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The roles of carbon dioxide and carbonate-rich phases are trllportant in the generation 
of melts at depth for both terrestrial [l] and planetary [2] mantle compositions. Accurate 
values for the latent heat of fusion, viscosity, and thermal d i f f u s ~ t y  are required to model 
the behaviour of these unusual liquids during their generation. segregation, ascent and 
eruption. They have been used during recent investigations into the fomation of erosion 
channels which are morphologically similar to some lunar sinuous rilles [3]. In a previous 
study, Treiman and Schedl [4] have attempted to estimate the properties of natural 
carbonatites by comparison with sodium cafbonate melts. Treiman [5] has also tried to 
determine the heats of melting of carbonatite magmas by extrapolating data from binary 
phase equilibria. Krafft and Keller [6] have used Differential Thermal Analysis to measure 
the melting and freezing pohts of natural carbonatite lavas. 

Natro-carbonatite lavas were collected from Oldoinyo Lengai, the only active carbonatite 
volcano in the world. by the authors in November 1988. Field data were also collected from 
the active lava flows. These include viscosities; extrusion temperatures and effusion rates. 
In addition, the cooling rate of a small lava lobe was measured, and this permitted the 
thermal diffusivfty to be estimated using a solution to Fourier's heat conduction equation [7]. 

On return to the U.K.. the thermal properties of these lavas were determined using 
thermogravimeti-ic analysis (TGAl and differential scanning calorimetry (DSC) [8] using a 
Perkln-Elmer Series 7 Thermal Analysis System. The physical properties measured using 
these methods are mass and energy, respectively. Thermogravimetric analysis is the 
measurement of the weight change of a sample as a function of temperature and time. This 
weight change can be due to chemical reactions. decomposition of the sample or volatile 
exsolution and release. 

Measurements on the carbonatites uslng TGA have produced some interesting results. A 
significant weight loss occurs in two main phases. Firstly, at approximately 100oC. the 
carbonatite loses between 1 .O and 2.0 wt%. This is interpreted as being due to the loss of H2O- 
adsorbed on to the surface of the rock Dawson [91 describes a dramatic change in coloration 
of the natrocarbonatite which took place during the 1966 emption of Oldoinyo Lengai. The 
carbonatites changed from black to white after only 24 hours exposure to the atmosphere. He 
attributed this phenomenon to surficial hydration of the sodium carbonate to nahcolite 
(NaHC03). This same colour change was observed in November, 1988. It is proposed that, in 
spite of precautions taken during sampling and subsequent transportation, the test samples 
were also hydrated. Secondly. a weight loss of up to 30 wt% occurred above 6500C. In this 
temperature range, the sample changed from a black liquid to a turquoise powder. This 
weight loss is attributed to the decomposition of the carbonate phases to produce the relevant 
axides and with an  accompanying release of carbon dioxide. 

DSC is the thennoanalytical technique which measures the heat flow into and out of a 
sample p a n  This is then compared to an empty reference pan and the difference is attributed 
to endothermic or exothermic reactions in the sample. The DSC can be used to detennine the 
temperatures and heats of transitions. In addition, the measurement of heat transfer 
through the sample, and through a comparative substance. can lead to accurate 
determinations of the specific heat capacity of the test material. A typical DSC graph is 
shown in Fig 1, The major peaks in the interval 47CPC-53WC are interpreted as being due to 
fusion of the carbonatite powder. The major phases distinguished petrographically are 
nyerereite [(Na0.82. KO. i8)2Ca(C03)20 gregoryite [(Nao.78.Ko0o5)2Cao~ 17(C03)1. and a 
chlorine-rich type of nyerereite, with sylvine, a (Mn,Fe,Pb) sulphide, fluorite and barite as 
accessories [71. It is proposed that the separate peaks are due to the melting of the three major 
phases. The smaller peaks at the higher temperatures are probably due to the fusion of the 
minor phases. The solidus temperature thus determined is between 4700C and 49CPC. 

The area under a DSC peak is a measure of the heat required to make the transition. 
Hence the area under the melting peak will be the latent heat of fusion of the test material. 
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Values of the latent heats of fusion and crystallisation of the carbonatites are given in 
Table 1. The determination of the specific heat capacity of a substance using DSC is based 
upon comparing the intake of heat by the test substance relative to that of a standard 
material of known heat capacity. This has been used to measure the heat capacity of the 
mtrocarbonatite over the temperature range 47°C-5670C. The results are shown in Fig 2. 

In summary, the melting behaviour and some of the important physico-chemical 
properties of natrocarbonatites have been studied using thennoanalytical methods. These 
d u e s  can be used to accurately model the generation, ascent and eruption of terrestrial and 
planetary magmas, 
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A Typical DSC Plot 

Type of Latent heat Latent heat of 
lava of fusion c 

/kJ kg1 

Gas-free 119.5 

Gas-rich 89.6 

Basalt 508.0 
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