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Scientific Background Generalizing Costa et al. Application :
Problem ] . [ and Summary ] . [Database] . [ (2009) model ] . [ to test cases . Conclusion

Magma is liquid rock with crystals. Approaching the surface, gas bubbles

form as pressure drops, so magma can contain solid, liquid, and gas.

 Magma = liquid rock + crystals Magma vs Lava

Magma

* Pressure drops near surface —

e Molten rock e Molten rock
the surface the surface
gases bubble out
e Consists of molten e Consists of
rock, suspended molten rock and
crystals, and gas suspended solids
o]0] o] o] =15
e Temperature

¢ Magma becomes SOIld + IIqUId + gas e Temperature varies varies (700°C to

(600°C to 1,300°C) 1,200°C)




Scientific Background Generalizing Costa et al. Application :
[ Problem ] . [ and Summary ] . [Database] . [ (2009) model . to test cases . Conclusion

It's all about viscosity

Melt composition Effusive

Temperature

Crystals (content, shape, size distribution)

Strain rate

Vesicles Explosive

It can vary over 20 orders of magnitude!

All this contributes to the different responses of magma rheology and eruption styles!



Melt viscosity (e.g., Spera, 2000; Giordano, Russell, Dingwell, 2008)
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Effects of crystal content

Rheological
literature
- 4— ductile'deform‘ation —> 4—'brittle d'eformat'ion—b
"l E Eégggg + % b'_ \I:lvz:]renri]k(ijs;oarlr.n(:(?ZJS)ég;ys;al-rich magma is solid-like and liquefies
© EL37 1085 . phys. Res., 130, €2024JB030483.
s o § BEiA
IR i Relative viscosity =
£ 3_;;’&3&;;3;_3%;@) G magma viscosity/melt viscosity (7,,/7)
() 1
< 1
8 2f 11 Relative viscosity increase with the solid
phase concentration
l
Q=T o7 o3 o7 o5 o5 o o5 s NO focus on rheology above critical crystal
Crystal Fraction (9) fraction (e.g. maximum packing fraction)!

Many studies... but no systematic results on strain rate and Aspect Ratio! 3



Effects of crystal content

Focusing on particle-bearing systems rheology:

- Database from rheological literature covering all the

natural volcanic parameters.

- Systematic model of relative viscosity (n,-) as function of :

 apparent viscosity 7,

* melt viscosity n;
 crystal concentration ¢

« crystal shape R

 and strain rate ¢

- Quantitative description of the rheological behavior of crystal-bearing magmatic systems.




Effects of crystal content

Sigmoidal shape proposed by Lejeune and Richet (1995) and then described by Costa et al.
(2007,2009):

1+ ¢° _ VT
A=Flpepps |- @95

(@) = (1 + ¢¥)] R =1 only!

_ a)
A

B = Einstein coefficient = 2.5
o=¢/¢. > ¢=solid fraction

I
, hyper-concentra
regime

1
" diluted/semi-diluted | concentrated
regime regime

I'ogwnr

¢..= critical solid fraction

y = steepness of the curve near ¢,

6 and & = steepness and height

Crystal fraction

Of the iper-ConCentrated regiOn : Newtonian Flow ' non-Newtonian Flow !
. = \ Q%& ! = Ciﬂ S g T\
= Y, & Vv
erf = error function 'l lids| PRE

Four different flow regimes: diluted, semi-diluted, concentrated and hyper-concentrated .



Effects of crystal content

Viscosity varies with particles shape and strain rate!

- —— -

Log,n,

Higher R

S il
-—
et
L

Crystal fraction

 Different elongation of crystals in nature

* Need to take into account the elongation (Aspect Ratio R)



Effects of crystal content

Database: construction (over 1400 rheological data) and classification

Material type (natural, synthetic or analogue)

Chemical composition

Results:
- Experimental methodology * Apparent viscosity 7,
- Temperature * Melt viscosity 7,
- Applied strain rate * Relative viscosity n,= 1./ 1,

> Confining pressure

The phase components
~ Crystal content and mean aspect ratio R

A COMPREHENSIVE DATABASE OF CRYSTAL-BEARING MAGMAS FOR THE




Effects of crystal content
Data correction

Common issues in reporting data:

o m g h?

»Deformation mechanisms; > Neff =7 vs leff = &1

3V§

» Relative viscosity of NATURAL SAMPLES
experiments;

> Natural vs residual melt

»Missing information > (R, €, Chemistry and/or T...)

»Viscous heating > For high particle fraction, high R and high &€
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A COMPREHENSIVE DATABASE OF CRYSTAL-BEARING MAGMAS FOR THE




A COMPREHENSIVE DATABASE OF CRYSTAL-BEARING MAGMAS FOR THE
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A COMPREHENSIVE DATABASE OF CRYSTAL-BEARING MAGMAS FOR THE

Effects of crystal content
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A COMPREHENSIVE DATABASE OF CRYSTAL-BEARING MAGMAS FOR THE

Effects of crystal content

« High crystal fraction plateau-like relative viscosity region
« For a given R, this plateau-like region is higher as the strain rate decreases
« For a given strain rate, the curves are shifted towards the lower crystal fractions

as R increases . 1+ (pS(é'R)
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Conclusion and future work

 Building wide rheological database:

https://doi.org/10.6084/m9.figshare.16886155.v1

* |dentification of issues in reporting data

» Extension of the model of Costa et al. (2009) to all the natural strain rates (¢)
for spherical particles (R=1)

* Generalization of the model for all the aspect ratios (R) and strain rates (&)

pertinent to natural environment

12



Conclusion and future work
Scientific community should:
« adopt measurement standardization
« fill the gaps in the poorly characterized parameter space;
« carry experiments to characterize viscous dissipation effects (e.g. focusing on the regime

explored by Ryerson et al., 1988)

1 O T T I T T
—— R=1 @ Ryerson et al. (1988) corrected

R=1 o Ryerson et al. (1988) not corrected

) T — To=In (Na)/b
T ax= Max temperatura

T, = considered temperature

Na = Nahme number

b = rheological sensitivity to temperature

Log,q 7,
N

1 | | | | | | |
0 0.1 02 03 04 05 06 07 08 09 1
Crystal fraction

13



Conclusion and future work

Scientific community should:

» better characterizing the effects of crystal-size distribution (fine vs coarse), fluid-solid

Relative viscosity

interactions, and hysteresis relevant for elongated particles (Cimarelli et al., 2011)

10%,

102}

: Farris (1968) + Krieger & Dougherty (1959) -----

Farris (1968) + Costaet al. (2009) — —
Costa et al. (2009) + this work

80 mm

10 mm

Relative fraction of fine particles

14



For further information:

www.nature.com/scientificdata

scientific data

‘ W) Check for updates

OPEN " A comprehensive database of
DATA DESCRIPTOR crystal-bearing magmas for the
_calibration of a rheological model

- Alessandro Frontoni(®1™, Antonio Costa(»?2, Alessandro Vona("! & Claudia Romano?
‘ I - I 2

. Inthis work, we present a comprehensive rheological database including most of the existing data

© relevant for crystal-bearing magmas collected from the scientific literature, covering the entire range

. of natural volcanic conditions, in terms of crystal content (1-80%), crystal shape (aspect ratio R from 1
. to13), and strain rate (between 107 and 10%s%). Datasets were collected and discerned as a function

. of the information which we considered necessary for building a general systematic model describing

. relative viscosity of crystal-bearing magmas, such as the apparent and melt viscosity, the crystal

. concentration, crystal shape, and the strain rate. The selected dataset was then used for modelling the
© relative viscosity of a liquid-solid mixture having different concentrations of particles with different

. R, subjected to different strain rates. The proposed model allows us to quantitatively describe the

: rheologlcal behaviour of crystal-bearing magmatic systems.

Thank you for your attention! .




A COMPREHENSIVE DATABASE OF CRYSTAL-BEARING MAGMAS FOR THE

Effects of crystal content

® £-5y105 s

® £-5x100 s

1 0 I 1 1 I I I I I
R=1 0 Caricchi et al., 2007; Cordonnier et al. 2012;
Lejeune and Richet. 1995
— — R=15 B ==
8F .~ _ . R=4APicardetal., 2013 ek ©
= 6r
o
(@)]
o
1 4
2 B 7/
O | 1 1 | |

10

1
0 0.1 02 03 04 05 06 07 08
Crystal fraction

0.9

T I T T
Rr=1 @ Cimarelli etal., 2011; Klein et al., 2017;
Moitra & Gonnermann, 2015; Sehlke et al., 2014
R=2 ¢ Cimarelli et al., 2011; Del Gaudio et al., 2013;

Sehlke et al., 2014
R=3 + Soule & Cashmann, 2005

R=5 % Soldati et al., 2016
R=6 X Vona et al., 2011
R=7 ¥ Vona et al., 2011
R=9 M Cimarelli et al., 2011

0 0.1 02 03 04 05 06
Crystal fraction

Application to all the strain rates, crystal content and aspect ratios of

volcanological interest!
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Rationale

©=0.55
1o §
=
. =3
()]
‘ >
| s
| 4 3
\ E
R U =
g
le ©
X . 8
6 -2 2
log Nmix (Pa-s) log Mg

Caricchi et al. 2007
Complex history of crystallization (microlites + phenocrysts)
Increasing crystallinity changes rheology (non-Newtonian)

Influence on magma flow and eruptive style.



Analogues

Suspensions of particles in Newtonian silicone oil
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Analogues

Bimodal suspensions of particles with different
shape and size




Measurements

Parallel Plate sensor system

Torque, M — Stress, T
Angular velocity, Q@ — Strain rate, y

-

driven
sensor

N

bimodal suspension




Measurements

T (Pas)

700

500

300

200

100

Flow curve 7= f(y)
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—_— y n
T=17,+Ky
Herschel-Bulkley model

/,: vield strength (Pa)

K: consistency (Pa s")

n: flow index

effective relative viscosity
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Models for / D)

Einstein-Roscoe 1952

nr - (I —_“l)—)”:vs

( )l"

Krieger&Dougherty 1967

n, =(1-2y -
v

Costa et al. 2009

]

| v

| —aerf -
/ [ 2 §,,

[)

Einstein 1906
N, =1+ 8B)

03 04 0.5 0,6 0,7 0.8

0,2

0.1

Ao
||~

Monodisperse suspensions:

Einstein 1906
Theoretical, linear, dilute suspensions
B ‘intrinsic viscosity’ = 2.5 for spheres

Einstein-Roscoe 1952
Power-law, ¢,, = max. particle
concentration

Krieger & Dougherty 1967
Power-law, exponent modified by ¢,

Costa et al. 2009
sigmoidal semi-empirical 3-parameter
0.9 equation



Type A Type B

Monodisperse
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Bidisperse

Type A+B
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Bidisperse

Relative Viscosity, n,

Flow Index, n

Yield Stress, 1,(Pa)
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Monodispetrse

Type C
10° : :
10°0 §
~sd
10
10°f
102§
10 |
0 01 02 03 04 05 06 07
Total Solid Fraction ¢
(T ES R S @ -cmogoessnassmssmas s saesoasemsssssasosatrassassmssenasagsensrd]
3R¢:
095 | f I
o9} f ‘
085 f {
08}
075 |
07601 02 03 04 05 06 07
Total Solid Fraction ¢
20
15}
10f
5¢
0 2 iy 1.7 ; ;
0 01 02 03 04 05 06 07

Total Solid Fraction ¢

10°

10°}
10t
10°}
102}
10}

02

03
Total Solid Fraction ¢

04

05

06

0.7

095t
09¢
085t
08¢}
075}

0.7

140

041

02

Total Solid Fraction ¢

03

04

05

06

0.7

120}
100}
80}
60}
40t
20}

A

A

i

0

0.1

02

Total Solid Fraction ¢

03

04

05

06

0.7



	Slide 0
	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17: Rationale
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27

