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OBSERVATIONS OF INDUSTRIAL SULFUR FLOWS: 
IMPLICATIONS FOR 10;  S.W. Lee, LASP, Univ. Colorado, Boulder, CO 80309; D.A. 
Crown, N. Lancaster, and R. Greeley, Geology Dept., Arizona State Univ., Tempe, AZ 85287 

Interpretations of existing data concerning the possibility of sulfur flows on 10 [I-31 are 
hampered by poor knowledge of the thermal properties and rheologic behavior of sulfur flows, 
especially under the conditions present on 10. Few natural sulfur flows exist on Earth [4-91, and 
only one has been observed while active [4]. Recent observations of industrial sulfur flows, 
which are much larger than are possible to produce in a laboratory, may provide important 
information concerning natural sulfur flows on both Earth and 10. 

Our observations are of sulfur mined by the Frasch process; wells are drilled into sulfur-rich 
limestone and - 165" water is circulated to melt the sulfur. Liquid sulfur (99.6% pure) is then 
pumped from the wells and transported in molten form to "sulfur terminals". There, it is either 
stored in tanks as a liquid or solidified into large vats (solid sulfur walls - 5 m thick and - 15 m 
high, vat area - 100 m on a side). Liquid sulfur at - 130" C is poured onto the vats at a rate of 
- 15 metric tonslminute (- 7.5 m3/rnin), with each "vatting" totalling - 500 metric tons (- 250 m3 
of liquid sulfur). Although a total thickness of 6-10 cm results from each "vatting", individual 
flows are emplaced as extremely complex, thin (- 1 cm), multiple flow units. 

Flows advance in unconfined lobes and channels. Flow lobes spread rapidly, and as the 
flow cools andlor the local flow rate decreases, a crust forms over much of the surface. Crusted 
lobes are very plastic and deform easily as flow continues beneath the crust. Channelized flows 
exhibit marginal levees composed of cooled sulfur. Breakouts occur at channel and flow margins, 
and flow over lobes and levees to form additional channels and lobes. Small crystal aggregates, 
froth due to turbulence, and crustal plates are commonly observed on both channelized and 
unchannelized flows. Crystals and small plates aggregate in slow-moving and quiescent areas of 
channels and along channel margins, and can be iricorporated into fast-moving portions of flows. 
Crustal plates can raft together to form continuous crusts overlying channels ("sulfur lava tubes"). 

Samples of overturned crust (- 1 cm thick) exhibit growth of acicular crystals (1-3 cm long 
into the molten sulfur; crystal growth is apparently enhanced in areas of ponded flow. Cross- 
sections through numerous flow units viewed in the excavated vat walls indicate that crystal 
growth occurs both downward from the crust and upward from the base of the flow. Crystal size 
apparently increases toward flow interiors. Similar features, including surface morphologies and 
interior structures, were noted on the natural Mauna Loa sulfur flow [9]. 

During several "vattings", a thermocouple array was used to measure temperature profiles 
and monitor cooling of flows (Fig.1). Temperatures up to - 109" C were recorded for dark 
reddish-brown molten sulfur. Coloration also appeared to vary with illumination geometry. 
Previous studies of sulfur's color/temperature correlations [10,11] indicate that below - 160°C 
liquid sulfur should be yellow to orange, whereas a dark reddish-brown color is representative of 
much higher temperatures (> 180" C). The apparent temperature and illumination inconsistency 
requires further attention and could be extremely important when considering 10; color transitions 
along flows have been used as evidence for the existence of sulfur flows on 10 [ll].  

The rapid formation of a durable plastic crust may also have important implications for the 
behavior of sulfur flows on 10. As solid sulfur is denser than liquid [lo], it has been suggested 
that a crust may tend to break up and sink into the melt [12], allowing rapid cooling of the liquid 
and effectively limiting flow dimensions. Our observations of extensive crusts (both fixed and 
free-floating) on the vats suggest that similar crusts could occur on 10. Solid sulfur is an excellent 
insulator [lo], so the formation of durable crusts on flows would significantly reduce heat loss, 
hence increasing the length achievable by a crusted flow. Some flow units on 10. extend hundreds 
of km [1,3]; if these are composed of sulfur, crustal insulation would be essential. 

Observations of industrial sulfur flows have provided important insights into the flow 
properties of molten sulfur. Continued studies will allow a more complete understanding of 
terrestrial sulfur flows so that the possibility of their existence on 10 can be examined from a more 
informed perspective. 
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Fig.1: Thermal profiles in sulfur flows (height is distance above initial vat surface, time is that elapsed from 
vatting initiation, asterisks denote thermocouple positions). a) initial flow (- 1 cm thick); b) initial flow 
solidified; c) first flow is covered by a second flow (- 3 cm thick); d) growth of upper and bwer cwsts, center 
(height 2 - 3 cm) still molten; e) upper and lower crusts meet; f) complete solidification and cooling of flows- 
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