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Summary 
An examination of recent aerial photographs of the northern crater on Oldoinyo Lengai, an active carbonatite 
volcano in northern Tanzania, revealed flows with morphological properties unlike any previously seen in the 
crater. An increase in explosive activity, coupled with the eruption of a 6 m thick flow with crevasse structures in 
June 1993 suggested that there may have been an abrupt change in the chemistry of the eruption products at that 
time. Methods currently applied to planetary lava flows suggest that the thick flow had higher apparent viscosities 
and yield strengths than those erupted previously on Oldoinyo Lengai. The inference that follows from these 
calculations is that the lavas are highly evolved silicates. However, thin section examination of the rocks collected 
from the Chaos Crags flow during a study of the volcano in October 1993 have shown that the unusual flow 
morphology of the Chaos Crags flow was not the result of a change from carbonatite to silicate chemistry; it was a 
consequence of the eruption of high crystallinity carbonatites. In this contribution, we question the usefulness of 
remote sensing measurements in assessing the composition of this and other lava flows. 

Introduction 
Oldoinyo Lengai has been erupting carbonatite lavas between April 1983 and June 1993 [1,21. Prior to an 
explosive event in mid-June, activity was characterised by the quiet extrusion of low-viscosity lava flows. The 
thick, viscous lavas erupted in June 1993, hereafter referred to as the Chaos Crags flow, were clearly different As 
part of our investigation of the plumbing and petrological development of this volcano, we wished to establish 
whether the changes in June reflected an input of silicate magma into the summit crater. This study has obvious 
planetary implications, not only for assessing the usefulness of remote sensing methods in determining 
composition from lava flow morphology; but also because some Venusian lavas are highly alkaline, particularly 
the sample from Venera 13 which resembles olivine nephilinite [3]. The close association between nephilinites and 
carbonatites supports the view that some of the lavas on Venus may be carbonatites; consequently any terrestrial 
information on flow morphology of carbonatites and related rocks is of potential planetary interest. 

Compositional data based on the interpretation of aerial photographs 
A study of aerial and ground-based photographs taken in June and October 1993 reveal some of the features that 
characterise the Chaos Crags flow (see figs 1 & 2 in Pinkenon et al., this volume). The flow, which was 6 m 
thick at the snout and had a length of 150 m, emerged from a the breached cinder cone on the E side of the crater; it 
has well developed fissures parallel and transverse to the flow direction. 

We agree with previous workers that the lengths of lava flows provide little useful compositional information; 
while most rhyolitic lava flows are only a few km long, some have lengths in excess of 30 km [4]. Similarly, 
some phonolite flows with Si02 contents in the range 52% to 59% are 250 km long [5]. Recent modelling [6-81 
suggests that rhyolitic lava flows have the potential to travel as far as the most extensive basaltic lava flows. In 
addition, the lengths of lava flows are functions of erupted volume, eruption rate and other physical and 
environmental properties including viscosity [6,8]. Thus the short length of the Chaos Crags flow is not, on its 
own, evidence of a high viscosity. 

Most workers use the dimensions of levees or lobes to extract compositional information from lava flows. 
For example, if we approximate lava flows as Bingham fluids, the yield strengths of the lavas can be calculated 
from z = pghlw where the mean flow thickness, width and density are denoted by h, w and p respectively [41. 
Applying this equation to the Chaos Crags lava flow on Oldoinyo Lengai the calculated yield strengths range from 
4000 to 8000 Pa. This is several orders of magnitude higher than the measured yield strengths of carbonatite 
lavas, and it is 2 to 3 times greater than the mean value for basalts [4]. 

Using the methods developed by Crisp & Baloga [9] and relevant physical properties of natrowbonatites in 111 
& [lo-131, calculated emplacement times for the Chaos Crags flow range from 46 hrs to 1160 hrs. However, 
observations of the volcano indicate maximum emplacement time of 336 hrs. Using emplacement times of 46-336 
hrs, advance rates of the flow front range from 0.45 to 3.3 m hr-1. Inserting these into the Jeffreys equation, 
calculated viscosities range from 3.107 to 7.108 Pas. These viscosities place it within the range considered to be 
appropriate for rhyolites (3, 14), though the yield strengths would suggest a composition closer to basaltic andesite. 
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Fieldand laboratory observations and measurements, October, 1993 
Field measurements confmed that the flow front was 6 m thick, though the general level of the upper surface 

of the flow was 12 m above the older underlying lava flows. The flow front contained metre-sized hgments of the 
breached cinder cone. In addition to the crevasse structures seen in the aerial photographs, well developed grooves 
and slickensides were an obvious feature on the flow; these had not been found previously on carbonatite lava 
flows. Indeed the structures encountered on the flow are reminiscent of similar structures observed on andesitic 
flows [151. However, field and subsequent laboratory investigations showed that the lavas were carbonatites. Why 
does the Chaos Crags flow have such a different morphology compared with 'normal' carbonatite flows? 

Previous investigations have shown that two basic types lava flows are erupted on Oldoinyo Lengai. Gas-poor 
pahoehoe lavas are Newtonian with viscosities in the range 1 to 5 Pas whereas gas-rich lava flows are viscoplastic 
with unit strain rate apparent viscosities of 70 to 120 Pas [1,12,13]. The presence of gas clearly has a marked 
effect on the rhwlogy of carbonatites. However, the vesicularity of the Chaos Crags lavas is less than 5%, and 
cannot explain the high viscosities. Aternative explanations for the anomalous rhwlogy are that the lavas 
contained an immiscible silicate fraction, and hence behaved as an emulsion during flow, or that they had an 
unusually high crystallinity. Thin section examination show that the rocks were natro-carbonatites with up to 60% 
crystals and occasional silicate globules. A detailed study of these has revealed unequivocal evidence of magma 
unmixing; however, the presence of small percentages of globules will not have a significant effect on the rheology 
of these flows, and the chemical effects of the silicate component on the viscosity of the melt are negligible. Field 
and laboratory rheological measurements on carbonatites from Oldoinyo Lengai show that the viscosity of these 
rocks increases from 1 Pa s to 245 Pa s as the temperatures drop from 636 C to 544 C [12,13]. While we have not 
yet measured the rheological properties of natrocarbonatite lavas with the high crystallinities that characterise the 
Chaos Crags lavas, the apparent viscosities and yield strengths of lavas increase exponentially once the crystallinity 
exceeds 55% [16]; thus the anomalous rheology during emplacement of the Chaos Crags flow can be explained 
simply by the high crystallinity of the lava. 

Discussion 
The reasons for the high crystallinity of the Chaos Crags lavas are, as yet, unclear. However, an examination of 
the flow has revealed that the lava occupied the source cinder cone for some time prior to breaching. During that 
time, a 50 cm thick crust developed on the surface of the flow; it is this crust that fractured t form the crevasse 
structures and other fractures during flow. The observed grooves and slickensides formed at the junction between 
the crust and the underlying cool plastic lava. Crustal formation time calculated from measured crustal thickening 
rates in 1988 [13] is 10 hours. These times are compatible with the aerial observations of the crater during the 
eruption. However, they are considered to be too short to permit 60% crystallisation. We are currently 
investigating the relationship between the 'normal' natrocarbonatites and those erupted at Chaos Crags. 

This study has c o n f i e d  the conclusions reached by previous workers 1e.g. 17,181 that rhwlogical properties 
calculated using methods currently used to study planetary lava flows will not always reveal useful compositional 
data; without detailed field and subsequent laboratory investigations of the lavas on Oldoinyo Lengai, invalid 
conclusions would have been reached about the composition of the rocks erupted from this volcano. 
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