Experimental Study of Sedimentation in Pyroclastic Density Currents
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Motivation Data o

Pyroclastic density currents (PDCs) are composed of pumice Sedimentation maps show the amount of sediment deposited by each current.
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and ash at high temperatures (>400°C) that travel at high - 20130715-2
velocities (>100 km/hr) for large distances (>10 km). These B SRR
volcanic events are very destructive and therefore are
difficult to safely study in nature. Experimental modeling of
currents on a laboratory scale is useful to explore parameters
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Effects of Initial Current Mass Effects of Eruption Duration and Rate
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following questions: : I » I I
 What factors affect how far a pyroclastic o | oLi TRV Isopach plots show that proximal Currents with high eruption rates and short
] . : - - - asitonerm) -300 0 -200 —1DDpDSitiEI|ZInfcm]1EID 200 300 N . . . . . .
density current will travel? i i » " L - L deposition is similar between hot and durations produce proximally thicker but
. A R N g Rat e g urrent mass: 58.1 g : urrent mass: 43.8 g . . . : : .

* How are transport processes recorded by deposits? e . Eruption rate: 1.87 g/s B e 44 /s Hot currents produce noticeably | ambient temperature experiments but distally thinner deposits.
e How much of the initial current mass fractionates into A pyroclastic density * Initial powder temperature: AT = 17.3°C 8 Initia'l powder temperature: | NArrower deposits and have deviates with Increasing distance. The distal ;

the coignimbrite plume? current at Mt. Mayon SR shorter run-out distances. slopes differ between ambient temperature Ambient

and hot current deposits. Third order
polynomials fit all curves well (R>>0.9).

in the Philippines. 20130627-3
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Experimental Scaling Our experiments are dynamically similar to dilute T X—\_{_K\vi:\\m
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Re- inertial to viscous forces Ri. -buoyant to forced convection E
Fr- inertial to gravitational forces S, -particle-to-eddy coupling S
Ri- stratification 3. -gravitational to turbulent forces T , ¢ A dint | ¥ Cartoons illustrating deposition from density
opo‘fg(‘)'\é;S clurren 2 B OUC VAl (Isopach Area)!”2 current (red) and coignimbrite plume (yellow).
Methods e 28x20x8.5 ft. tank for o ~ — = f ' Ambient temperature systems only deposit |
unconfined currents ;: ema’Flc showing deposition as a function || from the current whereas hot systems deposit
28’ .
* A conveyor belt feeds +  Current mass: 40.8 g R 10N PaArgmEIets Fronm SR EUNTEniE 2 9.
Laser sheets: ,Vertical cross-stream red Sample * Eruption rate: .41 g/s C . th b T
| owder down a chute to D g omparing the ambien . :
H°"z°"§al9'ee". oy Saaan P * Initial powder temperature: P 5 Discussion
treamwise vertical blue ] generate currents Arbiant temperatu re to the hotter ) )
. : h * Hot currents have shorter run-out distances compared to ambient temperature
0 BT EE [PETE e R < e CHITERE currents, because of buoyancy reversals due to entrainment, heating and expansion
can be varied spread out like a fan as opposed e ’t h Ya 4 . o ’ A :‘J’t | P
: : of air. Hot currents have narrower deposits because liftoff prevents latera
(temperature, duration, to staying narrow. Run-out - P P
erubtion rate. particle distance is shorter for the P &
Sample entry p ’ p : . E :
SFeubuien hotter experiments e At fast eruption rates, more energy is put into the system which makes the currents
*  Current mass: 60.6 g denser and thicker, therefore they travel faster and farther (these are density driven
* Orthogonal laser sheets to R e e o5 ¢ /s RS
. m illuminate dilute currents *  Initial powder temperature: : , . ' i '
o S S e e s AT = 25.2°C Currents with high eruption * |ncreased duration does not increase run out, but does affect transport processes.
varticle-particle rates travel faster and farther For example, long duration currents oscillate laterally.
. )' \ IV, than currents with slower rates.  Deposits can all be fit with third order polynomials relating mass to isopach area.
o F—- Depositional curves shift in predictable ways in response to changes in eruption
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Different particles are used to simulate volcanic currents sensitive to red, green, 50s P '
with broad size and density distributions.
y and blue . Current mass: 44.4 g
. Er-u.ptlon rate: .44 g/s FUtU re Resea rCh
. Initial powder temperature:
AT =23.0°C  Develop sedimentation model as a function of
current parameters.
 Explore effects of particle distribution on current
Map projections of currents . Field of view is 7.5x6.1 m. transport and deposition.
 Describe how current “residence time” at one
: . . ; y g Bel Hot ' thickarth bient gt position is reflected by the deposit. :
Red, green, and blue channels together, just red, just green, and cross-sectional view. Cross-sectional view of currents (Below) Hot currents are thicker then ambient currents and have Soufriere Hills, Paul Cole

 Quantify coignimbrite fractionation.

shorter run-out distances because they lift off into plumes.
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