) and Wright (1979), however, have obtained 
plateaus in a comparable temperature range. One reason for the low 
temperature plateaus in ovenstones must be the relatively short time 
since firing compared to most pottery. Fleming (1979:4) indicates a 
lifetime of about 10,000 years for TL at around 300°c in the glow 
curve. I found plateaus for most ovenstone samples to be good to 
roughly 440°c. At this point the black-body radiation dominates any 
TL signal from samples. 

I did anomolous fading tests (Wintle 1973, Fleming 1979:69-72) on 
two quartz samples by storing irradiated samples for up to five 
months. I found no significant fading (one std dev) for samples 
W02/14 and LHF3 when integrating in the glow curve regions of 300-440 
and 320-430°c for the respective samples. Since all greywacke oven
stones have a similiar origin and composition in South Canterbury, it 
would be expected that other samples dated in my research would also 
not be susceptible to fading. 

TL Age of Pottery Standard F23A04 

I picked this sample for my research because it corresponded to 
the oldest dates expected in New Zealand and had dose rate information 
with it. I corrected the beta dose rate for beta attenuation and 
etching depth. The total dose rate of 3.64 ± 0.18 mGy/a was made up 
of a beta plus gamma-ray dose rate of 3.49 mGy/a along with an assumed 
cosmic-ray dose rate of 0.15 mGy/a. A good plateau was obtained from 
340-430°c (Figure 3.9); this was used for ED and I calculations. ED 
and I were determined to be 3.18 and 0.12 Gy. The date of manufac
ture provided by Oxford University was 1020 ± 60 AD corresponding to a 
TL age of 960 ± 60 years before 1980. I determined a TL age of 906 ± 
106 years. The ages agree closely giving confidence to the inclusion 
method of dating at the University of Otago. 
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FIGURE 3.17 Representative glow curves of quartz from greywacke oven
stone sampies: (a) T0/3, (b) WOS/36, and (c) DL0/3; (A) NTL, (B) ATL, 
(C) background "black-body" radiation. 
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The TL ages for ovenstones are given in Table 3.18. Comments on 
the dating of each sample follows. 

TO 

The TL age of 620 ± 92 years probably represents a maximum age 
for this sample, because the etching depth was only about 2 µrn which 
leaves some alpha dose radiation which has not been included in the 
calculations. I integrated the glow curves over two different temper
ature intervals (see glow curves in Figure 3.17). The interval used 
for the age in Table 3.18 was 300-420°c. The glow curve interval of 
335-440°c gave a TL age of 634 ± 100 years, a difference of only 2.2%. 
The plateau test (Figure 3.18b) indicates the most stable region of 
the glow curves to be from 330-435°c, but it makes little difference 
on the age to extend this region to 300°c. 
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FIGURE 3.18 Plateau tests for samples: (a) T0/3, (b) WOS/36, and (c) 
DL0/3. (Glow curves are given in Figure 3.17). 
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TABLE 3.18 

Dose rates and TL ages for greywacke ovenstones 

Dose Rates (mGy/a) 
AD (Gy) 

Beta+ Gamma 
Sample Grain Cosmic Total ED I TL Age 

Size (pm) u Th K 

T0/3 90-125 0.496 0.930 2.163 0.185 3.77 ± 0.07 2.05 0.29 620.± 92 

AS0/2 250-355 0.524 0.800 1. 919 0.185 3.43 ± 0.04 1. 45 0.81 659 ± 117 

DL0/3 90-125 0. 611 0.732 2.422 0.185 3.95 ± 0.07 2.00 1. 06 775 ± 174 

DL0/3 180-355 0.586 0. 712 2.316 0.185 3.80 ± 0.07 1. 93 0.64 676 ± 132 

DL0/3 180-355 0.586 0. 712 2.316 0.185 3.80 ± 0.07 1.25 1. 41 700 ± 90 

W05/36 180-300 0.553 0.736 2.734 0.185 4.21 ± 0.10 1. 42 0.54 466 ± 72 

SD0/7 250-355 0.605 1. 042 2.460 0.185 4.29 ± 0.04 1. 01 0.10 259 ± 35 

LHTO 250-355 0.564 0.806 2.460 0.185 4.00 ± 0.08 448.95 14.20 115787 ± 29514 

LH/F3 250-355 0.674 0.930 2.902 0.185 4.69 ± 0.08 1. 66 0.25 407 ± 108 

Note: The TL ages are in years from the time of measurement (1984) . The ages in years before 1950 are 
given in Table 3.21. Sample LH/F3. is from oven LH0-2. 
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The age in Table 3.18 was calculated by using an intercept 
determined on quartz which was annealed at 500°c. for one hour. I 
ran another ATL series using the samples from the NTL series so these 
were annealed only in the glow oven in the course of TL readout. In 
this instance the intercegt was 0.035 Gy, giving a TL age of 554 years 
calculated on the 300-420 C glow curve interval. Integration of the 
335-440°c interval gave an identical age. I believe the ATL series 
using the 500°c anneal for one hour produces more reliable results 
because it is more likely to erase any prior irradiation history. 
Hence, I have listed the TL age of 620 years in Table 3.18. 

I also ran another TO sample. This one, however, was from whole 
rock which was crushed and pulverized rather than just crushed as 
above. All other sample preparations were identical to the crushed 
sample. The NTL series gave an ED of 1.08, and I (intercept) from the 
ATL series was 0.11 Gy to give a TL age of 315 years. Since the 
crushed only sample gave a TL age of 554 years, it is apparent that 
crushing and pulverizing whole rock is not a good way to prepare 
samples. I, therefore, recommend whole rock be crushed only to yield 
quartz for TL samples. 

ASO 

A plot of TL output versus beta dose is shown in Figure 3.19. 
There is a large error in the NTL mean because of the low TL output. 
The NTL and ATL buildup curves have nearly the same slope (the differ
ences are not significant). The integrated area of the glow curves 
was 340-440°c. The 260-410°c interval gave a TL age of 629 ± 87 
years~-a difference of 4.8%. The plateau was fairly constant from 
250-440°c, although low TL output resulted in a greater scatter than 
usual. 

DLO 

DLO results are from three independent sample preparations: 1. a 
90-125 µm separate which was obtained from whole rock frozen in liquid 
nitrogen for crushing, 2. a separate of 180-355 µm grain size pre
pared as in 1 (above), and 3. a quartz sample of 180-355 µm diameter 
extracted from whole rock which was frozen at -18°c for crushing. 

Glow curves and plateau test are shown in Figures 3.17c and 
3.18c,respectively. A plot of counts/mg for the NTL and ATL buildup 
curves versus beta dose is given in Figure 3.20 for the 180-355 µm 
quartz grains from whole rock frozen in liquid nitrogen for crushing. 

The values for ED and I vary considerably between samples, but 
the ADs and more importantly, the TL ages are not significantly 
different. There does not appear to be any advantage in using liquid 
nitrogen compared to freezing at -18°c. Although I have no results 
from crushing unfrozen ovenstones, I feel that freezing before 
crushing helps to minimize crushing effects. 

There is likely to be some unknown dose-rate error for the 90-125 
µm grain size, because some of these grains will be broken down from 
larger grains. Also, in this sample (and all others), no account has 
been taken of the lowering of the beta dose from etching. Bell 
(1979a) has calculated the beta dose reduction by HF etching for 100 

µm quartz grains. Only the uranium and thorium series need to be 
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FIGURE 3.19 NTL and ATL buildup curves for quartz from greywacke 
ovensto~e sample AS0/2. 

I 

800 

Ol 
E 
vi 600 
u -
I-
::::> 
0.... 
I-
::::> 
0 400 

_J 

I-

/ 
200 

2 1 0 1 2 3 I. 

ED I BETA DOSE (Gy) 

FIGURE 3. 20, NTL and ATL buildup curves for quartz from greywacke 
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considered because the K-40 beta dose reduction is negligible. The 
etching depth for the 90-125 µm sample was 12 µm (Table 3.19, page 
170)) which reduces the beta dose by factors of 0.90 and 0.92 for the 
thorium and uranium series respectively. The dose rate for this 
sample considering the etching effect is 3.90 Gy/a compared to 3.95 
Gy/a when ignoring the reduction. This is a difference of 1.3% which 
is certainly negligible for this sample. This difference will be even 
less for larger grains which I used in this research. 

For the 90-125 µm grains, I ran an ATL buildup series (second 
glow series) on the NTL series which had been read out. This series 
gave an I value of 0.95 ± 0.14 Gy/a compared to the furnace annealed 
series value of 1.06 ± 0.28 (Table 3.18). These values are similar, 
but the slopes of the buildup curves are very different: 173 ± 85 
versus 391 ± 85 for the second glow series and buildup series on 
annealed samples, respectively. Note that the NTL series curve had a 
slope of 487 ± 112. No doubt there are sensitivity changes taking 
place (Fleming 1979:46-50), but these changes have little effect on 
the TL age being determined (Liritzis 1982). 

I also found the same phenomenon on another 
(results not presented) where I ran both second and third 
The sensitivity of the samples changed so the third glow 
slope 10.4% greater (significant change) than the second 
but the intercepts were nearly identical giving TL 
different . 

wos 

sample of DLO 
glow series. 
series had a 
glow series, 

ages 4.4 % 

A plot of the NTL and ATL buildup curves is given in Figure 3.21. 
Integrating in different glow-curve areas of 330-440°C and 280-395°c 
resulted in TL ages differing by only 1.7% (see plateau test in Figure 
3.17a). This is the only sample dated where I used silver pans 
exclusively. The advantages in using Ag compared to Al are: (1) a 
lower emissivity; hence, a lower background (A tygical background for 
Ag pans in the temperature interval of 330-425 C was - 1800 counts 
whereas Al pans had - 2600 counts.), (2) a higher reflectivity, (3) a 
better conductivity, and (4) greater resistance to oxidation. The 
main disadvantage is Ag's higher atomic number (Z = 47). The beta 
backscatter is greater than AL, Z = 13, (Murray and Wintle 1979, Bell 
and Mejdahl 1982) so any samples irradiated with a beta source on Ag 
must be compared with Al or preferably calibrated with a gamma source. 

I took advantage of silver's oxidation resistance and annealed 
the samples from the NTL buildup series which had been read out. The 
samples were annealed in a muffle furnace at 500°c for five minutes, 
and then were irradiated for the ATL build up series. Note--samples 
in Al pans cannot be annealed at 500°c in air because the Al forms a 
thermoluminescent oxide. Using the same samples for NTL and ATL 
reduces the number of samples which have to be weighed, although 
additional samples have to be prepared for the beta dose calibration. 
I compared the beta doses on Al pans with those on Ag pans using some 
of the same W05 quartz which was annealed at 50o

0
c. 

SDO 

This is the youngest oven which I dated and likely to be among 
the youngest ovens which require dating. For example, .ill!!!:!. ti as 
discussed in chapter 1 were not built after 1850 AD. There were no 
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FIGURE 3.21 NTL and ATL buildup curves for quartz from greywacke 
ovenstone sample WOS/36. 

particular problems with this sample. Quartz from greywacke heated 
only 250 years ago has a good TL signal so there is no reason to use 
the pre-dose TL method (Fleming 1973) as opposed to the inclusion 
method. I did attempt to date three ovenstones samples (DL0/3, LH/F3, 
WOS/36) using the pre-dose methods given by Aitken (1979b) and Fleming 
(1979:81-96). The attempts failed completely using both etched and 
unetched quartz. The maximum age obtained was 33 years! Attempts to 
date the same samples using electron spin resonance (ESR) also failed; 
no signals were detected (Whitehead pers. comm.). I did not pursue 
these techniques because the inclusion method was satisfactory. 

LHTO 

The TL age of 115,787 years for this sample needs some explan
ation! I was hoping to get a TL date for this oven because there was 
not enough charcoal for a radiocarbon date. This was the first oven 
excavated in my excavation programme. About halfway to the bottom of 
this oven we found many rabbit bones (see Figure 2.31w for a cross 
section) indicating this oven had been disturbed while burying 
rabbits. See also Figure 2.4 for a photograph of this site. We 
collected samples including ovenstones for gamma spectroscopy and TL 
analysis. I used one large stone for radioactivity and TL measurements 
(glow curves are presented in Figure 3.22). The old age for this stone 
indicates it was not an ovenstone at all, but must have been thrown in 
the oven when the rabbits were buried. Therefore, the TL age probably 
represents a natural fire and could be the result of only partial 
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FIGURE 3.22 Glow curves for quartz from greywacke sample LHTO: (A) 
NTL, (B) ATL for 18 6 Gy of beta radiation, (C) background "black-body" 
radiation. 

annealing; this would not have occurred in an earth oven because they 
would be too hot. For example, even the small ovens used by Gillies 

0 
(1979) had temperatures over 550 C. There are methods of deter-

mining firing temperatures (Carriveau 1974, Melcher and Zimmerman 
1977, Valladas 1980), but since the stone was obviously not an oven
stone, I did not pursue these investigations. 

LHF3 

The plateau test (Figure 3.23) indicates the stable region of the 
glow curve to be from 350-430°c. I determined the TL age of 407 
years based on the integration of this region (Table 3.18). If the 
region from 300-430°c is used, then the TL age is 415 years--a 
difference of 2.1%. This indicates that LHF3 quartz, as well as most 
other quartz from greywacke ovenstones, has a stable region beginning 
around 300°c. 

There is some question of the actual dose rate to quartz for this 
particular sample (see Table 3.14). The TL age is 463 ± 123 years if 
the dose rate based on gamma-ray spectroscopy and TL dosimetry is 
used. 

Discussion of Errors in TL Dates 

Effect of Hydrofluoric Acid Etching on Quartz 

Figure 3.24 gives the distribution of quartz grain sizes for 
three samples before and after etching. I assume that the grain sizes 
before etching are distributed evenly within the size range of the 
sieved separate. 

The etching rates for quartz from greywacke samples LHTO and DLO 
are much faster than that for Ottawa Standard Sand. This is true for 
all quartz samples from greywacke which I investigated (Table 3.19). 
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I will give an example of how the etching depth of sample LHTO 
was determined. It has 50% of the etched grains occurring 13/28ths of 
the distance in the 180-215 µm range corresponding to 196 µm. The 
unetched grains have a mean size of 303 µm giving a diameter reduction 
of 303 - 196 = 107 µm or an etching depth of 107/2 = - 54 µm. 

Although this method is only approximate, I feel it is better 
than weighing quartz before and after etching and then determining 
the layer removed by the weight loss. The weight loss method is 
based on the assumption that the quartz grains are spherical which 
they are not and that the etching depth is isotropic which may not be 
true (Bell and Zimmerman 1978). In addition, there is the problem of 
impurities (matrix, other minerals) dissolving quickly and giving a 
high weight loss. This last problem could be overcome by first 
etching in aqua regia (Beukins and Pavlish 1978) or HF to just 
dissolve nonquartz minerals. After drying, the quartz could be 
weighed, etched, dried, and reweighed. The problem of non-spherical 
grains still persists, but it could be partially overcome by using 
lapidary techniques, i.e. tumbling. 

Bell and Zimmerman (1978) using weight-loss experiments deter
mined an average loss of - 10 µm for 'frosty' quartz grains from 
baked clay of aboriginal fireplaces using a 40 min etching time. 
'Shiny' grains had an average loss of - 3 µm. They concluded that, 
"The etching rate can vary considerably between grains and the 
assumption of isotropic removal of material can be grossly incorrect 
for long etching times." Large differences in etching rates can 
result in some grains still retaining a large fraction of alpha 
induced TL which will result in an incorrect TL date. 

What length of time should quartz be etched to remove impurities 
and reduce the alpha dose to negligible importance? Aitken and 
Fleming (1972:50) assume that an 8 µm layer is removed for 60 minutes 
of etching (similar to that found for Ottawa Standard Sand in Figure 
3.19). Bell (1979a) indicates about one hour to be the best time, 
"for the majority of samples with a reasonable amount of potassium 
present (-1% K2o) and with a k value of the order of 0.05 ... ". Fleming 
when referring to quartz grains from pottery states that, "typically 
approximately a 6 µm layer is removed from the outer regions of the 
grains by 40 minutes of [HF] acid treatment. If this etching rate is 
typical for quartz, then quartz from South Canterbury is atypical! 
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FIGURE 3.24 Quartz grain size distribution for etched and unetched 
samples: (a) 125-180 µm Ottawa Standard Sand, (b) 250-355 µm LHTO, and 
(c) 180-355 µm DL0/3. 
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TABLE 3.19 

Etching times (min), depths (µm), and rates (µm/10 min) 
for quartz used in this research 

Etch 
Samp1e Grain HF Acid 

Size (µm) Cone. (%) Time Depth Rate 

ASa/2 250-355 40 40 32 8 

Hangi 250-355 40 30 7 2 

HVA/9 250-355 40 · 30 44 15 

LH/F3 250-355 40 50 19 2 

LHTa 250-355 40 40 54 14 

SDa/7 250-355 40 40 57 14 

DLa/3 180-355 40 30 39 13 

LH/B3 180-355 40 40 32 8 

HHa/2 250-300 40 50 23 5 

MPl/5 180-300 40 45 58 13 

MPl/6 180-300 40 40 62 16 

Wa5/36 180-300 40 40 15 4 

DLa/3 125-180 40 10 8 8 

ass 125-180 48 60 11 2 

LH/F3-C 90-125 48 20 3 2 

LH/F3-CP 90-125 48 20 8 4 

Wa2/14 90-125 48 20 3 2 

Wa5/36 90-125 48 20 3 2 

ass 90-125 48 60 6 1 

DLa/3 90-125 4 120 3 .25 

Ta/3-C 90-125 4 120 2 .12 

Ta/3-CP 90-125 4 120 3 .25 

Wa5/36 90-125 4 120 7 .5 
--
Notes: 

1. Etch depth and rate values with the exception 
of decimals are expressed to the nearest whole 
number. 

2. Samples labeled C and CP are crushed and crushed 

& pulverized, respectively. 
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My results (Table 3.19) indicate etching rates much faster than 
those presented in the previous paragraph for the majority of quartz 
extracts from ovenstones. Etching rates vary from 2-16 um/10 min. 
The etching times which I used could be viewed as safely reducing any 
effects of alpha induced TL. While that is true, the cost on TL 
output is too great (Table 3.20). The ATL outputs are also reduced in 
proportion to those of NTL. As the TL outputs decrease with etching 
depth, the error in measuring the TL increases. This leads to large 
errors in TL dates calculated from the data. I see this as the main 
cause of large errors in my TL dates. Therefore, short etching times 
with dilute HF should be used on quartz from greywacke. 

Added to this problem is the one of grain transparency. Etched 
grains show varying degrees of transparency which Bell and Mejdahl 
(1981) have correlated with firing ternperature--quartz fired over 
700°c has shiny grains, while firing to only soo 0

c gave frosty 
grains. I viewed the etched samples in Table 3.19 with a microscope 
and found both shiny and frosty grains in individual samples. The 
average ratio of shiny to frosty grains was roughly 2:1. Samples 
which were known to have high firing temperatures (presence of melted 
stone) did not have a greater proportion of shiny to frosty grains in 
contrast to the observations of Bell and Mejdahl (1981). Of course, 
it is likely that all ovenstones were fired over 700°c. 

I observed no extremes of shininess, but did observe very frosty 
grains in two samples, HH0/2 and HVA/9. Both samples could not be 
dated because the NTL values were erratic. They also displayed 
regeneration TL (Bowman 1976, Siona et al. 1983). Background values 
for HH0/2 and HVA/9 were three and six times greater than normal 
values respectively. For HH0/2, negative NTL values were obtained 
because the backgrounds were greater than NTL, and backgrounds 
collected a second time were greater than the first ones. I do not 
have a explanation for these results, but I think these samples might 
have been dated if etching conditions were not so severe. 

Furthermore, it is clear that most quartz samples I worked with 
were over-etched leading to low NTL and ATL outputs with correspond
ingly large standard deviations. I followed the etching recommenda
tions of Fleming (1970) and Bell (1979a), but belatedly discovered 
that they are not applicable to quartz extracts from greywacke 
ovenstones. Even 10 minutes of concentrated HF (40%) treatment is too 
much for most samples (Table 3.19). 

I recommend using diluted HF (possibly 5 N, 20%) for 10 minutes 
in a trial run. For quartz grains of> 200 µm diameter (also recom
mended), the main requirements for HF treatment is that it dissolves 
any extraneous minerals (eg. feldspars), adhering matrix, and the 
discoloured outer layer of quartz grains. An etching depth of 5 µmis 
adequate because the large size of the grains attenuates the alpha 
dose (Fleming 1979, Bell 1979a, 1980c). The etched grains should be 
investigated by microscope and the etching depth determined by the 
method I presented above. Etching trials on every sample should be 
done before any TL readout is attempted! 

In addition, to avoid errors in beta source calibration due to 
grain transparency, each sample should be calibrated using a gamma 
source (Bell 1980b, Bell and Mejdahl 1981). If this is impossible, a 
loose monolayer of quartz should be put into each heating pan (Benko 
1983) . 
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TABLE 3.20 

Variation in NTL with etching depth for quartz grains from 
greywacke ovenstones 

Sample Etch NTL Output Std Dev (%) 

Depth (µm) (cts/mg) 

W05/36 7 11379 ± 40 0.4 

15 241 ± 20 8.3 

DL0/3 3 13789 ± 140 1. 0 

12 1612 ± 406 25.2 

39 601 ± 83 13. 8 

Other Sources of Error 

172 

Smith and Prescott (1984) 
source of error. They observed 
from course grain quartz decreases 
also observed, 

have pointed out another probable 
that the scatter in TL measurements 

with time after irradiation. They 

... in some cases there is an apparent fading immediately 
after a laboratory irradiation ... this may not neces
sarily be due to the loss of charges from deep traps, 
but could be due to the transfer of some charges associ
ated with the 100° peak to higher temperature traps 
during heating. 

I was well aware of the need to store freshly weighed samples for 
about a day before readout to reduce scatter in measurements. For the 
majority of samples, however, I did not store for a day after irradia
tion and did use a 120°c anneal which could have transferred some 
charges to higher temperature traps. Note that the cautionary note 
from Smith and Prescott was published eight months after I finished my 
TL research. Many other TL researchers do not store their samples 
after irradiation, especially those who irradiate samples directly on 
the heating plate. Perhaps most of us will obtain better results by 
following the advice of Smith and Prescott. 

There is another possible source of error which must be 
considered. Huntly and Kirkey (1985) have noted a difficulty commonly 
experienced of poor sample reproducibility using 100 µm quartz grains. 
They state, "Because this occurs when there are several hundred grains 
per disc, it can be deduced that most of the TL must arise from only a 
few per cent of the grains." This is exactly what they observed by 
taking photographs of heated grains using an image intensifier. Also 
they noted different grains gave off most of their light in different 
temperature regions. Benko (1983) made the same observations. There 
may be no way to eliminate this problem, but I think etching amplifies 
it by reducing most of the light to fewer grains. I again recommend 
that quartz from greywacke ovenstones should be etched for short 
periods of time in dilute HF. 
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In conclusion, I believe the major 
my TL dates are over-etching and not 
after irradiation combined with using a 
stored for a day the anneal may not be 

sources of the large errors in 
storing the samples for a day 

0 
120 C anneal. If samples are 

necessary. 

Recommended Procedure for TL Dating of Greywacke Ovenstones 

1. Dose rate determination: Use gamma-ray spectroscopy for radio
element analysis and calculate the dose rates according to the methods 
I have given. 

2. Sample preparation: 

a. crushing and sieving: Follow the methods given, but crush and 
collect only the 250-300 and 300-350 µm fractions or, for example, the 
180-350 µm separate and resieve before magnetic separation. 

b. magnetic separation: Follow 
magnetic separator may be used, but 
separators. For best separation, 
passes at each increased amperage. 

the methods given. Any type of 
I recommend both Frantz and Carpco 
it is important to make several 

c. hydrofluoric acid etching: The 
is satisfactory, but etch with diluted (5 
minutes. Check the etching depth. 
diameters is the same as outlined above, 
to 50-300 µm diameters in 50 µm intervals. 

basic procedure which I used 
N?) HF for no longer than 10 
If the method of checking 
then use circles equivalent 

d. weighing quartz for TL analysis: Use the method given. Weigh 
a minimum of 12 samples each for NTL and ATL. It may be advantageous 
to treat each pan with diluted silicone oil and then,allow the solvent 
to evaporate for a day. Then quartz can be put intd the pans and the 
pans tapped to spread a monolayer of quartz. A maximum of 18 mg of 
300 µm grains or 15 mg of 250 µm grains should be used for the pan 
dimensions in this research. I recommend using no more than 10 mg. 
After weighing, samples should remain undisturbed for one day. 

3. Sample irradiation: A beta source calibration using a gamma 
source should be done for each series of samples. Attention must be 
given to electronic equilibrium conditions. Matching a dose of 10.0 
Gy should suffice. The samples should be stored for a minimum of one 
day after irradiation before they are read out. 

The minimum dose on the ATL buildup series should produce at least 
two-thirds of the NTL output. This is necessary to avoid the toe 
region of the curve. 

4. TL readout: Use the method given. The samples containing natural 
TL can be run after storing for one day, although it is better to run 
all samples for a particular TL date on one day to avoid any changes 
in equipment sensitivity. The PM tube and associated equipment 
sensitivity as well as the heating rate should be checked daily . 

5. Plateau measurement: Use the method in this research. 

6. Estimation of archaeological dose: The method a~ given can be 
used where the entire plateau region is integrated. An alternative on 
this would be the calculation of integrated regions every 20 deg from 

./ 



·, 

,· 

'>. 

w 

'., 

'/ 

;v 

j,_ 

174 

roughly 300 up to 440°c. Then determine the mean or error-weighted 
mean value (Aitken and Alldred 1972, Mejdahl 1982). This method will 
improve statistics. 

7. TL date and error analysis: Use the method which I have presented. 

COMPARISON OF TL AND C-14 DATES 

Radiocarbon and TL ages are given in Table 3.21. The TL ages 
have been adjusted to years before 1950 for comparison with C-14 ages, 
although TL dates normally use 1980 as the base year. The error
weighted mean of DLO results from Table 3.18 was calculated according 
to Aitken and Alldred (1972). 

All TL ages are less than the corrected C-14 ages when the mean 
ages of the ranges for the dates calculated according to McFadgen 
(1982) are considered. These results are not unexpected when one 
considers the conclusions of others who have shown C-14 dates to be 
too old by up to several hundred years in New Zealand (see discussion 
in Chapter 2). This is the first time in New Zealand that a dating 

TABLE 3.21 

Time of oven use determined by C-14 and TL dating 

Oven 

ASO 

DLO 

TO 

LH0-2 

W05 

SDO 

Notes: 

Uncorrected 

C-14 Age 

r 
951 ± 47 

863 ± 47 

821 ± 49 

666 ± 34 

392 ± 29 

< 250 

Corrected C-14 Age 

INS 

931 ± 49 

840 ± 52 

797 ± 50 

672 ± 35 

448 ± 30 

< 250 

McFadgen 

1060-740 

960-660 

930-620 

740-540 

545-325 

< 325 

1. All ages are in years before 1950. 

2. Uncorrected C-14 age uses Tl/2 = 5568 years. 
standard deviation. 

TL Age 

625 ± 112 

671 ± 71 

586 ± 88 

373 ± 100 

432 ± 67 

225 ± 31 

Error is one 

3. Institute of Nuclear Sciences (INS) C-14 age is corrected for 
secular equilibrium according to Michael and Ralph (1972). 
Error is one standard deviation. 

4. Age interval calculated according to McFadgen (1982) has an 
error of two standard deviations and is based on the correc
tions of Clark (1975). 

5. Error in TL age is one std deviation calculated by consider
ing the error in Table 3.18 as a percentage of the TL age. 
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method other than C-14 has been used for comparison. The C-14 dates 
are on average 200 years older than TL dates. I believe the TL dates 
represent a maximum age for these sites. 

All long-lived species (totara) give large differences between 
TL and C-14 ages, while shorter-lived species give either large or 
small differences (Table 3.22). Of course, the problem with C-14 
dates is that the tree is being dated and not the archaeological 
event. Few people collect fresh wood for fires and the Maori were no 
exception. They would have collected wood which was standing or 
fallen and dead for possibly hundreds of years. 

The calibrated charcoal dates calculated according to McFadgen 
are probably better than the other C-14 dates, but they still do not 
necessarily date the archaeological sites. In New Zealand archae
ology, I think TL dating can give more accurate dates than C-14 dating 
on charcoals. 

TABLE 3.22 

Difference in ages (years) for oven sites determined by C-14 dating of 
indicated charcoal and TL dating of ovenstones 

Difference In Ages (C-14 - TL) 
Oven Species 

Uncorrected INS Corrected 

ASO ~odocarpus totara/hallii group 326 ± 126 306 ± 122 

DLO Podocarpus totara/hallii group 191 ± 88 169 ± 88 

TO Hoheria/plagianthus group 235 ± 104 211 ± 101 

LH0-2 Podocar~ totara/hallii group 293 ± 113 299 ± 106 

W05 Myrsine australis, -40 ± 78 16 ± 74 
Hoheria/plagianthus group (m) 

SDO Coprosma ~' Nothofagus ~ (m) 

Notes: 

1. Uncorrected C-14 ages are calculated using Tl/2 5568 years. 

2. Errors are one standard deviation . 

3. (m) = minor amount. 

CONCLUSIONS 

Environmental dose rates determined both by gamma spectroscopy 
and TL dosimetry are similar. Therefore, dose rates for TL dating 
were calculated using U, Th, and K concentration results determined by 
gamma spectroscopy. 

I analysed 111 soil and stone samples from South Canterbury by 
gamma spectroscopy. Greywacke stones over the research area contained 



.~ 

'? 

!, 

:-

i 

·,+ 

-, 

t 

), 

l( 

176 

similar amounts of U, Th, and K with a "standard" composition of 2.45 
± 0.39 ppm U, 10.92 ± 1.03 ppm Th, and 2.33 ± 0.26 % K. Potassium 
contributes nearly two-thirds of the radioactive dose. Greywacke has 
a fairly homogeneous spatial distribution between quartz and radio
active minerals, with quartz having a negligible self dose. Because 
most of the dose is internal and also comes from closely packed stones 
in earth ovens, dose-rate calculations can be made assuming an 
infinite-medium greywacke. The effects of ground water and radon 
escape are negligible. 

Two beta sources for 
calibrated with a Co-60 
checked with caso

4
:Dy. 

measuring the TL sensitivity of quartz were 
source using TL dosimetry on quartz and 

I developed an "inclusion" method for dating ovenstones where 
quartz mainly in the 180-355 µm diameter region was used. Quartz 
grains of this size were not broken down during crushing making it 
possible to assess dose rates from beta radiation. Crushing effects 
were negligible and good plateaus were obtained for quartz from grey
wacke ovenstones. 

I found the TL equipment which was used in this research to be 
reliable. TL output was high enough for inclusion dating even with a 
sample dated to 255 years before 1980. 

Etching rates on quartz from greywacke were much faster than 
those normally encountered in TL dating. In fact, most of the quartz 
was over-etched leading to low TL outputs and large errors in TL 
dates. Therefore, etching trials should be done on quartz using 
dilute HF. The etch depth can be determined by a method presented 
above. 

I determined eight TL dates 
stone of unknown origin. The TL 

·years younger than comparable 
expected given that C-14 dates 
than the use of earth ovens. 

for earth ovens and one date on a 
ages for earth ovens were up to 300 

radiocarbon ages, but this is to be 
were for charcoal from trees rather 

Clearly, C-14 dates on charcoal or wood in New Zealand are 
unreliable. Law (1984) indicates that C-14 dating of marine shell is 
the answer. Where ovenstones are available and marine shell is not 
(eg., all the ovens in this research), I think the answer to reliable 
dates is TL dating. I see no major problems in obtaining routine TL 
dates with a standard error of - 8%. I have given a suggested TL 
dating method to achieve this. Since greywacke is so widespread in 
New Zealand (Figure 3.1) this method can be broadly applied. TL dates 
could help resolve an accurate prehistoric sequence for both the South 
and North Islands of New Zealand. 
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CHAPTER 4 

NUTRITION AND COOKING OF CORDYLINE AUSTRALIS 

INTRODUCTION 

Cordyline australis is the most common of the Cordylines in New 
Zealand and the main species available to southern New Zealand Maori 
in the present districts of Canterbury, Otago and Southland. The 
research reported in this chapter was directed towards answering 
several questions on the use of Cordyline as a food. 

Harvesting and cooking Cordyline in New Zealand was an important 
seasonal activity according to historical accounts as reviewed in 
Chapter 1. An investigation of this activity led to the major problem 
posed in this chapter--proximate analysis of£..,_ australis to determine 
its nutritive value. Was£..,_ australis worth eating? 

I collected£..,_ australis plants monthly for a year to determine 
the extent of nutrient variation with emphasis on the carbohydrate 
level. Seasonal collection gives a clearer picture of maximum and 
minimum nutrient levels. The ethnographic literature indicates that 
Cordyline harvesting was a seasonal activity for Maori. This brings up 
the second question investigated. Did this seasonal activity corres
pond with the maximum nutrient levels, especially carbohydrate, in£..,_ 
australis? If so, then the Maori must have been aware of changes in 
nutrition level in the plant. 

In general, non-structural carbohydrate reserves reach a maximum 
in the monocotyledons at flowering and decrease thereafter as seeds 
form (Archbold 1940, Whistler and Smart 1953). For example, Colin and 
Belval (1922) found fructans in the stems of wheat reached a maximum 
concentration at the flowering period, and Colin and Neyron (1927) 
noted a sharp rise in the fructan content in rhizomes of Asohodelus 
microcarpus during spring. Excellent reviews of papers dealing with 
seasonal changes in plant constituents have been written by Alden and 
Hermann (1971), Archbold (1940), Levitt (1980), Parker (1963), and 
Smith (1973). Archbold (1940) deals only with D-fructose polymers in 
monocotyledons, but the others discuss all plant constituents especi
ally as related to cold-hardiness. Given this background, it was 
expected that£..,_ australis would show a seasonal change in nutrition 
level. 

I investigated the problems above 
£..,_ australis plants employing standard 
(see, for example, Lees 1975; Osborne 
1981) . 

with the chemical analysis of 
techniques for food analysis 

and Voogt 1978; Egan et al. 

Previous research on £..,_ terminalis indicates that its roots 
contain a water soluble polysaccharide built up of D-fructofuranosyl 
and D-glucosyl residues in a ratio of about 14:1 (Boggs and Smith 
1956). A similar polysaccharide was expected in£..,_ australis because, 
as well as being a member of the same genus, its use as a food 
paralleled that of£..,_ terminalis. 

Much of the carbohydrate research reported in this chapter was 
done with high performance liquid chromatography (HPLC) using a Sugar 
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Pak I column. In the past five years commercial HPLC columns f~r carb
ohydrate analysis have become available. HPLC offers many advantages 
over classical analysis techniques. Modern HPLC with modern columns 
allows one to rapidly quantitate and identify multiple sugars directly 
in a single analysis. Ivie (1982) has presented some of the 
advantages of using a Sugar Pak I column for complex carbohydrate 
mixtures, and Vidal-Valverde et al. (1981) established chromatographic 
conditions with this column appropriate for the separation and quanti
tation of a mixture of sucrose, glucose, fructose, mannitol and 
sorbital. 

Extracted and hydrolysed ~ australis samples were successfully 
analysed with HPLC. I found~ australis to be a rich source of carb
ohydrate. Carbohydrate analyses revealed that there was a significant 
seasonal variation in non-structural carbohydrate levels in the stem 
but not in the root. The maximum amounts occurred in late spring and 
through the summer, indicating Maori were aware of the optimum 
nutritional level. The carbohydrate was found to be a polysaccharide 
identical to that of~ terminalis. The fructose accounted for its 
sweetness. 

Protein in the cabbage tree was analysed with the micro-Kjedahl 
method. The protein content was found to be equal to that of many 
fruits. The Kjedahl method does not give an indication of the protein 
makeup. The~efore, amino acid analyses were also done using HPLC 
where 18 amino acids were identified and quantified. I found protein 
quality to be slightly better than that of potatoes (Solanum 
tuberosum) by employing the essential amino acid index of Oser (1959). 

In addition to the proximate lipid analyses, standard gas 
chromatographic methods were used to identify the lipids (Dickes and 
Nicholas 1976). The roots and stems contained lipid levels compar
able to wheat bran and the top had values about four times higher. 
Lipid content in roots and stems reached a maximum in late autumn and 
winter. 

With the results from the analyses 
assess the quality of ~ australis as 
importance in the Maori diet. It would 
carbohydrate as common starchy plants 
less protein. 

outlined above, I was able to 
a food and consequently its 

have been as good a source of 
while providing more fat but 

Another research problem presented in this chapter is the 
question of the effect of cooking on ~ australis. Cordyline was 
traditionally cooked for long periods of time as discussed in Chapter 
1. I carried out cooking studies to specifically answer two 
questions: 1. Does it need to be cooked for several days, and 2. what 
are the results of cooking? 

In general, cooking food improves its taste, smell, appearance 
and possibly its digestibility. Cooking may also help to preserve 
food by killing moulds, yeasts and bacteria. Therefore, cooking may 
simply be defined as the heat treatment of foods carried out to 
improve the palatability, digestibility and safety of foods (Fox and 
Cameron 1982). 

Cooking of vegetable foods softens and partially breaks down the 
cellulose framework of the plant walls to release starch, mineral 
elements and vitamins. A popular method of cooking amongst Poly-
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nesians was steaming using an earth oven (Best 1924b). This was the 
method used by Polynesians for cooking ti. In moist heat cooking, 
nutrients may be lost by the leaching of water soluble nutrients. 
However, steaming results in a smaller loss of soluble matter than 
boiling; and steam under pressure reduces the cooking time because of 
the higher temperatures reached. Steaming has the advantage over dry 
heat in not destroying nutrients to the same extent. 

My cooking studies on £..:.. australis indicate long cooking times 
were necessary to break down the polysaccharide. During steaming, 
leaching of carbohydrates occurred. I also inferred that Cordyline 
was cooked only by steaming. 

Food is necessary for life as a source of energy and for the 
growth and replacement of tissue. The six groups of essential nutri
ents are: carbohydrates, fats, proteins, water, vitamins and minerals. 
The latter two were not determined in this study. Discussions on food 
and nutrition can be found in texts such as those by Braverman (1976), 
Potter (1978), Briggs and Calloway (1979), Eskin (1971), Fox and 
Cameron (1982), and Wilson et al. (1979). 

BACKGROUND TO CARBOHYDRATES, PROTEINS, AND LIPIDS 

An introduction to three nutrients analysed in this research will 
now be presented. This is followed by a presentation of recommended 
nutrient intakes. 

Carbohydrates 

Carbohydrates are important in the diet because they supply the 
major source of energy. They are the most abundant and widespread 
organic substances in nature and are essential constituents of all 
living things. The carbohydrates in the human diet are derived mainly 
from plant materials. An important exception to this is the milk 
sugar lactose. 

Carbohydrates are commonly divided into three major groups accor
ding to the size of their molecules: 

1. The simplest carbohydrates are called monosaccharides--the hexoses 
being represented by the general formula c

6
H

12
o

6
. Two of the most 

important members of this group (and for tliis research) are glucose 
and fructose. They are important as the units from which the more 
complex carbohydrates are built. The structure of a molecule of 
glucose is shown in Figure 4.la. Glucose is commonly found in fruits, 
vegetables, honey and blood. 

with 
the 
this 

Fructose, shown structurally in Figure 4.lb, is found together 
glucose in fruit, vegetables and honey. It is considered to be 

sweetest monosaccharide; this importance will be discussed in 
chapter . 

2. Disaccharides have the general formula, c
1 

H
2 

0
11

, and are formed 
by the union of two rnonosaccharide molecules wiih ihe loss of water in 
the condensation reaction: 

C6H1206 + C6Hl206 ~ Cl2H220ll + H20 
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FIGURE 4.1 Structures of some carbohydrates: (a) 
tose, (c) sucrose, (d) cellulose, (e) starch, and 
Jerusalem artichoke tubers, iris bulbs, etc. 

glucose, (b) fruf
(f) inulin found in 
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The most common disaccharide, sucrose, or table sugar, consists of one 
molecule each of glucose and fructose (Figure 4.lc). Another disac
charide, lactose, is formed by the condensation of glucose and 
galactose. Before the energy in disaccharides can be utilized by 
living things, the molecules must be broken down into their respective 
monosaccharides. This process, called hydrolysis is commonly induced 
by enzymes or boiling with dilute acids and is the reverse of the 
condensation reaction by which disaccharides are formed. 

3. Polysaccharides are condensation polymers built up from a large 
number of monosaccharide units which may be alike or different. The 
polysaccharides in foods are made up of monosaccharides containing six 
carbon atoms and have the general formula, (C

6
H

12
o

5
)n, where n repre

sents a large number. 

The most common polysaccharide is cellulose which is the 
principal structural component of plants. A single molecule can 
contain several thousand glucose units linked together (Figure 4.ld). 
It cannot be digested by man and most carnivorous animals because 
their digestive tracts do not secrete any enzyme capable of splitting 
~-(1-4) glycosidic linkages. For this reason cellulose and similar 
carbohydrates such as hemicelluloses have no nutritional value and 
pass through the body unchanged, providing only roughage. They are 
collectively termed dietary fibre and are "unavailable" carbohydrates. 

Another polysaccharide, starch, is the chief energy reserve of 
many plants. It is abundant in cereal grains such as rice and maize, 
and in tubers such as potatoes, cassava and yams. 

Glucose is the only monosaccharide obtained on hydrolysis of 
starch. Starch is a mixture of amylose and amylopectin (Figure 4.le). 
The glucose units in amylose are connected by a-(1-4) glycosidic 
linkages while amylopectin has both a-(1-4) and a-(1-6) glycosidic 
linkages. The amylopectin molecule is larger than that of amylose and 
may contain up to 100,000, glucose units. 

Some plants, instead of starch, for example, Jerusalem artichoke 
(Helianthus tuberosus), iris CI..:.. foetidissima), and rye (Secale), have 
energy reserve polysaccharides composed of fructose units rather than 
glucose (Archbold 1940, Lewis 1984, Meier and Reid 1982). Tanimoto 
(1939) also found that£..:.. terminalis contains a polysaccharide made up 
of mainly fructose. This and the work of Boggs and Smith (1956) formed 
the basis for the chemical investigations on £..,__ australis in this 
chapter. 

Proteins 

Proteins in food are essential to provide amino acids to 
size new protein, to allow growth in the developing organism, 
up for that lost in metabolism, to replace broken down tissues 
permit the formation of enzymes, antibodies and some hormones. 

synthe
to make 

and to 

Protein molecules are very large and consist of long chains of 
amino acids or imino acids chemically combined. Twenty amino acids 
occur frequently in the proteins found in foods (Figure 4.2). Protein 
molecules are complex because they can contain all 20 amino acid 
groups in any arrangement. However, the sequences of amino acid 
groups is developed in a specific way for any one protein. 
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I a 0/~ / ll(jl r"" ~ ~ 1:1 'J 
One letter abbreviations 

A Ala G Gly M Met S Ser 
C Cys H His N Asn T Thr 
D Asp I lie P Pro V Val 
E Glu K Lys Q Gin W Trp 
F Phe L Leu R Arg Y Tyr 

FIGURE 4.2 The "amino acid wheel." 
residues are shown and identified 
letter and one-letter abbreviations. 

The structures of the amino acid 
by name along with their three

From Light (1974). 

When eaten, proteins are hydrolysed during digestion to produce 
amino acids and absorbed into the bloodstream. Eight amino acids 
(threonine, valine, methionine, isoleucine, leucine, phenylalanine, 
lysine, and tryptophan) are essential for all people and an additional 
one, histidine, is necessary in the diet of children. These amino 
acids are essential because they cannot be synthesized in the body and 
must be supplied by the protein in the diet. The nonessential amino 
acids can be synthesized in the body by converting one amino acid into 
another. 

provide all of the essential amino Egg and human milk proteins 
acids for normal growth if they 
These proteins contain the amino 
body's need. A protein is of a 
the essential amino acids in the 

are consumed in adequate amounts. 
acids in correct proportion for the 

poorer quality if it does not contain 
necessary quantities. 

There have been many ways developed to measure protein quality 
(see, for example, Pellett and Young 1980). The biological value and 
essential amino acid index are two of these. I used them to assess 
the quality of£.:.. australis protein. 
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Lipids 

Lipids supply a concentrated portion of man's energy supplies, 
having more than twice as much energy per unit weight as carbohydrates 
and proteins. Lipids are insoluble in water, but soluble in most 
organic solvents. Lipids are commonly divided into three main 
classes: 1. Simple or neutral lipids, i.e. fatty acid esters of 
glycerol (glycerides). 2. Compound lipids which include phospho
lipids (fatty acid esters of both glycerol and phosphoric acid or one 
of its derivatives) and sphingolipids (complex lipids containing 
compounds other than glycerol). The latter lipids are often classed 
in a separate group (Pomeranz and Meloan 1978). 3. Derived lipids 
(fatty acids). 

Of these lipids the 
glycerides (usually> 95%) 
sterols and fatty acids. 

largest components of the 
with smaller amounts of 

diet are the 
phospholipids, 

More than 200 different fatty acids have been isolated from 
plants, but most of these are unusual as they occur in only a few 
plant species. A few acids are present in large quantities in most 
plant lipids and qualify as major fatty acids. These are all satur
ated or unsaturated monocarboxylic acids with an unbranched even
numbered carbon chain. Myristic, palmitic, and stearic acids (all 
saturated homologues) occur in plants, but the unsaturated analogues 
oleic, linoleic, and linolenic acids are even more abundant 
(Hitchcock 1975). 

Bonner et al. (1968) have outlined the process of digestion of 
lipids. Triglycerides and fatty acids are formed during digestion. 
The breakdown products are absorbed through the intestinal cell wall 
and are partly recombined to form triglycerides and phospholipids. 
These are transported in blood and chyle to points of utilization or 
storage in the body . 

If more energy substances (eg. fats, carbohydrates) are injested 
than can be utilized, excess fatty acids combine with glycerol to 
form simple lipids which are stored in adipose tissue in humans. If 
energy requirements increase, the stored simple lipids are broken down 
with each molecule forming three molecules of fatty acid and one 
molecule of glycerol. The fatty acids combine with albumin in blood 
plasma and are carried in the bloodstream to various tissues and 
organs that require energy. Simple lipids also function as concen
trated reserves in plant reproductive structures such as pollen 
grains and seeds. For example, there is a high level of linoleic acid 
in£..:.. australis seeds (Morice 1962, 1965). 

Some fatty acids are essential for the normal functioning of the 
body and must be supplied in the diet since they cannot be synthesized 
in the body. These essential unsaturated fatty acids are linoleic, 
linolenic and arachidonic acids. However, linoleic acid is probably 
the only truly essential fatty acid since research indicates that 
linolenic and arachidonic acids can be formed in the body from lino
leic acid (Gaman and Sherrington 1981). Exclusion of the essential 
fatty acids results in a cessation of growth, scaliness of skin, 
impaired reproduction and kidney damage. Therefore, fat is a neces
sary component of living tissues and essential in human nutrition. 
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or joules (J) where 1 cal 
express the energy values in 
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still uses kcal, both means of 
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is measured in terms of calories (cal) 
4.19 joule. It is most convenient to 
kilocalories (kcal) and kilojoules (kJ) 
most of the literature on food energy 
expressing energy will be used in this 

Energy is required by the body for basal metabolism, i.e. for 
maintaining basic body processes. The rate at which energy is used 
up in maintaining basal metabolism is called basal metabolic rate 
(BMR). BMR has been determined experimentally to be about one kcal 
(4.2 kJ) per kilogram of body weight per hour which corresponds to 
1500-2000 kcal (6.3-8.4 MJ) per day depending on age, body size, and 
individual metabolism. 

Besides BMR, energy is used by the body for physical activity. 
This can vary, for example, from the activity sitting which requires 
about an extra 20 kcal (84 kJ) per hour to the strenuous labour of a 
lumberjack which requires an extra 400 kcal (1.67 MJ) per hour (Pyke 
1970). The body gets its energy from carbohydrates, lipids and pro
teins. Although the calculations of energy values for these nutri
ents are not straightforward and do vary, generally accepted values 
are presented in Table 4.1 (see, for example, FAO 1967; USDA 
1978:6). 

There is no set figure for recommended fat intake, but it is 
necessary to consume a small amount to supply the essential fatty 
acids. Gaman and Sherrington (1981:69) suggest that a minimum of 1-2% 
of the energy intake of an individual should be supplied in the form 
of fat. The level of lipid consumed varies from 6-10% in undeveloped 
and overpopulated areas to 35-45% in developed countries. Current 
opinion favours a lipid level in the diet of 25-35% of the total 
energy requirement (Osborne and Voogt 1978). Eating fat reduces the 
bulk of food which must be eaten since it has more than twice the 
available energy of carbohydrates. 

Carbohydrates supply the bulk of energy in diets worldwide. Most 
people in the world have a staple food which is a cheap source of 
starch such as rice, maize, wheat or potatoes. The total energy 
supplied by carbohydrates in the diet can vary from 20-80% depending 
on ecological and economic factors and still be consistent with normal 
health. However, it is now generally agreed that carbohydrates should 
supply 50-65% of the total energy requirements (Osborne and Voogt 
1978). 

TABLE 4.1 

Energy value of nutrients 

Nutrient 

Carbohydrate 

Lipid 

Protein 

Energy, kcal/g 

3.75 

9.0 

4.0 

kJ/g 

16 

38 

17 
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Protein requirements have been a subject of research since the 
beginning of the 19th century. The value of protein food is based on 
its protein content, protein digestibility and the number and amounts 
of essential amino acids which it furnishes. The primary function of 
food proteins is to provide amino acids for the production and main
tenance of body proteins, but they are ultimately broken down to urea 
and provide energy (Fox and Cameron 1982). 

Because the nature of the protein is important, it is difficult 
to assess the minimum amount of protein required for health. 
Recommendations of various organizations, eg. Food and Agricultural 
Organization of the United Nations (FAO), National Research Council 
(NRC--USA), Department of Health and Social Security (DHSS--United 
Kingdom), take into consideration a minimum average daily protein 
requirement to maintain nitrogen balance and an allowance for varia
tion of individual needs and protein quality. Other factors such as 
protein losses from the body in urine, faeces, skin and hair must be 
taken into account. The recommended protein requirement in various 
countries is about 1 g/kg of body weight per day for adults (Osborne 
and Voogt 1978:56-69). However, this is dependent upon such factors 
as climate extremes and physical exercise. 

MATERIALS AND METHODS 

SAMPLE COLLECTION AND PREPARATION 

I collected .Q..,_ australis trees from the Otago Coast Forest in 
southeast Otago--one per month, for a year beginning in mid-November 
1980. Trees complete with roots were dug at mid-day and as close to 
mid-month as possible. I selected young trees of 6-8 cm in diameter 
and 1.2-1.8 m stem height because this size was used by Maori (see 
Chapter 1). 

Within two hours of uprooting, the trees were cut into sections: 
two pieces each of 0.5-1 kg from the stem and root. In some speci
mens, I sampled the undeveloped leaves referred to as top. The 
samples were split into small pieces and dried in a forced air oven at 
70°c for a minimum of two days. Samples were further processed by 
homogenizing along with dry ice and then ground either in a Terna mill 
for 5-15 sec or a Wiley mill. 

PROXIMATE ANALYSIS 

Water:. Approximately 35 g fresh samples were taken in triplic
ate, dried in a forced air oven as stated above, cooled in a 
dessicator and weighed. I measured the residual moisture (1-6%) in 
the samples at the time of analysis by further drying at 40°C for 16 
hours in a vacuum oven equipped with a liquid nitrogen trap. 

Fibre: This was 
(Van Soest and Wine 

determined 
1967: 50-55) . 

using the neutral detergent method 

Protein: Nitrogen content 
method (Lakin 1978) using K

2
so

4 
The protein level was obtained 
6.25 (Jones 1931). 

was 
+ Se 
by 

determined by the micro-Kjeldahl 
tablets and H

2
so

4 
for digestion. 

multiplying the total nitrogen by 
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Total ash: Ash content was determined using the method described 
by Pearson (1976). 

Lipid: The lipid content was 
using chloroform:methanol (2:1 v/v). 
hours (Osborne and Voogt 1978). 

CARBOHYDRATE ANALYSIS 

estimated by Soxhlet extraction 
Extraction was done for 10-16 

Instrumentation: I did HPLC analyses using a Varian Model 500 
Liquid Chromatograph, Model U6K Waters Associates injector, Waters 
Associates Sugar Pak I column (30 cm x 6.5 mm id) maintained at 90°c, 
precolumn filter and model R-401 differential refractometer detector 
(Waters Associates). The detector signal was recorded on a Varian 

model 9176 recorder with a chart speed of either 1 or 2.5 cm per min. 
In some analyses the detector signal was simultaneously recorded on a 
Hewlett Packard 3390A integrator. 

Sample Preparation: (Extraction) I weighed each sample of 0.20 
g into a glass vial and added 2.00 g of 50.0 mg/g of mannitol solution 
as an internal standard. This was diluted with Milli-Q water up to a 
total mass of 15.00 g. The vial was capped ~nd agitated on a 
Gallenkamp flask shaker for 30 min. The solution was vacuum filtered 
through a sintered glass filter. About 2 ml of this solution was used 
for analysis. (Hydrolysis) 0.1 ml of 0.5M tetrafluoroacetic acid was 
added to 10 ml of each extracted solution above. The solution was 
transferred to a .50 ml round bottom flask and refluxed for 30 min. 

Analysis: All samples were filtered through a Millipore HA 
(0.045 µm) membrane. I injected 10 µl of each extracted and hydro
lysed sample into the instrument. The mobile phase was 100% Milli-Q 
water filtered through a Millipore HA (0.045 µm) membrane and 
degassed under vacuum while immersed in an ultrasonic bath. The flow 
rate was 0.5 ml/min. 

Identification and quantification of individual constituents were 
based on comparisons to standard solutions (2.5 and 5.0 mg/g) of 
fructose, glucose, sucrose, £.:... australis polysaccharide prepared 
according to Boggs and Smith (1956), and the internal standard manni
tol. The results reported are based on peak areas and where neces
sary on peak weights. The calculations were done using a Texas 
Instruments TI-58 calculator program. For example, the percentage 
fructose was determined with the following equation: 

(F peak area) (M cone. [mg/g] x M/F peak area ratio) 
Fructose% 

(Sample cone. [mg/g]) (% moisture correction) 

where F = fructose and M = mannitol. 

AMINO ACID ANALYSIS 

Sample Preparation: Samples of 5 mg for cabbage tree root and 
stem from December and July plus the December top were weighed into 
glass hydrolysis tubes. Further preparation is described in Chapter 2 
in the section on residue analysis. 

Instrumentation and Analysis: This is given in Chapter 2. 
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FATTY ACID ANALYSIS 

Samples were dissolved in CH
2

c1
2

, dried with Mgso
4

, and filtered 
on Celite. Transesterification of the fat was done in McCarthy 
bottles by adding benzene and BF3 /methanol and heating for 15 minutes. 
The mixture was neutralized witli water and the organic layer dried 
with Na

2
so

4
. Gas liquid chromatography (GLC) analysis was done using 

a Carbowax column at 200°c with 0.05 µl injections of 50 mg/ml 
samples. The sample solvent was CH

2
c1

2 
(Lewis pers. comm.). 

COOKING METHODS 

I selected the January cabbage tree root sample for this study 
because this specimen would correspond to the traditional harvest time 
indicated in the ethnographic literature. Powdered samples of 0.200 g 
were weighed into 20 ml glass vials and 0.100 g of mannitol standard 
added. The glass vials were spaced around the inside of a 25 cm 
diameter camp cooker and a pressure cooker, both equipped with screens 
to keep the samples above the water level. I also cut a cabbage tree 
root from February into small pieces to be cooked at atmospheric pres
sure along with the powdered samples. 

The lids were placed on the vessels when the water was boiling. 
The solid samples and glass vials containing the 0.200 g samples were 
withdrawn at 1, 2, 4, 8, 12, 18, 24 and 36 hours. The vials were 
immediately capped and frozen as were the solid samples. Before 
analysis, I dried the samples overnight at 40°c in a vacuum oven 
equipped with a liquid nitrogen trap. The solid samples were ground in 
a Wiley mill and 0.200 g weighed into vials along with mannitol. All 
samples were then diluted with Milli-Q water up to a total nett mass 
of 15.00 g. Carbohydrate analysis was done by HPLC as described 
above. 

RESULTS AND DISCUSSION 

CARBOHYDRATE 

The proximate compositions on a dry weight basis are presented in 
Table 4.2. The water percentage is given in this table to allow 
conversion to fresh weight percentage. Note that top refers to the 
undeveloped leaves. 

The main constituent of £.:.. australis is non-structural carbohy
drate with a variable content throughout the year. As in all plants, 
the amount of carbohydrate varies from plant to plant at any one time. 
Since the carbohydrate content (and other constituents) for each month 
was determined from a single plant, a method of smoothing the results 
was necessary to look for any seasonal variations. The samples were 
collected for only a period of a year, but it may be assumed that 
seasonal trends are cyclic. Note however that seasonal polysaccharide 
concentration is certainly affected to some extent by environmental 
conditions. 

Seasonal trends are often described using a cubic equation 
(Stewart and Wallis 1981), 

2 3 
y =BO+ B

1
x + B

2
x + B

3
x, (4 .1) 
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where, in this case, y 
and x = months. 

carbohydrate content, B
0 
~ B

3 
constants, 

If analyses have been done for only a one year period and not for 
over a period of say three years, and it is assumed that seasonal 
variations are cyclic, then over a twelve month period the twelth 
month value will correspond with the previous year's value, month O, 
(Stewart and Wallis 1981; Manly pers. comm.) or 

Yo= Y12· 

Then 

12Bl + 12
2

B2 + 12
3

B3 

Rearranging: 

0. 

123B
3 

= -12B
1 

- 144B
2

, or solving for B
3

, 

B
3 

= -1/144 B
1 

- 1/12 B
2

. 

Substituting B
3 

from equation 

2 
y =BO+ B1x + B2x 

Simplifying gives 

(4.4) into equation (4.1) gives 

+ (-1/144 B
1 

- 1/12 B
2

)x
3

. 

3 2 3 
y =Bo+ Bl (x - x /144) + B2(x - x /12). 

(4. 2) 

(4 .3) 

(4. 4) 

(4 .5) 

(4. 6) 

, 
2 

R~gression of yin equation (4.6) on 2 predictors, x - x
3

/144 and 
~ - x /12, will give a regression equation for predicating y from x. 
A statistical computing system, Minitab, was used to solve the 
regression equations. Besides the regression equation, Minitab gives 
the predicated monthly y values with their standard deviations and 
other values to assess the significance of the regression equation. 
I assumed that if the regression equation was significant then a 
cyclic relationship exists. 

I did regression analyses on the dry weight and calculated fresh 
weight carbohydrate values for both the stems and roots in Table 4.2. 
I found no significant cyclic relationship for the root carbohydrate 
data where Fisher's (F) = 1.55 and 1.34 for dry and fresh weights, 
respectively. Note all regression equations had 2 degrees of freedom 
for the numerator and 9 degrees of freedom for the denominator in 
assessing the F-values. 

Regression analysis for the stem carbohydrate data resulted in 
equations significant at the 2~5% level. The stem seasonal carbohy
drate variation is shown in Figure 4.3 where the monthly carbohydrate 
results are plotted for dry and fresh weights. Plots of the cyclic 
regression equations for the data are also presented in Figure 4.3. 
The stems with the highest polysaccharide content are found in spring 
through February which is typical for monocotyledons. The root serves 
as the main carbohydrate store with the stem storing a variable amount 
of reserve carbohydrates. There were not enough data to assess the 
top'variability, but presumably this would follow the trend of stems. 

,,/ 
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TABLE 4.2 

Proximate composition of Cordyline australis (% dry wt) 

Month Sample Water(%) Protein Fat 

Nov 

Dec 

Jan 

Feb 

Mar 

Apr 

May 

June 

July 

Aug 

Sept 

Oct 

Notes: 

Root 

Stem 

Root 

Stem 

Top 

Root 

Stem 

Root 

Stem 

Root 

Stem 

Root 

Stem 

Root 

Stem 

Root 

Stem 

Root 

Stem 

Root 

Stem 

Root 

Stem 

Top 

Root 

Stem 

Top 

70.0 

72.4 

51. 0 

65.0 

80.5 

71. 7 

68.4 

63.2 

67.4 

73.6 

69.0 

61.1 

71.5 

62.9 

81. 6 

67.3 

71. 8 

67.7 

84.0 

65 .2 

72. 4 

72. 8 

75.9 

82.6 

64.1 

67. 4 

82.5 

1.2 

1.2 

0.9 

0.9 

7.2 

1. 9 

2.0 

1. 0 

1. 4 

1. 9 

2.9 

4.2 

3.3 

16.0 

5.5 

6.4 

3.8 

6.1 

2.2 5.8 

1.9 4.6 

1.9 -8.7 

2.3 

0.9 

1.5 

1. 0 

1.3 

1. 0 

1. 4 

3.1 

1. 9 

1. 7 

1.8 

6. 6 

1. 4 

1.2 

7.2 

6.8 

3.1 

9.1 

10.3 

12.4 

7.6 

9.2 

5.3 

8. 0 

5.4 

10.8 

16.8 

3.7 

6.5 

18.1 

Carb 

74.6 

43.2 

64.1 

74.7 

49.0 

57.4 

38.8 

66.0 

30.4 

59.5 

33.6 

47.0 

28.6 

56.3 

23.8 

63. 6 

32.9 

58.1 

21.1 

51.1 

15.l 

48.4 

31.3 

46.8 

33.2 

47.4 

4 7. -0 

1. Protein= N (%) x 6.25; n.d. = not determined. 

Fibre 

23.9 

46.3 

31.3 

25.2 

25.0 

32.2 

47.4 

26.4 

55.3 

30.8 

49.0 

37.4 

57.2 

35.0 

60.2 

29.1 

47.5 

32.1 

63.2 

40.6 

69.4 

43.0 

54.l 

28.1 

58.5 

44.0 

23.5 

Ash 

2. 6 

3.1 

2.2 

1. 0 

9.1 

2.9 

2.3 

2.0 

3.1 

n.d. 

n.d. 

n.d. 

n.d. 

n.d . 

n.d. 

n.d. 

n.d. 

n. d.. 

n. d.. 

n.d . 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

9.4 

2. Percent water of fresh samples is given to allow conversion of 
data to fresh weight values . 
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X 

J A s 0 

J A s 0 

total non-structural carbohydrate analyses of£..:.. 
% dry wt and (b) % fresh wt. From results in 
Curves are cyclic cubic regression fits to the 

one standard deviation. 

I found a significant seasonal cyclic variation above for the 
stem carbohydrate levels. A further comparison can be made between 
the means of summer and winter plants to determine if a significant 
difference exists. Lord (1947) has developed a quick test which 
assumes nearly normally distributed data (parametric) for the compari
son of the means of two small samples. His test which is as powerful 
as the t-test requires data sets of equal size (n

1 
= n

2 
< 20). The 

means of stem carbohydrate values, dry or fresh weight, for November 
through February compared with those of May through August (n = n

2 
= 

4) are found to be statistically different at the 5% level. 1he same 
conclusions are reached if November through January samples are 
compared with those of June through August (n

1 
= n

2 
= 3). A nonpara

metric test by Tukey (1959) for two small sample sizes also indicates 
that summer and winter carbohydrate values in the stems of£..:.. 
australis are different at the 5% level. 
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My results indicate the recorded time of harvesting by Maori 
corresponds with the maximum carbohydrate content. This coincidence 
could have been fortuitous in that the most convienent time of the 
year weatherwise for harvesting would have been in the spring-summer 
period. The rainy winter season would have caused problems in drying 
Cordyline after cooking. Also, the summer season corresponded with 
other traditional excursions for food gathering as discussed by 
Anderson (1982, 1983b). However, most likely, experience showed the 
best time of the year for gathering and cooking~ australis. This 
seasonal knowledge for Cordyline cooking would not have been brought 
to New Zealand because the £..:.. terminalis used traditionally in other 
parts of Polynesia probably was harvested and cooked at all times of 
the year. £..:.. terminalis has been recorded as flowering at all times 
of the year in the tropics (Smith 1979:149-151) and this flowering is 
preceded by an increase in the carbohydrate content. Only in a 
temperate climate like New Zealand would the carbohydrate content 
vary seasonally to any extent. 

Seasonal harvesting of Cordvline may have applied only to the 
roots and stems. Tikao (cited in Best 1976:269-270), referring to£..:.. 
australis, indicates the tops (undeveloped leaves) were eaten at all 
times of the year by cooking with eels, birds, etc. He also states 
the tap roots were cooked at all times, but goes on to say that stems 
were only prepared during the summer. What was done with the unused 
stems in the winter is not indicated. This reference is a bit confus
ing, and makes sense if only the top was prepared year round. 

Various references (see accounts by Best 1976) point out that 
Maori were aware of the season for the highest polysaccharide content 
in Cordyline. It seems that Maori were also aware of methods to 
increase the carbohydrate content by either ligaturing the plant 
(White 1898:116, Hector 1896) or cutting off the top (Best 1976:264) 
some time before harvest. I do not know whether mutilation was 
successful, but Archbold (1940:215) found there was an immediate 
increase of total sugar and fructan in all parts of barley plants when 
he removed some tillers from one group of plants and from another 
group both tillers and ears at the time of ear emergence. Mutilation 
indicates that Maori were trying to get maximum yields. This points to 
the strong possibility that the best time to harvest was acquired 
through experience. Hydrolysis experiments conducted as a part of my 
research (discussed below) reveal a further reason for harvesting 
during the warmer months of the year. 

My carbohydrate analyses could have been improved considerably 
by sampling several plants a month. The HPLC method was not available 
at the University of Otago at the time of sampling. Therefore, large 
samples were required for the carbohydrate method at that time and for 
other proximate analyses. This meant that a limited number of whole 
plants had to be collected. It is possible with HPLC to use small 
samples such as those which could be obtained by coring. Several 
plants could be repeatedly sampled (barring injury) and monthly 
samples pooled. Seasonal variations would probably be shown best by 
sampling plants over a two or three year period. 

The carbohydrate trends presented in Table 4.2 and Figure 4.3 are 
similar to those expected for a monocotyledon with the exception of 
the root data which should show a cyclic seasonal variation. A more 
thorough investigation is awaited. 
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The carbohydrate results in Table 4.2 are from the HPLC analyses 
on hydrolysed samples. A breakdown of these HPLC results is shown in 
Table 4.3. My results indicate that the water soluble polysaccharide 
is composed of fructose and glucose. Unhydrolysed disaccharides and 
polysaccharides are present in all hydrolysates. These components are 
most likely composed of condensation and reversion products from the 
hydrolysis (Fankhauser and Brasch 1985). 

Nuclear magnetic resonance (NMR) research on the polysaccharide 
from both£.:... australis and terminalis revealed that the polysacchar
ides from both Cordylines are virtually identical and are composed of 
fructose and glucose in a ratio of 15:1 (Fankhauser and Brasch 1985, 
Brasch et al. n.d.). I obtained the same ratio with a controlled 
hydrolysis experiment using 0.05 M HCl at 55°c. McDonald (1985) using 
NMR and methylation analyses, determined that£..:_ australis, banksii, 
and indivisa glucofructans contain mainly 2,1-linked fructofuranose 
residues with branching occurring at the 6-position of some fructose 
residues, and a small proportion of fructose residues were linked 
through the 2 and 6 positions only. The polysaccharide chains were 
terminated by an a-D-glucosyl group. McDonald (1985:106) presents 
structures of some glucofructans from his NMR and methylation results 
(Figure 4.4). HPLC analyses indicated the polysaccharide levels in 
the roots of£..:_ australis and £..:_ terminalis are similar (Fankhauser 
and Brasch 1985). Furthermore, I found the levels in£..:_ banksii and 
indivisa to be similar as did McDonald (1985). These similarities 
indicate all Cordylines may be alike chemically, and the results 
presented here for£..:_ australis are probably indicative of the genus 
Cordyline as a whole. 

Best (1976) indicates that Maori cooked all species of Cordyline 
and my results confirm that different species would supply similar 
amounts of carbohydrate. However, Best notes that certain species 
were preferred. I think this may be due to taste preferences (bitter 
components?) and not to total carbohydrate produced. 

Trifluoroacetic acid at a concentration of 0.005 M was used as 
the hydrolysing agent for the carbohydrate analyses presented in Table 
4.3. I did experiments to determine the optimum hydrolysis conditions 
on summer cabbage tree samples. For example, both 0.05 M HCl and 0.05 
M TFA at 100°c completely hydrolysed the polysaccharide in less than 
five minutes, but acids at this concentration greatly interfere with 
the polysaccharide peak detection because of nearly identical reten
tion times. Also, concentrated acids are detrimental to the column. 
Efforts to remove the acids by evaporation and ion exchange were not 
successful. This added step only increased the time of the 
hydrolysis procedure and left an unknown amount of residual acid. 
Experiments with 0.005 M TFA at 100°c indicated that complete 
hydrolysis occurred in less than 15 minutes with no further breakdown 
of hydrolysis products up to two hours when the experiment was 
terminated. This research resulted in a hydrolysis time of 30 minutes 
at 100°c using a known constant amount of TFA (0.005 M). 

An HPLC chromatogram (Figure 4.5) 
well resolved at a flow rate of 0.5 
times in minutes of: polysaccharide 
6.7, glucose= 8.3, fructose = 10.3, 
nitol = 13.4. 

shows the individual peaks are 
ml per minute with retention 

4.7, TFA = 5.0, disaccharide = 
and the internal standard man-
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TABLE 4.3 

>- Non-structural carbohydrate composition of hydrolysed£...:.. _fi_lJ.Stralis 
sa:inples (% dry wt) 

--
Month Sample Fructose Glucose Disacc. Polysacc. Total 

Nov Root 61. 9 5.3 4.4 3.0 74.6 

Stem 35.1 3.3 1. 7 3.1 43.2 

,, Dec Root 55.2 3. 9 2.9 2.0 64.1 

Stem 67.2 2.9 4.0 0.6 74.7 

Top 13.1 4.9 12. 6 18.4 49.0 

~ Jan Root 45.8 4.9 3.3 3.4 57.4 

Stem 29.2 2.9 2.6 4.1 38.8 

', 
Feb Root 56.0 4.4 3. 6 2.1 66.0 

Stem 22.6 2.8 1.2 3.8 30.4 
lt 

Mar Root 47. 9 4.7 3.8 3.1 59.5 ·-

Stem 24.4 2.6 1. 8 4.8 33.6 

Apr Root 36.4 2.8 3.3 4.5 47.0 
~ 

Stem 17.0 2.5 2.0 7.0 28.6 

May Root 46.4 4.7 2.7 2.5 56.3 

;,. Stem 13.5 3.5 0.9 5.9 23.8 

June Root 44.8 5.0 8.8 5.0 63.6 
1 

Stem 16.9 2.9 5.4 7.7 32.9 

... July Root 46.l 3.9 4.5 3.6 58.l 

Stem 7.1 3.1 1.5 9.4 21. l 
.j 

Aug Root 42. 6 3.2 2.8 2.5 51. l 

.,- Stem 7.2 2.3 0.7 5.0 15.l 

Sept Root 38.4 4.1 2.4 3.4 48.4 

Stem 19.8 4.7 1.2 5.6 31. 3 

Top 21. 6 7.2 9.4 8. 6 46.8 

r Oct Root 24.3 3.7 1. 9 3.3 33.2 

,; Stem 35.3 4.2 3.8 4.1 47.4 

Top 19.3 5. 6 9.3 13.4 47.6 
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CH
2
0H C1CH2 ·mcH2 I ] 

~HpH ~
0
:H, v~~H, 

OH OH H L I~~ M 

glucofructan 
source L M N 

C.australis root 2.6 2.7 5.1 
C.australis stern o.s 1.8 6.4 
C.banksii root 1. 3 2.2 4.6 
C.indivisa stern o.4 o.s 2.0 

FIGURE 4.4 Structures of glucofructans 
Cordyline. L, M, and N are mole ratios of 
Hor 2 linked ~-D-fructofuranosyl residue. 

[ 1~0"'~ J 
~H2 

OH I N 

C~H
2
0H O 

0 
CH 20H 

from indicated species of 
given monomer linkages; R = 

From McDonald (1985:106). 

I found duplicate runs on hydrolysis samples had a difference 
varying from 0.7-6.8% of each other with a mean precision of 3.3 %. A 
"perfect" proximate analysis would have all the components, i.e. 
protein, fat, carbohydrate, fibre, and ash adding to 100%. In reality, 
this is seldom the case. The average of the total of all proximate 
analyses in Table 4.2 (assuming a value of 2.5 for the undetermined 
ash samples) is 99.9% indicating that there were no systematic errors 
involved. 

The carbohydrate results for the extracted £.,_ australis stem 
samples (Table 4.4) show an increase of free sugars, especially glu
cose and disaccharides, relative to the total carbohydrate during the 
winter. The amounts of free sugars in the stems and roots relative to 
the total carbohydrate are given in Table 4.5. Results were subjected 
to regression analyses using equation 6 above. No significant season
al changes at the 10% significance level were found for the root 
results. However, significant cyclic seasonal variations weFe present 
in the stems of £.,_ australis for glucose, disasccharides, and total 
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5 

8 12 16 

5 

4 

8 12 16 

FIGURE 4~5 HPLC carbohydrate chromatograms of typical (a) extracted 
and (b) hydrolysed samples of .Q_,_ australis. Peak identifications are 
(1) glucofructofuranan in (a) plus TFA in (b), (2) disaccharides, (3) 
glucose, (4) fructose, (5) mannitol (internal reference). 
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TABLE 4.4 

"~ Non-structural carbohydrate composition of extracted£.,_ australis 
samples (% dry wt) 

Month Sample Fructose Glucose Disacc. Polysacc. Total 

Nov Root 2.5 2.7 0.9 64.5 70.5 
"' 

Stern 2.0 1.1 0.5 41. 6 45.2 

:J Dec Root 1.5 0.8 0.8 61.5 64.6 

Stern 2.3 0.8 0.9 73.3 77.3 
-)-

Top 6.6 4.1 9.5 26. 0 46.2 :, 

~ Jan Root 3.3 1. 7 3.3 55.0 63.3 

Stem 2.8 1.1 1.8 34.6 40.3 

"> 
Feb Root 3.1 1.3 1.4 64.6 70.4 

\ 
Stern 4.4 1.1 1.2 25.4 32.1 

Mar Root 3.6 2.0 3.0 49.2 57.9 

Stem 2.3 1. 0 0.8 29.3 33.4 

I Apr Root 3.7 1.1 1. 7 40.2 46.7 
\ ~ 

Stern 3.0 1.2 1. 9 25.5 31. 6 

May Root 2.5 1. 5 1. 8 53.6 59.4 

,'_")-

Stern 3.2 2.5 1.3 18.4 25.4 

June Root 1. 8 2.4 5.7 55.6 65.4 
A 

Stem 1.1 1. 9 4.5 29.9 37.4 

July Root 5.8 1.5 4.1 43.0 54.4 

Stern 3.5 2.7 2.2 17.5 25.9 
./ 

Aug Root 2.8 0.3 0.5 46.3 49.9 

-' Stern 3.6 1. 6 1. 0 8. 6 14.7 

i, Sept Root 1. 6 1. 4 1. 0 46.8 50.9 

-t 
Stem 3.9 2.4 1. 0 24.6 31. 8 

Top 8. 4 5.5 7.0 28.2 49.1 

Oct Root 1. 7 1. 5 1. 0 29.4 33.6 

' ., 
Stern 2.9 1. 8 2.7 40.0 47.3 

Top 6.8 4.4 7.9 29.4 48.5 

_./ 
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TABLE 4.5 

Amount of free sugars in roots (R) and stems ( s) of £..:.. australis 
relative to total non-structural carbohydrate; values in% 

Month Fructose Glucose Disacc. Total Free 
Sugars 

---
R s R s R s R s 

Nov 3.5 4.4 3.8 2.4 1.3 1.1 8.5 8.0 

Dec 2.3 3.0 1.2 1. 0 1.2 1.2 7.1 5.2 

Jan 5.2 6.9 2.7 2.7 5.2 4.5 13.0 14.0 

Feb 4.4 13.7 1. 8 3.4 2.0 3.7 8.2 20.9 

Mar 6.2 6.9 3.4 3.0 5.2 2.4 15.0 12.3 

Apr 7.9 9.5 2.4 3.8 3.6 6.0 13.9 19.3 

May 4.2 12.6 2.5 9.8 3.0 5.1 9.8 27.6 

June 2.8 2.9 3.7 5.1 8.7 12.0 1-5. 0 20.0 

Jul 10.7 13.5 2.8 10.4 7.5 8. 5 21. 0 32.4 

Aug 5.6 24.5 0.6 10.9 1. 0 6. 8 7.2 41.5 

Sept 3 .1, 12.3 2.8 7.5 2.0 3.1 8.0 22.6 
\ 

Oct 5.0 6.1 4.5 3.8 3.0 5.7 12.5 15.4 

free sugars where significance levels equal . 5%, 2. 5%, and 1%1 respec
tively. There is an increase of these sugars relative to the total 
carbohydrate from summer to winter. Plots of the results are shown in 
Figure 4.6. Plants commonly show an increase in free soluble sugars 
during hardening (see, for example, Alden and Hermann 1971: 102-111, 
Levitt 1980:169-179, Smith 1973). Mono- and oligosaccharides are 
produced from hydrolysis of polysaccharides through the mechanism of 
cold hardiness. Jefford and Edelman (1963) discovered that fructans 
in Jerusalem artichoke were hydrolysed to small oligosaccharides at 
low temperature. Levitt (1980:178-179) states, 

... sugars may increase freezing tolerance in two ways. 
(1) The osmotic effect--by accumulating in the vacuole, 
sugars can decrease the amount of ice formed, and 
therefore increase the avoidance of freezing induced 
dehydration.' ... (2) The metabolic _effect--sugars, as 
such, have little or no effect on freezing tolerance, 
but by being metabolized in the protoplasm at low 
hardening temperature, they produce unknown protective 
changes. Some of these changes may conceivably increase 
the tolerance of freeze-induced dehydration .... 
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FIGURE 4.6 Monthly values of free sugars: (a) glucose, (b) disac-
char ides, and (c) total free sugars in £.,_ australis stems. Results 
from Table 4.5. The curves are cyclic cubic regression fits to the 

~r results. Regression equations are significant at 0.5, 2.5, and 1.0% 
levels for a, b, and c, respectively. Errors are one standard 
deviation. 
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The total carbohydrate for each sample as determined in Table 4.4 
should be identical to that of the corresponding hydrolysed sample 
(Table 4,3). The total average difference, i.e. (extracted value -
hydrolysed value) x 100 / (hydrolysed value), between the two methods 
is 5.0%. This agreement indicates that the total carbohydrate could 
be determined using only the extracted samples which would simplify 
the procedure. Of course, the additional information provided by the 
hydrolysed samples would not be available. 

One of the interesting aspects of my research was the variability 
encountered in the ease of hydrolysis of samples throughout the year. 
The extent of polysaccharide hydrolysis, i.e. (total carbohydrate -
polysaccharide) x 100 / (total carbohydrate), for the root samples 
throughout the year was greater than 90%. However, I found this extent 
of hydrolysis only for the stem polysaccharide in late spring and 
early summer as shown in Figure 4.7. The ease of hydrolysis reached a 
low with the July stem. I do not have an explanation for this, but it 
must be connected with the breakdown of large polysaccharide molecules 
into lower moleculer weight molecules in winter (cf. Meier and Reid 
1982, Halmer and Bewley, 1982). 

Not only is the polysaccharide content of cabbage trees lower in 
the winter, but the stem polysaccharide does not hydrolyse to the same 
extent as that of summer plants. Stems collected and cooked in the 
autumn and winter would not be very sweet. If cabbage trees were ever 
harvested and cooked at this time of the year, it would not have taken 
long for people to realize that the sweetness was not present in the 
stems. So once again, the results of chemical analyses reveal the 
sensibility of the traditional harvesting season of spring and summer. 
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FIGURE 4.7 Monthly results on the extent of polysaccharide TFA 
hydrolysis for£.:.. australis roots and stems. Calculated from results 
in Table 4.3. 
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PROTEIN 

The proximate compositions in Table 4.2 indicate there is little 
variation in the amount of protein throughout the year. It is evident 
that protein is only a minor constituent of the root and stem of C. 
australis. The protein levels are comparable to those found in fruit 
such as apricots. cherries, grapes, oranges, etc. (Osborne and Voogt 
1978:84). The cabbage tree top contains about four times this amount 
of protein. 

Table 4.6 gives a breakdown of the protein found in July and 
December plants. The amino acids in this table are reported in mole% 
(see Figure 4.2 for abbreviations used). I calculated these values 
from the original data which were presented as nanomoles of each amino 
acid. 

TABLE 4.6 

Amino acid composition of~ australis protein (mole%) 

--
Retention Amino December July 

Time (min) Acid Root Stem Top Root Stem 

-· 
20.1 Asp 10.4 10.0 11.5 10.1 11.3 

24.0 Thr 4.8 4.7 5.4 5.5 5.3 

25.4 Ser 8.3 8.1 8.5 8.5 8.4 

\ 

28.0 Glu 13. 8 13.8 14.9 10.5 10.8 

30.3 Pro tr tr tr tr 6.3 

35.8 Gly 10.2 10.0 11. 7 11. 7 10.5 

37.4 Ala 10.3 11. 4 10.3 12.7 10.5 

41. 6 Val 5.3 5.3 6.2 7.6 5.8 

44.1 Met 1. 9 2.0 2.0 1. 0 0. 6 

47.0 Ile 3.1 3.4 4.2 4.7 3.7 

47.9 Leu 6.2 6.9 8.3 9.2 7.2 

52.0 Tyr tr tr tr tr 0.6 

54.0 Phe 2.4 2.6 2.9 3.7 2.9 

62.~ His 14.3 11. 7 10.1 8.5 11. 0 

71.1 Lys 4.7 5.0 4.0 4.2 3.4 

86.8 Arg 4.2 5.1 tr 2.4 1. 7 

Note: Amino acids corresponding to abbreviations are given in 
Figure 4.2. 
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The proteins found in the December cabbage tree stem, root and 
top are nearly identical. However, it appears that the December pro
tein has a slightly different structure to that of the July protein, 
especially in the amounts of methionine and arginine. Changes in amino 
acid ratios are common in plants undergoing hardening, but the amino 
acids which increase during the winter depends on the plant variety 
(Alden and Hermann 1971:79-84, Levitt 1980:182-185). 

The relationship between the amino acid makeup for different 
samples is more clearly shown in Table 4.7 which presents the amino 
acid results in a mole ratio form taking alanine as equal to one. 
Calculation of mole ratios allows the individual amino acids to be 
compared on an equal basis because the individual ratios do not change 
if any component is missed through a low injection volume or computer 
error. When peaks are close together and one component is below the 
level of detection, the computer occasionally assigns the wrong 
standard to a peak (computer error). Datum on this particular peak 
must be thrown-out; this results in different mole% values, but not 
in different mole ratios for the remaining amino acids. 

TABLE 4. 7 

Amino acid mole ratios of £..e.. australis protein (Alanine= 1) 

Amino December July 

Acid Root Stem Top Root Stem 

Asp 1. 0 0. 9 1.1 0. 8 1.1 

Thr 0.5 0.4 0.5 0.4 0.5 

Ser 0. 8 0.7 0.8 0.7 0.8 

Glu 1.3 1.2 1. 4 0. 8 1. 0 

Pro -- -- -- -- 0.6 

Gly l. 0 0. 9 1.1 0. 9 1. 0 

Ala 1. 0 1. 0 1. 0 1. 0 1. 0 

Val 0.5 0.5 0. 6 0.6 0. 6 

Met 0.2 0.2 0.2 0.08 0.06 

Ile 0.3 0.3 0.4 0.4 0.4 

Leu 0. 6 0. 6 0. 8 0.7 0.7 

Tyr -- -- -- -- 0.06 

Phe 0.2 0.2 0.3 0.3 0.3 

His 1. 4 1. 0 1. 0 0.7 1. 0 

Lys 0.5 0.4 0.4 0.3 0.3 

Arg 0.4 0. 4 0.4 0.2 0.2 

Note: Calculated from results given in Table 4.6. 
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Note that tryptophan cannot be analysed by this method. If it is 
present in cabbage tree protein, there would be slightly different 
mole% values than those reported in Table 4.6. Threonine and serine 
will have slightly low values on analysis because of hydrolysis 
effects. Also, to some extent leucine, isoleucine, valine and alanine 
are acid labile. However, if other researchers hydrolyse in the same 
way, the results should be comparable. 

There were some problems with the injection volumes to be used. 
The glycine peak was much higher than other components (see Figure 
4.8) which set a limit on the maximum injection volume which would 
keep the peak size within the bounds of integration. This resulted in 
trace amounts of some amino acids not being integrated. See, for 
example the barely detectable peaks of praline and tyrosine in Figure 
4.8. Ideally, two different injection volumes should be used to 
resolve all of the peaks, but this was not possible because of time 
and cost restrictions in using the instrument. 
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FIGURE 4.8 HPLC amino acid chromatogram for£..,_ australis root pro
tein. The peaks are identified with one-letter abbreviations as given 
in Figure 4.2. 

LIPIDS 

Monthly lipid values for £..:.. australis are given in 
The roots and stems contain values comparable to wheat bran 
grains. The top has about four times this amount. Lipid 
higher than those found in most foods of plant origin with 
tion of nuts and seeds (Altman and Dittmer 1968:8?,85). 

Table 4 .2. 
and millet 
values are 

I 

the excep-
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There is a significant cyclic seasonal variation of lipids for 
both stems and roots. I determined this by using equation 4.6 above 
and the method described for carbohydrates. Plots of the lipid 
contents versus months are shown in Figure 4.9. Note that p for the 
regression equations is< 0.10 for a and < 0.01 for b. The lipid 
contents reached a maximum during late autumn and winter. That there 
is an increase in lipids during plant hardening has been well 
established (Alden and Hermann 1971:96-102, Levitt 1980:193-196). 

The fatty acid composition of the lipids for the December plant 
is shown in Table 4.8. Only those fatty acids identified by standards 
are given, but this includes the major fatty acids with the exception 
of linolenic acid. Injection volumes were not large enough to allow 
integration of all peaks, but ratios (palmitic = 100) give a compar
ison of the resolved fatty acids. 
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FIGURE 4.9 Monthly lipid values (% dry wt) for (a) roots, and (b) 
stems of £.:.. australis. The curves are cyclic cubic regression fits 
to the results. Errors are one standard deviation. 
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TABLE 4.8 

Fatty acid composition of December~ australis lipids; 
(weight% of total acids) 

Root Stern Top 
Retention Common Symbol 
Time (min) Name 9, 

0 Ratio % Ratio % Ratio 

1. 59 Tridecylic 13:0 5.1 13 5.4 17 5.2 14 

.v 1. 87 Myristic 14:0 2.1 5 

2.02 Myristoleic 14:lw5 1. 7 4 1. 0 3 

2.15 Pentadecylic 15:0 2.4 6 1.5 5 

2.31 7.2 18 3.7 12 

)_ 2.61 1.1 3 

2. 71 Palmitic 16:0 39.0 100 31.2 100 38.2 100 

~ 
2.84 Palmitoleic 16:lw7 2.1 5 1. 7 5 

" 
3.22 1.3 3 1. 0 3 

3.29 Margaric 17:0 1.5 4 2.0 7 

3.74 - - 1.3 4 

.. -
4.08 -- 16:4wl 1.2 3 

4.32 Stearic 18:0 2.5 6 2.8 9 1. 7 4 

4.56 Oleic 18:lw9 3.3 10 5.3 17 3. 4 9 

> 5.12 Linoleic 18:2w6 14.4 37 13. 4 43 25.1 66 

.;, 

5.63 Nonadecylic 19:0 3.5 10 3.1 10 

8.30 6.8 18 6.3 20 

> 9.05 - - - - 2.6 7 

"' 13.09 Behenic 22:0 1. 7 5 7. 9 21 - -

16.07 - - - - 4.0 11 

.J.. 17.58 - - 1. 3 4 

,,, 21. 56 - - 3.4 11 

23.75 -- 22:6w3 
& - - 3.0 10 

Lignoceric 24:0 

Note: Column headed "Symbol" gives the number of carbon atoms and 
double bonds in a molecule of the fatty acid. 
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The percentage of rnyristic and stearic acids in~ australis 
lipids is equivalent to that of some vegetable oils such as corn and 
cottonseed. Percentages of palmitic and linoleic acids compare with 
that of animal fats and linseed oil, respectively (Holurn 1969:300). 

The lipid compositions from different parts of the plant vary to 
quite an extent which is common in plants (Hitchcock 1975). For 
example, percentages of linoleic and two unidentified acids at 2.31 
and 8.30 min retention time vary from the top to the stern and root. 
Also, the seeds analysed by Morice (1962) have a very different 
composition. She found only four acids, linoleic, oleic, palrnitic, 
and stearic acids present. However, given the complex makeup of acids 
found in this study, it is doubtful that the fatty acid composition of 
seeds is as simple as presented. Morice found a similarity of the 
proportion of acids in the genus Cordyline when she analysed all 
endemic species in New Zealand. Linoleic was by far the most abundant 
at 80-90%, followed in order of abundance by oleic, palmitic, and 
stearic acids. The oil content of the seeds was about 30%. There is 
no indication in the literature of the seeds ever being eaten, but 
they could possibly have supplied a rich source of the essential 
linoleic acid. 

Only the lipids from the summer plant were analysed, but it is 
likely that the winter plant would be higher in unsaturated acids. 
Low temperature increases the degree of unsaturation of fatty acids. 
For example, Gerloff et al. (1966) found an increase in linoleic and 
linolenic acids of alfalfa during hardening. Similar results were 
obtained for seedlings of nine varieties of wheat and one type of rye 
(Miller et al. 1974). 

COOKING STUDIES \ 
\ 

An indication of the extent of cooking can be obtained by the 
amount of fructose produced as this is the main hydrolysis product. 
The fructose results in Table 4.9 and plotted in Figure 4.10 are 
relative to the amount of fructose which was obtained by TFA hydroly
sis (value= 100 %) on an uncooked portion of the same sample. The 
polysaccharide content was calculated by dividing the polysaccharide 
amount by the total carbohydrate content and then multiplying by 100. 

It required about 24 hours at 100°c (atmospheric pressure) and 12 
hours at 118°c (pressure cooker) for complete cooking of the January 
cabbage tree root (Figure 4.10). Free fructose (plus glucose and 
disaccharide) was found in the uncooked sample (0 hours), and conse
quently there is less than 100% of the polysaccharides at the start of 
cooking. In Figure 4.11, I give some representative chromatograms 
upon which these calculations are based. Note the decrease in the 
polysaccharide peak area and an increase in the glucose and fructose 
peaks with cooking time. 

The results suggest that the cooking time in an earth oven should 
be between 12 and 24 hours, but added to this is the time required to 
develop a temperature over 100°c after the closing of the oven. I 
found this to be about six hours in the case of an experimental oven 
(Fankhauser 1982). Given the variables involved in the cooking 
process, e.g. initial firing temperature, amount of water and effec-
tiveness of sealing the oven, it would take approximately 24 hours to 
cook cabbage tree stems and roots. This is the time most often 
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TABLE 4.9 

Change in carbohydrates with cooking at 100°c (atmospheric pressure) 
and 118°c (pressure cooker); values are in% 

Cooking Atmospheric Pressure Pressure Cooker 
--

Time (Hrs) Polysacc. Fructose Polysacc. Fructose 

0 88.4 5.4 88.2 6.0 

1 75.0 14.0 62.1 27.4 

2 72.5 19.1 47.2 40.6 

4 49.9 36.8 24.6 66.2 

8 40.0 49.5 16.6 78.7 

12 22.7 68.7 15.5 84.0 

18 17.8 79.7 17.6 84.6 

24 16.1 84.0 17.1 84.0 

36 16.4 85.2 18.4 80.8 

Note: The method of calculation is presented in the text. 

indicated in the ethnographic literature. It appears that times 
mentioned beyond 24 hours may be either observors' exaggerations or an 
effort to be on the "safe side". Best (1976:271) commenting on James 
Hay's accounts of cooking Cordyline states, "The remark that the ti 
was left in the oven for many days seems to be an exaggeration." 

My results in Figure 4.10 indicate that cooking was not as 
efficient as dilute acids at completely hydrolysing the glucofructo
furanan. This was the case although the medium was acidic (the pH 
varied from 4.87 to 4.44 for uncooked and 36 hour cooked samples, 
respectively). The effect of incomplete hydrolysis upon cooking would 
result in a lower nutritive value than that calculated from extracted 
or acid hydrolysed samples. This is because the polysaccharide cannot 
be further hydrolysed with available enzymes or HCl in the digestive 
system. Glucofructofuranans are resistent to hydrolysis by ptyalin 
and mixtures of a- and ~-amylase (Whistler and Smart 1953). The pH of 
gastric juice in man varies from 1.5-8.4 (Altman and Dittmer 1968:247) 
and is unlikely to effect hydrolysis at body temperature (37°c). I 
found that a solution of 0.05 M HCl at 35°c resulted in no detectable 
hydrolysis of C. australis glucofructofuranan after three hours, and 

- 0 
the same concentration of HCl took three hours at 55 C to completely 
hydrolyse the January polysaccharide. This can be compared to a time 
of six hours for 50% hydrolysis of inulin using 1 N sulfuric acid at 
20°c (Schlubach and Sinh 1940). 

Uncooked Cordyline would supply no carbohydrate 
a small amount of free sugars) and would be bland 
saccharide itself is not sweet. The sweetness 

nutrients (except 
because the poly
comes mainly from 
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FIGURE 4.10 Cooking results for 
from C. australis root. Cooked for -o 
(b) 118 c. Plotted from results in 

the non-structural polysaccharide 
indicated times at (a) 100 °c and 

Table 4.9. 

fructose. Fructose in the ~-D-fructopyranose form is the sweetest of 
all sugars. The relative sweetness of selected sugars is shown in 
Table 4.10 with sucrose equal to 100. It should be noted that the 
perceived sweetness of fructose is related to its mutarotational 
behavior and is ~herefore dependent upon temperature, concentration 
and acidity (Hyvonen and Koivistoinen 1982) 

Since the gluctofructofuranan in £.:.. australis consists of more 
than 90% fructose, the cooked (hydrolysed) soluble extract should be 
very sweet. Brunner (1952:25-26) commented on this fact when he wrote 
that he " ... found the ti excellent, but rather too sweet for a 
diet ... ". Fructose is sweetest in a cold slightly acid solution. 
This sweet solution would correspond to dissolving the soluble extract 
(pH= -4.5) from£.:.. australis in water; this is one of the ways in 
which it was prepared by Maori. Besides its greater sweetness, 
fructose has several other advantages over sucrose as a sweetener 
including greater water solubility, and a partly insulin-independent 
metabolism (Pawan 1973; Ylikahri and Pelkonen 1980). 

/ 
/ 
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FIGURE 4.11 ~PLC carbohydrate chromatograms for£.:.. australis samples 
cooked at 118 C for (a) 0 hours (uncooked), (b) 1 hour, (c) 4 hours 
and (d) 12 hours. Peak identifications are (1) glucofructofuranan, 
(2) disaccharides, (3) glucose, (4) fructose and (5) mannitol (inter
nal reference). Note the decrease in peak 1 and the increase in 
peaks 2, 3 and 4 with cooking time. 
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TABLE 4 .10 

Relative sweetness of some common sugars 

Sugar 

Fructose 

Invert sugar 

Sucrose 

Glucose 

Lactose 

Relative Sweetness 

173 

130 

100 

74 

16 

Source: Gaman and Sherrington (1981:51) 
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A syrup made from the root of £.,_ australis was found to be 
extremely sweet and the uses for high fructose syrups and fructose as 
sweeteners are becoming increasingly more important today (Fankhauser 
and Brasch !985). In the mid-1800s cane sugar replaced the tradi
tional Maori reliance on Cordyline. It is interesting to see that 
after more than a century of non-use, sweeteners based on fructose are 
becoming important. Cordyline has the potential to provide a superior 
natural sweetener to both sugar cane and sugar beet. 

As I noted in the introduction to this chapter, moist heat cook
ing can result in the loss of nutrients through leaching. I investi
gated this problem by steaming solid pieces of£.,_ australis root at 
100°c and then grinding the pieces to give a meal for carbohydrate 
analysis. The loss of total soluble carbohydrates (mainly polysac
charide) occurred within the first hour of cooking with no change in 
total carbohydrate for samples cooked for 4 and 12 hours. The carbohy
drate loss was 23.8 %. This loss would certainly represent an upper 
limit because the experimental samples were small with a large surface 
area per unit mass as compared to pieces of 60 cm length which have 
been recorded as being cooked in earth ovens (Best 1931: 16). Since 
carbohydrate loss occurred within the first hour, it would not make 
any difference how long Cordyline was cooked for the retention of this 
nutrient. Micronutrients--vitamins and minerals--are also lost by 
leaching. Vitamin C is the nutrient most easily destroyed in cooking. 
This is especially true in an oxidizing atmosphere. However, an earth 
oven would contain little air because of the confined fire. I did not 
analyse micronutrients in this study, but this could be an interesting 
problem for future research. 

I sampled the water in the bottom of the 25 cm diameter cooker 
after cooking for 12 and 36 hours. Leaching of carbohydrate during 
co2king was evident. The 12 and 36 hour samples had fructose to 
polysaccharide ratios of 1.3 and 2.9 respectively. This contrasts 
with the cooked Cordyline sample ratios of 2.4 and 4.1 for comparable 
cooking times. It appears that the polysaccharide most easily leached 
is also the most difficult to hydrolyse. Of course, any leached 
nutrients in an earth oven are lost. The leaching which occurred in 
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the cooker indicates cooking residues could exist in an earth oven 
after its use. Chemical analysis of these residues could lead to the 
identification of prehistoric cooking activities. This problem was 
explored in Chapter 2. 

Some ethn.ographic accounts of Cordyline cooking indicate that the 
sugar was caramelized. This caramelization could be interpreted to 
indicate that Cordyline was cooked by methods other than steaming 
because high temperatures generally associated with caramelization 
could not be reached in a steam oven. In fact, there are occasional 
refer_ences to Cordyline being baked (for example, Brunner 1952: 125, 
Colenso 1869:347, 1881:17). Was Cordyline cooked by either steaming 
or baking or a combination of these methods? There is also the 
possibility of an earth oven accidentally running out of steam . 
Would this be detrimental to cooked Cordyline and, furthermore, is 
there any possibility that the most successful cooking would have a 
long steaming time with a baking finish? Answers to these questions 
can be explored by looking at caramelization and comparisons of cook
ing Cordyline with dry and steam heat. 

Caramelization occurs most readily in the absence of water, but 
sugar solutions (syrups) will caramelize if heated strongly enough to 
form a sweet brown substance of carbohydrate-like compounds (Gaman and 
Sherrington 1981) Glucose has been found to form glucosan 
(1,2-anhydro-a-D-glucose) and levoglucosan (1,6-anhydro-~-D-glucose). 
Fructose gives levulosan (2,3-anhydro-~-D-fructofuranose). Other 
products would also be formed (Lee 1975:179-181). An answer to the 
caramelization question can be found by looking at the melting points 
of glucose and fructose which are 146 deg and 103-105°c respectively. 
This compares with a melting point of 170-186°C for sucrose--high 
temperatures which we usually associate with caramelization. Caramel
ized Cordyline can be produced since fructose is the main sugar in 
cooked Cordyline, and a temperature well over its melting point can be 
attained near the ovenstone-matting interface (Fankhauser i982). An 
experimental umu-ti (steam oven) built by Cox (1982) produced cooked 
roots covered with a brown molasses like syrup. He found that only 
roots with a diameter less than 2 cm caramelized. Roots of this 
diameter have little fibre with a gelatinous substance in them which 
is presumably rich in carbohydrate and would caramelize easily. 

I attempted to bake£...:.. australis using dry heat with no success. 
The pieces of root and stem dried quickly and subsequently charred. 
This was long before any cooking would have occurred. Similar results 
were obtained by Cox (1982) who tried to cook£...:.. terminalis roots in a 
propane oven at 200°c. Even if steam was used initially for cooking, 
Cordyline would be spoiled by the charring effect of dry heat. This 
is noted by Tikao (Best 1976:269) in his discussion of ti cooking 
where "burned contents of an oven were entirely lost, but the puna 
(oven) of underdone contents were rekindled, though the kauru would 
not be very palatable but would be puia (unpalatable, having a smoky 
taste) . " 

Since dry heat is detrimental to cooking, and caramelization 
could occur in a steam oven, I conclude that, at least in New 
Zealand, Cordyline was probably cooked by steaming even though there 
are occasional references to baking. 

• 
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NUTRITION 

I will now present the nutritive value of £.:.. australis. The 
results in Tables 4.2 and 4.3 indicate Cordyline contains a high per
centage of sugars--more than sugar cane (average 13%) or sugar beet 
(16%). However, before looking at the energy food, the nutrition 
provided by protein and fat will be investigated. 

The protein analysis results are presented in Table 4.2. The 
protein levels in the cabbage tree root and stem are comparable with 
those found in fruit and the top contains protein equal to many vege
tables (Osborne and Voogt 1978:84,87) 

An adult needs a regular supply of protein to replace routine 
nitrogen losses. If a person loses 5g of nitrogen, then this must be 
replaced with 5 g of dietary nitrogen in the form of protein. Protein 
is being lost from the human body and is replaced by eating foods such 
as vegatables, fish and meat. These foods contain different types of 
protein with varying qualities. Block and Mitchell (1946) showed the 
quality of a protein depends on its amino acid composition and partic
ularly on the essential amino acid make-up. 

However, Hackler (1977:55) points out that, 

a distinction must be made between protein quality which 
is an attribute dependent upon the amino acid composi
tion of proteins, and the efficiency of utilization, 
which takes into account both protein quality and 
quantity in the diet. Also, with respect to efficiency 
of utilization, the adequacy of the total diet to other 
nutrients, environmental conditions, and the age and 
physiological state of the recipient must be considered. 

Therefore, as I mentioned in the introduction to this chapter, 
mended protein requirements have built in safety factors. 
total diet must be adequate, i.e. contain enough energy; so 
is used for tissue building rather than as a source of energy . 

recom
And the 
protein 

There have been several methods developed for measuring protein 
quality such as net protein utilization (NPU), protein efficiency 
ratio (PER), net protein retention or ratio (NPR) and biological value 
(BV) (Frost 1959, Bodwell 1977, Bender 1982). These methods depend on 
bioassay data from rat studies. For example, BV is determined by 
measuring the amount of retained nitrogen (body protein) compared to 
the absorbed nitrogen (absorbed protein). All of these methods have 
their problems of accurately measuring protein quality. For example, 
BV does not take into account the digestibility of the protein food 
and PER values depend on the amount of food eaten. 

Block and Mitchell (1946) developed a method of estimating 
protein quality by chemical score based on the first limiting amino 
acid compared to a standard egg protein. A similar method was used by 
FAO/WHO (1973) employing a new amino acid pattern based on the more 
recent evaluation of human amino acid requirements. These methods 
provide only a simple number without information on the other amino 
acids. Young and Scrimshaw (1977) state, 
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As stated by Bender (1982:128), 
account all the essential amino 
index of Oser put forward many 
used." 

"the 
acids 
years 

only method that takes into 
is the essential amino acid 
ago and surprisingly little 

Several researchers have pointed out the high correlations 
between the essential amino acid index (EAAI) and various bioassays. 
Therefore, it is pointed out that " ... estimates of biological quality 
may be made from essential amino acids analysed with at least an equal 
degree of accuracy as can be obtained from the usual bioassays," 
(Hackler 1977: 62) . 

Oser (1959:284) defines his EAAI as 
ratios of the essential amino acids in 
respective amounts on whole egg protein: 

the geometric mean of the 
a protein relative to their 

EAAI 
(

Lys[p] x Try[p] x ... Leu[p]) 1/n 

Lys[s] Try[s] Leu[s] 

the standard whole egg protein, and 
entering into the calculation. When 

missing, close approximations of the 
by omitting the value and using the 

where pis the food protein, s is 
n is the number of amino acids 
certain amino acid values are 
EAAI can still be determined 
appropriate value of n. 

Calculation of the protein quality of~ australis using the EAAI 
requires that the values for the amino acids are expressed as g/100 g 
protein. I present these values in Table 4.11 along with the 
essential amino acid values for whole egg. The EAAI for the averaged 
December root and stem equals 70, and this is presented in Table 4.12 
along with some other common foods for comparison. The BV both 
observed and predicted with the equation, 1.09 (EAAI) - 11.7, deter
mined by Oser (1959) are also presented. The EAAI for~ australis 
has been calculated neglecting tryptophan because this amino acid was 
not included in the analysis. Also, histidine was not included in the 
calculation because it is essential only for children. However, 
including histidine gives an EAAI of 73. 

The quality of the protein for ~ australis is slightly higher 
than that of potatoes and wheat. However, the total protein on a 
fresh weight basis is only about one-fifth of that in potatoes and 
cooked wheat containing 79.7% water as shown in Table 4.13. The top 
has about four times as much protein as the stem and roots. The 
cabbage tree values in Table 4.13 are the averages of the November 
through February proximate analyses on a fresh weight basis. I aver
aged the analyses from these months because they would most closely 
represent values of cabbage trees as cooked by southern New Zealand 
Maori. All values in Table 4.13 represent the raw foods, i.e. no 
losses in nutrients from preparation and cooking have been considered. 
I also present the total kcal and kJ per 100 g of these foods. 
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Content of amino acids 
stem and root) and 

Amino Acid 

Asp 

Thr 

Ser 

Glu 

Gly 

Ala 

Val 

Met 

Ile 

Leu 

Phe 

His 

Lys 

Arg 

Trp 
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TABLE 4 .11 

in December £.:.. australis protein (average 
essential amino acids in whole egg protein 

(g/100 g protein) 

.Q_: Australis 

10.7 

4.4 

6.8 

16.0 

6.0 

7.6 

4.9 

2.3 

3.4 

6.8 

3.3 

15.9 

5.6 

6.4 

n.d. 

Egg 

5.0 

7.4 

3.1 

6. 6 

8. 8 

5.8 

2.4 

6.4 

1. 6 

of 

Note: n.d. = not determined. 

It is evident from this table that cabbage trees are not a good source 
of protein. To supply a 70 kg adult male with the recommended daily 
amount of protein, 56 g (Health and Welfare Canada 1976), would 
require a person to eat an amount of fresh cabbage tree equal to 18.8 
kg taking the quality of protein into considertion (assuming no cook
ing losses). This amount of cabbage tree would certainly supply 
enough fat in the diet (- 260 g), but would also supply a total of 
19,400 kcal (80.9 MJ) which is more than six times the recommended 
energy requirement--definitely a calorie overdose! Note that 
countries vary in their recommendations. 

According to Table 4.13, the fat content of £_,_ australis is 
several times that of other starchy foods presented. To supply a 
person with a minimum recommended amount of fat in the diet (1-2% of a 
3000 kcal daily requirement) would require about 100-200 g of fresh 
top or an equal amount of dried root or stem. About half this amount 
of winter root would be required because of the higher seasonal amount 
of lipid. This fat would contain the essential linoleic acid plus 
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TABLE 4.12 

Essential amino acid indexes (EAAI) and biological values 
of selected proteins 

., 
Biological Value (BV) 

,. Protein EAAI 1 
Predicted Observed 

.., Milk, cow 88 84 84 

~ Fish 80 76 83 

Potatoes (Solanum tuberosum) 65 59 67 

Sweet potatoes (!£omoea ~tat.as) 82 78 

~ Taro (Colocasia ~) 81 76 

Wheat (Triticum aestivum) 64 58 65 

, Cordyline australis (December root 70 65 
and stem average) 

\ 

1 FAQ (1970) 

TABLE 4 .13 

t-. Food composition: nutritive value of edible portion (%) 
I 

\ 
Carbo- kcal kJ 

Food Water Ash Fat hydrate Fibre Protein 
100g 100g 

Potato (SQlanum 79.8 0. 9 0.1 17.1 0.5 2.1 76 318 
·> tuberosum) 

"' Sweet Potato 70.6 1. 0 0.4 26.3 0. 7 1. 7 114 477 
I (II?.omoea l:>atata§_) 

Taro (Colocasia 72 .5 1.2 0.2 24.2 0. 9 1. 9 104 435 

~ 
esculenta) 

·;> Yam (I)iQscorea 73.5 1. 0 0.2 23.2 0.9 2.1 101 423 
~) 

r 
Wheat-cooked 87.7 0. 8 0.3 9. 4 0.3 1. 8 45 188 
(Triticum aestivum) 

~ 

Cordyline australis*: 
"' 

' Root 64.0 0. 9 1. 4 23.6 10.3 0. 4 103 431 ! 

Stem 68.3 0.7 1. 5 14.9 13.6 0. 4 71 297 

v 
Top 81. 5 1. 7 3.2 8. 8 4.5 1. 4 68 283 

* Average of November through February analyses. 

/ 
/ 
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other nutritionally important fatty acids. The 
better source of linoleic acid (Morice 1962, 
that they were not eaten by Maori. 

seeds would be an even 
1965), but it appears 

The total available carbohydrate from the root of .Q..,_ australis 
(Table 4 .13) is similar to that found in starchy foods commonly .form
ing a basis of nutrition. Of the 103 kcal/100 g (431 kJ/100 g) for 
the root, the carbohydrate supplies 86% of the food enery (see Table 
4.1 for energy values). This indicates that the cabbage tree could 
serve as an important carbohydrate (energy) supply which it most 
certainly did in southern New Zealand. The only other important 
available carbohydrate source would have been fern root (Shawcross 
1967; Leach 1969:35; Anderson 1982:50, 63; 1983b:1). 

A more realistic picture of the amount of£..:.. australis which 
would actually furnish energy can be presented by looking at the dry 
weights. This is due to the fact that Cordyline must be and was 
stored dry. Table 4.14 gives the same cabbage tree analyses as Table 
4.13, but on a dry weight basis. Eating about a kilogram of cooked 
dry root and stem would supply an adult with the daily requirement of 
food energy. This would also supply enough fat in the diet. However, 
this would not supply the minimum amount of protein and this would 
have to come from other sources such as meat and marine species. Meat 
from moa was available to southern hunters up until about AD 1500, 
and marine species were readily available at all times to southern 
Maori (Anderson 1982, 1983b). That the diet of prehistoric Maori was 
adequate has been confirmed by Houghton (1980). 

TABLE 4 .14 

Cordyline australis composition (% dry wt) 

Carbo- kcal kJ 
Part Ash Fat hydrate Fibre Protein 

100g 100g 

Root 2.4 3.9 65.6 28.4 1.3 286 1197 

Stem 2.4 4.7 46.8 43.6 1. 4 223 932 

Top 9.3 17.0 47.8 24.2 7.2 361 1509 

Note: Average of November through February analyses. 

CONCLUSIONS 

The main constiuent of .Q..,_ australis is non-structural carbohy
drate with a maximum content occurring in the stem during late-spring 
and summer. I found this maximum to be coincident with the time for 
harvesting and cooking by Maori as recorded in the ethnographic 
accounts. 

My hydrolysis research indicates 
fully cooked only during the warmer 
a seasonal harvesting activity. 

that the stem could be succ
1

ess
months. This fact also points to 

,/ 
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The polysaccharide consists of fructose and glucose units in a 
ratio of approximately 15 to 1. The high fructose content made ti 
(all species) an excellent sweetener. 

£.:.. australis would not be 
supplement fats in the diet. 
contains about four times the 

a good protein source, but would help 
This is especially true of the top which 
fat of roots or stems. 

All parts of the plant except the developed leaves would have been 
cooked by steaming for at least 24 hours, and during this time some 
nutrients would have been lost. 

Ti in cooked dry form would have been ideal as a carry-along food 
for activities such as hunting and traveling where it would have 
furnished a high energy easily transported food source. There can be 
little doubt that Cordyline served as an important energy source to 
southern New Zealand Maori who knew when to harvest and cook it for 
its maximum food value. 
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CHAPTER 5 

CONCLUSIONS 

Cordvline was an important plant prehistorically throughout the 
Pacific. The commonest member of this genus in the Pacific area is£..:_ 
terminalis with many varieties represented in different islands, 
especially in Polynesia. It provided food, cordage, medicine, and a 
material for plaiting. Its most important use was for food, and I 
have explored this aspect in depth in my thesis. 

£..:.. terminalis was introduced into northern New Zealand by Maori 
and was utilized by them along with four endemic species plus another 
Cordyline known as ti para. £..:.. australis is the most widespread 
species in New Zealand and would have been the main species available 
in southern New Zealand. 

Earth oven construction in New Zealand was similar to that 
described in other parts of Polynesia. Several ethnographic accounts 
exist which relate the method of harvesting and. cooking ti in New 
Zealand. Most accounts agree in their description of this process. 

I found from my excavations in South Canterbury that wood was 
first put into large pits, fired, and followed by up to several tonnes 
of stones. After the wood had burned down, the stones were probably 
levelled because they were evenly distributed in ovens which contained 
greywacke. Ovenstones appear to have been selected as to size, and in 
some instances they were carried a distance to be near sources of 
water or preferred locations on raised areas of land. Several species 
of trees served as firewood, but podocarps were principally used. 

Excavations revealed that ovens 
done to save the effort of digging 
ovenstones. When ovens were 
them. This came from adjacent 
perimeter of the ovens. 

reused, 
borrow 

were reused. This was probably 
a new pit and it also provided 

more soil was needed to cover 
pits and in some cases from the 

In my two major excavations, I found no evidence of camping near 
the ovens and there were no artefacts associated with their use. The 
complete absence of any prehistoric faunal remains points to the use 
of large ovens for cooking a vegetable food. This could only have 
been ti given the density and distribution of oven sites in South 
Canterbury. I conclude that most, if not all, of the large ovens 
which I investigated in South Canterbury were used for cooking ti and, 
therefore, are umu ti. 

Most ovens which I recorded in South Canterbury are located in 
the hills along the Waitaki River and in the foothills rising from the 
Canterbury plains. This probably represents the distribution of ovens 
prehistorically as ethnographic accounts indicate Maori travelled 
inland to the hills to harvest ti. Most ovens are near streams and 
50% of the 82 large ovens which I studied are on stream banks. There 
seems to have been a preference by Maori for certain areas of South 
Canterbury, and they must have returned to the same areas year after 
year. 
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Results from radiocarbon dating 
earth ovens were used throughout 
occupation in South Canterbury. 

on 
the 
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charcoal indicate that large 
prehistoric period of Maori 

increased from early occupation up to 
in the early to mid-1800s. Early ovens 

recent ovens dated are all rectangular. 
most likely due to the influence of the 

Oven and ovenstone size 
the abandonment of ti cooking 
are circular and the most 
This change in style was 
Ngatimamoe and Ngaitahu. 

I have considered some of the problems of radiocarbon dating of 
charcoals, especially those connected with my research programme, 
where dates were derived from long-lived species. I obtained a total 
of 34 C-14 dates. This large data base allowed me to assess the dates 
in connection with the fire history of South Canterbury. A clustering 
of dates around 600 years BP appears to be the result of forest fires 
started by Maori. After this time, the firewood which was used in 
ovens was from this burn-off resulting in few ovens being radiocarbon 
dated after roughly 600 years BP (and giving many pre-600 year BP 
dates which are too old). I have also argued that the initial settle
ment of South Canterbury along with most of southern New Zealand 
occurred at roughly 750 years BP. 

Residue analyses on soil which was collected from large raised
rim ovens indicate the ovens were used for cooking£..:.. australis. 
However, these results are only tentative at this time and much more 
research needs to be done in this very difficult field to determine 
the effects of ageing on organic substances. 

Insect remains provided a determination of seasonality on selec
ted ovens. They point to a late spring to autumn use for large 
raised-rim ovens in South Cnterbury. 

My thermoluminescence (TL) dating research involved the construc
tion and setting up of TL dating facilities. The equipment was found 
to be reliable. With this equipment, I developed an inclusion method 
of TL dating using quartz from greywacke ovenstones. This method has 
the potential to give more accurate dates than C-14 dating on char
coal. For earth ovens, TL dates the actual prehistoric event, i.e . 
the firing of ovenstones, whereas, radiocarbon dating on charcoal has 
an additional inbuilt age from the tree and the time elasped until it 
was used as firewood. 

Dose rates to quartz in greywacke ovenstones were determined by 
U, Th, and K analyses using gamma-ray spectroscopy. I also used TL 
dosimetry to determine environmental dose rates. Capsules containing 
CaS04:Dy were buried in ovens for up to a year. Dose-rate determin
ations by TL dosimetry were similar to those from gamma spectroscopy. 
A good estimate of dose rates was obtained by considering an infinite
medium greywacke and using the results from gamma spectroscopy. 
Dose-rate corrections for radon escape and ground-water uptake were 
negligible for greywacke ovenstones. 

I researched the distribution 
in greywacke. This resulted in 
rates to quartz. 

of quartz and radioactive minerals 
an accurate determination of dose 

I developed a method of determining etching rates and discovered 
that quartz from greywacke is readily attacked by HF acid. Most of the 
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quartz on which I measured TL was over-etched. This resulted in low TL 
outputs and consequenty there were large errors in TL dates. However, 
most of the problems with TL dating of greywacke have been solved, and 
I have given a TL dating method which can be widely applied in New 
Zealand. 

A comparison was made between TL dates and C-14 dates on the 
same ovens. Not unexpectedely, the TL ages are less than comparable 
C-14 dates. I have confidence in the TL dating method and think it 
can be useful to New Zealand archaeologists. 

An important question which I considered in my research was, why 
was Cordyline used as a food? With such a widespread acceptance and a 
great deal of labour involved in its cooking, it must have been a 
desirable food. Since my research was mainly concerned with 
Cordyline usage in southern New Zealand, chemical analysis of£.,_ 
australis was seen as a means of answering this question. 

I analysed samples collected monthly over a period of one year. 
Analyses for protein, fibre, fat, and ash were relatively straight
forward because of their importance in food analysis. High perform
ance liquid chromatography was used for carbohydrate analyses because 
it gives rapid qualitative and quantitative results. 

.Q..:,. australis roots and stems contain very little protein, only 
about 20% as much as potatoes (Solanum tuberosum). The fat content, 
however, is about 15 times as much as potatoes. The carbohydrate 
levels in the roots are equal to those of taro (Colocasia esculenta) 
and yam (Dioscorea ~) with the stem containing about 1/3 less. 
These results are an average of late spring and summer plants. 

I found stems have a maximum carbohydrate level during this 
period. The maximum level coincides with the recorded times for ti 
harvesting in New Zealand. Evidently, the Maori knew when to harvest 
Cordyline for its maximum yield which is at the time of flowering. 
They probably did not bring this seasonal knowledge with them from the 
tropical Pacific because .Q..:,. terminalis flowers at all times of the 
year in a tropical climate. I also found the stems of .Q..:,. australis 
would not cook well during the winter because of a change in the 
structure of the polysaccharide during hardening. 

The cooking process involves the breaking down of the polysac
charide, a glucofructofuranan, into glucose and fructose which give 
cooked ti its sweetness and palatability. Similar polysaccharides 
were found in four species of Cordyline including£.,_ terminalis. 

My cooking studies revealed that £.,_ australis requires about 24 
hours at 100°c to cook fully. All ethnographic accounts indicate long 
cooking times were used of from one to three days or longer. Some 
nutrients would be lost during the cooking process. I estimate this 
loss to be roughly 10%. 

Even though there are occasional references to baking ti, I 
think it was only prepared by steaming in New Zealand. Even steam 
ovens can get hot enough to caramelize ti because of the low melting 
point of fructose, the main carbohydrate found in cooked ti. Fructose 
is the sweetest of all monosaccharides and is presently used in the 
food and beverage industry because of its desirable properties. 
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I determined the protein quality of£.,_ australis from amino acid 
analyses. It is higher than that of potatoes and wheat. Since the 
quantity of protein is low,£.,_ australis would not be a good source of 
protein. On the other hand,£.,_ australis is equal in energy value to 
other common starchy foods which form the basis of diets throughout 
the world. Its sugar content, mainly fructose, surpasses that of 
sugarcane and sugar beet in both sweetness and quantity. 

I conclude with a scenario of how ti could have been harvested 
and cooked in South Canterbury. I estimate the energy involved in the 
process and give an input/output energy analysis. My scenario takes 
place over four days in early summer about 500 years BP. 

Energy requirements for various activities have been given by 
Pyke (1970), Clark and Haswell (1970), and Altman and Dittmer (1968). 
The energy expended in any task is above that of the basal metabolism 
rate (BMR). In the input/output analysis below, I use mainly the BMR 
value of 45 kcal/hour given by Pyke (1970), although this value varies 
depending on the study (cf. Altman and Dittmer 1968:344-345). I use 
kcal because they are more familiar to most people, but conversion to 
kJ can be made by multiplying kcal by 4.19. 

Preparations for harvesting ti were made in advance and thus, 
when ten men leave at 6 am on day one, they are well prepared for the 
task ahead. They carry adzes, rope, baskets, some food, and matting 
for covering the ti while it is being cooked. Matting was also made 
on site. They leave their permanent settlement on the coast and walk 
20 km inland to the foothills just above the plain. They walk at an 
average rate of 4 km per hour which requires an additional 180 kcal 
per hour above BMR giving 225 kcal/hr per man for a total of 11250 
kcal for ten men in the fiv~ hour trip (Table 5.1) . 

They select a site to dig the oven in a sheltered valley on a 
stream bank. This area is well known to them because this is their 
second trip to cook ti this year and they have been returning to this 
general area for many years. Cooked ti from their first trip is dry 
and ready to carry back to the settlement. All the materials needed 
including ti (£.,., australis) and firewood are close at hand. Stones 
are in the stream. They agree to dig a completely new oven rather than 
reuse an old one. The new oven will be reused again this summer. 

After a brief meal, they start to work. They reuse some digging 
sticks left from their first trip and make some new ones. They set to 
work gathering and preparing the ti. This is fairly strenuous work 
and requires about 320 kcal/hour per man (Table 5.1). They select 
young plants with an average usable stem length of 1.5 m and a 
diameter of 10 cm. The cone shaped roots are, on average, 0.75 m 
long. 

After some plants are dug, two of 
them into lengths of from 60-75 cm. 
the plants are fresh and a ~ingle 
Some tops (undeveloped leaves) are 
saved for covering the stones in 

the men strip the bark and cut 
The bark comes off easily when 

adze blow cuts through the stems. 
saved for food and the leaves are 
the oven. The other tops are 

replanted 

, 
At the end of the first day the ti has been gathered. After 

some leisurely activities and repairs to adzes and digging sticks, the 
men sleep for nine hours. 

,,/ 
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TABLE 5.1 

Energy analysis of ti (.Q..:.. australis) harvesting and cooking 

Input: Activity No. Hours Energy Total 
Men Required Energy 

(kcal/hr) (kcal) 

Travel to location (20 km) 10 5 225 11250 

Gathering and preparing ti 10 20 320 64000 

Collecting stones 5 4 300 6000 

Collecting wood 5 2 280 2800 

Digging oven 5 5 320 8000 

Preparing oven 5 5 280 2800 

Uncovering oven 5 1 300 1500 

Return to settlement 10 6 385 23100 

Subtotal 119450 

Other activities 10 15 130 19500 

Sleep 10 27 70 18900 

Total 157850 
---------------------------------------------

Output: ti, 325 kg (dry wt.) 

Output/input ratio: 

811000 

5.1 

They rise at 6 am on the second day, eat and start to work. On 
this day they complete the preparations for cooking. Four men 
collect stones from the stream. This activity requires 300 kcal per 
hour (Table 5.1). They pile them next to the pit which is being dug 
(Figure 5.1). Others are collecting wood. They pick off branches from 
totara trees which have fallen. These trees were killed in a forest 
fire which occurred in the past hundred years. 

Some men catch eels from the 
with£..:.. australis tops in a small 
short distance from the oven site. 

stream. These are cooked along 
steam oven located in their camp, a 

At the end of the day everything is 
in the morning. The three metre diameter 
the ti is bundled. A shallow oven has 
oven. A short ceremony is performed by the 
the ti are cooked in the shallow oven. 
hours. 

ready for lighting the oven 
pit is filled with wood and 

been dug next to the large 
tohunga where some tops of 

The men again sleep nine 
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FIGURE 5.1 Maori digging a pit and collecting stones for an umu ti. 

On the third day, a fire is lighted in the pit. It is a wind.:y -
day causing the fire to burn intensely. When the wood is alight, th.€ 
stones are thrown in the pit (Figure 5.2). After four hours, the fi:i:-€ 
has burned down and the stones are hot. The stones are shifted abou.t 
with poles, and then fern and ti leaves are spread over the stones. 
The bundles of ti are placed in the oven (Figure 5.3). Water Ls 
poured over the bundles which are. then covered with matting and soil. 

After this is done, there is very 
the day except to bundle the ti from the 
the return journey. The men have a good 

little to do for the rest of 
first cooking and prepare for 
sleep. 

In the morning, the oven 
5.4). This operation requires 
sweet smell of burning sugar 
drying racks to dry until they 
the settlement. 

is opened and the ti removed (Figu:i:-e 
300 kcal per hour (Table 5 .1) . Th.e 
permeates the air. The ti is put on 
return again to carry this lot back to 

They return to the settlement carrying dry ti from their first 
harvest. Now that they are carrying a heavy load, they take longer to 
return (six hours) and expend more energy (385 kcal/hour). Tota1 
energy expenditure for the four days is 157850 kcal. 

Now I look at the output for this activity. The fresh weight of 
the 80 ti plants which were cooked totals 1188 kg which includes 1 008 
kg for the stems and 180 kg for the roots. Note that I have assumed 
the stems are cylindrical and the roots are coni3al. The density of 
fres§ ti is greater than that of water: 1.07 g/cm for stems and 1.13 
g/cm for roots. Unless an oven was located near to settlements, it 
would be a difficult task to carry freshly cooked plants. 

3
However, 

when ti is dry the ~terns have a density of about 0.26 g/cm and the 
roots are 0.35 g/cm. The dry weight of the 80 ti plants would be 325 
kg and the amount carried would only be limited by the bulk which one 
could handle. 

/' 
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FIGURE 5 .2 Maori throwing stones onto the burning wood of an umu ti. 

_;. 

FIGURE 5 . 3 Placing of the bundles of ti for cooking in an~ ti. 
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FIGURE 5.4 Opening the urnu ti and removing the cooked ti. The drying 
platform for ti can be seen in the background. 

The energy value from the fresh ti can be determined using my 
results in Table 4.13. Note that the energy which could be provided 
by the tops is not included in this analysis. The sterns at 71 
kcal/100 g will supply 715680 kcal of food energy. The roots supply 
185400 kcal. If a 10% loss of nutrients during cooking is assumed, 
then the total energy provided by 80 plants is 811000 kcal. This 
results in an output/input ratio of 5.1:1. 

This compares favourably with the output/input ratio of i.9:1 
found for collecting rnongongo nuts by the !Kung bushmen, a hunter
gatherer society, (Lee 1969, Pimental and Pimental 1979:28-35). 
Although the output/input energy ratio for ti gathering is not nearly 
as high as that for horticulture (- 16:1 in Papua New Guinea 
[Rappaport 1971] and 12.5:1 in Mexico [Pimental and Pimental 1979: 
39-40], it is probably better than that for most hunter-gatherers who 
have an average output/input ratio of about 4:1 under ideal conditions 
(Pimental and Pimental 1979:39). 

The southern New Zealand Maori were fortunate to have Cordyline 
close at hand. A single hectare of £.,_ australis plants of the size 
which I have described, if spaced an average of 5 rn apart, contains 
about 4.5 million kcal of potential food energy. Each !Kung bushman 
requires 1040 hectares of habitat from which to gather food (Pimental 
and Pimental 1979:31). Maori would have had a more favourable 
environment in which to hunt and gather. One of the reasons for this 
good environment would have been the concentration of ti in certain 
areas (cf. Clark and Haswell 1970) . 

Although it was a strenuous activity, I conclude that the 
havesting of ti was worthwhile. No doubt this is one of the reasons 
it was so widely used throughout most of the Pacific including New 
Zealand. 
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APPENDIX 1 

NAMES OF CORDYLINE SPECIES 

EAST ASIA 

See Steiner (1961) for a list of names for China, Indochina, Indones
ia, Japan, Malaya, and the Phillipines . 

OCEANIA 

MELANESIA: 

Fiji: masawe, valsilidamu, 
vasilitoga (Parham 1943, Steiner 1961) 
qai (Parham 1972, Steiner 1961) 
ti, yakota (Steiner 1961) 
ti-kula, qui, vasili-kau, vaivai (Seeman 1865-73, Parham 1943) 
vasili-dina, vasili-qio, vasili-qui, vakta (Parham 1943, 1972) 
nggai, nggainggai, vasili ni veikau, vasili 
Tonga, nakota, kokota, ngolo, vasili ndamu (Smith 1979) 

New Caledonia: ti, __ diro (Houilou) , s' oti 
(Canala), di (North), uji (Ouvea), rhewire 
(Bourail), emuing (Kone), weik (Temala), do, 
no, (South), edule (Mare) (Leenhardt 1946) 

Papua New Guinea: Tanked (Pidgin), taqoto, laqa 
(New Britain), tavea (Bougainville, Teop) (Steiner 1961) 

MICRONESIA: 

Caroline Islands: 

Koror: sis 

Ngatik: thing 

Truk: tin 

Ponape: ting 

Yap: riit 

Palau: sis 

POLYNESIA: 

Austral Islands: 

Raivava,e: ti 

Rapa: karokaro, rauti, ti 

Rimartara: ti 

Cook Islands: ti 

(Steiner 1961) 

(Christian 1897) 

(Barrau 1961, Steiner 1961) 

(Barrau 1961, Christian 1897, 
Steiner 1961) 

(Barrau 1961, Steiner 1961) 

(Barrau 1961) 

(Brown 1931, Steiner 1961) 

(Brown 1931, 1961; Steiner 1961) 

(Brown 1931, Steiner 1961) 

(Brown 1961, Steiner 1961) 
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Easter Island: ti 

Hawaii: ki, ti 
la'i, lau'i 

(Brown 1924) 

(Brown 1931, Handy & Handy 1972) 
(Steiner 1961) 

Marquesas: ti, auti, (refers to 
leaves) (Brown 1931, Steiner 1961) 
auti kopa, auti puhehe (Nukuhiva, 
Tai Vai), auti popoi (Nukuhiva, Hakaui) 
auti kua (Fatuhiva, Nukuhiva, Omoa, 
Taiohae), auti ma'oi (Hivaoa) 
auti puhehe 

New Zealand: 

Cordyline australis: ti kauka, 

(Brown 1931) 
(Petard 1946) 

ti kouka, ti rakau, ti whanake (Best 1976, Williams 1971) 

249 

ti pua (Moore & Edgar 1976, Williams 1971) 
kauka tarariki, kauru (steamed), 
waitau kauru (in water) 
awe 
ti rahau 
ti para 

Cordyline banksii: ti torere, ti parae, ti 
ngahere, ti kapu 

Cordyline indivisa: ti kapu, ti toi 
ti kupenga, matuku-tai, mataku tai 

Cordyline pumilio: ti koraha, ti papa, 

(Best 197 6) 
(Williams 1971) 
(Hooker 1867) 
(Best 1931) 

ti rauriki (Best 1976, Williams 1971) 
mauku (Best 1976) 

Cordyline terminalis: ti pore (Best 1976, Williams 1971, 
Cheeseman 1906) 

Cordyline species: ti para, ti kowhiti, 
ti tawhiti, ti mahonge, kouka taratiki, 
ti manu, ti puatea, ti tahanui, kopura 
(refers to tap root in Wanganui) (Best 1931, 1976) 

Niue: si, si ngau, si matalea 
ti, tigaw, ti matalea 

(Sykes 1970) 
(Steiner 1961) 

Samoa: ti (Brown 1931, Christophersen 1935) 
tivao, fagasa, toga, togotogo, uea, 
'ula, vai, fanua, laumanifi, ufi, uli 
ki, lau ti, okelehao and oke (fermented 
drink) 

(Christophersen 1935) 

(Steiner 1961) 

Society Islands: ti (Brown 1931, Steiner 1961) 
ti (design~tes the root), auti 
(name applied to the tree) (Petard 1946) 

Tahiti: ti, auti (Barrau 1965, 1971; Steiner 1961) 
rauti (Steiner 1961) 
matine, taratara tau aroha, huia, 
ma'opi, opoe, paru, rau aha, rau roa, 
tao, ura, uti, vai ra'au, vauvau mahi (Petard 1946) 
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APPENDIX 2 

USES FOR CORDYLINE IN OCEANIA 

EAST ASIA 

Phillipines: 

Boundary marker, ritual purposes, medicine (Barrau 1965). 

MELANESIA 

Fiji Islands: 

Food, cure for toothache and earache, cold and cough relief, skirts, 
food wrapping, hedges, cattle fodder, anti-syphilitic medicine from 
the outer rind of the flower stalk (Seeman 1865-73, Parham 1943). 

New Caledonia: 

Magical or ritual purposes (Barrau 1965). 

Papua New Guinea: 

Food, boundary marker, wound dressing, headache and fever relief, 
treatment of dysentery and diarrhoea, used in rituals and magic, oven 
lining, food wrapping, measuring rope, dress, body ornament (Powell 
1976, Barrau 1965) . 

\ Vanuatu: 

Magical or ritual purposes (Barrau 1965). 

POLYNESIA 

Austral Islands, Rapa: 

Sweetener for poi, clothing (Brown 1931). 

Cook Islands: 

Food, skirts, food wrapping (Buck 1944, Massal and Barrau 1956). 

Easter Island: 

Food, tattooing powder from soot of leaf, thatching (Brown 1924, 
Palmer 1870). 

Hawaiia~ Islands: 

Food, food wrapping, hedges, thatching, imu covering, medicine: cough 
relief and laxative, rain capes, sandels, rope, ceremonial uses (Handy 
and Handy 1972, Seeman 1865-73). 
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