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Multi—pass cell measurment Eyjafjallajokull ash
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1 Abstract

The recent eruption of EyjafjallajOkull volcano has emphasized the

importance measuring volcanic ash clouds remotely. Current meth- o - o

ods of detection use wavelengths from the UV to infra-red both ac- ) - : f

tively (lidar) and passively (radiometers and spectrometers) on both 3 oo

eround and satellite platforms. Underpinning these remote measure- @ B \ ] j

ments is the requirement to know the optical properties of the ash. St 3 E .

As ash composition varies from eruption to eruption the refractive i :

index also differs; our aim is to derive the refractive index of a range 0:0010 N

) 10 15
Wavelength (micron)

of ashes including Eyjafjallajokull. The refractive index data are

required and will underpin remote measurements and further work.
This poster shows our latest findings as part of the VANAHEIM
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Figure 6: Multi-pass cell inital testing.

project
Figure 3: Summary of the published imaginary refractive index of ash given in 10.00
Table 1. The shaded area shows the range of published data. The dotted line 1000
I d . shows the only available infrared data (Patterson [7]). For comparison the widely . 0100
2 IltI‘O uCtlon used pumice data from Volz |[11] is plotted. 010
Figures 1 and 2 show the illustrate the spectral variation in optical 0.001 . . . .
. 5 10 15 20 25
depths for volcanic aerosols. Also show are the wavelength channels Table 2, and Figures 4 and 5 show the data that has commonly Wavelength (im)

of AATSR and SERVIRI, in addition MIPAS spectral coverage is
shown. Due to the wide spectral range of these channels information
on volcanic aerosol speciation exists in the measurements (see Figure

been used in the atmospheric literature for ash refractive index’s.
These are in-fact not refractive index of Ash’s but “ash-like” sub-
stances. This data shows the large range of imaginary refractive

2). Speciation information is contained mainly within the thermal
infrared finger-print region. Aerosol size distribution information is
contained within the wavelengths in the near infrared.

index reported (shaded area in plots).
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Table 2: Published refractive index data for ash like material. 5

Limited information exists on ash optical properties. Figure 2
shows the resulting optical depth from the published data. This
plot indicates that incorrect choice of optical properties can lead to
large errors in remotely retrieved ash properties.

Figure 7: Single pass cell example results for Aso ash.

5 Independent data

Wavel Material 5109 Spectral n and k Reference
1 2 3 6 a7\/e eng) ( 10. 15. 20. t (7 . . . . cp .
e S D | | | | wt. % range (pm) To help verify the retrieved refractive index, additional independent
oab.. . _ § ____ AATSR Basaltic glass 53.45 0.5-50 n.k . measurements of refractive index is required. Measurements have re-
F I = —— SEVIRI Basalt 53.25 0.5-50 n,k 8 . :
- - — MIPAS Basalt 5145 0.9.04 0k 3 cently been taken on our ash samples using the standard Becke Line
0 Andesite 5415 0.5-50 n.k ] method. Results are shown in Table 3, and example microscopy are
g | Andesite 55.10 0.2-0.4 n.k 1 shown in Figures 8 and 9.
S Pumice - 2.5-40 n.k 11]
£ 02} Granite 71.30 5-40 n.k 10]
° 5 \ Obsibidan ~ 73.45 0.5-50 n,k 8]
Aso Ash > Obsibidan  76.20 0.5-50 n.k 8]
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Figure 1: Simulated optical thickness for a 100 m thick plume consisting of a
3

Figure 8: Eyjafjallajok(o)ll ash in 1.60 refractive index liquid with 546 nm filter.

From left to right panel the objctive lens is raised and the Becke Line is seen to

log-normal distribution (number density 2 x 10? cm?, mode radius 1pm, spread

1.0000
1.7) of spherical particles. The plume is assumed to consist of Aso ash (using the

preliminary refractive indices as Figure 7), sulphuric acid (refractive indices from move out ot the particles, indicating that the liquid has a higher refractive index.
0.1000

Luo [4]), water ice (refractive indices from Warren [12]) and water (refractive
indices from Hale [2]). The black lines at the top of the plot indicate the AATSR

and SEVIRI channels and the MIPAS spectral range. 0.0100
0.0010
1 2 3 a4 5 g ayclenam( 10. 15.  20.
0.45—--- - — _ AATSR 0.0001 o S P ‘w‘o‘o il
= - T — — == SEVII | | Wavelength (microns) | ‘
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t/ | ) Figure 4: Summary of the published imaginary part of volcanic ash like refractive

The frame is approximately 400pum across.

Imaginary part
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é index. Shaded area shows the range of published data. The solid line shows the
£ 02 widely used pumice data from Volz (1973) [11]. . Figure 9: Grimsvotn Ash in 1.65 refractive index liquid with 650 nm filter. From
o
Bacal , the left to right panel the objctive lens is raised and the Becke Line is seen to
0 1 ggd?ds_“e move out ot the particles, indicating that the liquid has a higher refractive index
T - sidian
_ — Volcanic pumice than the fragments.
_ —  Aso Ash . .
0.0l | N S R Table 3: Results for Becke Line mean particle refractive index.
30000 3000 W 1400 1200 1000 800 600 Mean Particle Refractive Index, n,(\)
avenumbercm p

Ash Sample

450.0nm 546.1nm 650.0 nm
Mt Aso Volcanic Ash 1.577 1.562 1.553
Grimsvotn Volcanic Ash - May 2011 1.629 1.608 1.597
Grimsvotn Volcanic Ash - June 2011 1.623 1.608 1.596

Real part

Figure 2: Optical depth diffrent volcanic materials, plotted using same size pa-

rameters as Figure 1, but Refractive index data is from, [8] (for basaltic glass,

andesite and obsidian) and from Volz, [11] for pumice, see Table 2. The Aso

N
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values used the refractive indices given in Figure 7. The black lines at the top Eﬁzﬁggapkull 125? 128? 1?2;1

of the plot indicate the AATSR and SEVIRI channels and the MIPAS spectral 0 N o o Afar Boina BA1 1:521 1:513 1:507

range. . . " ovelength (microns) o Afar Boina BA2 1.516 1516  1.519
Etna December 2012 1.600

Rhyolite Ash Chaiten < 1.516 < 1.505 < 1.499

Figure 5: Summary of the published real part of volcanic ash like refractive index.

Shaded area shows the range of published data. The solid line shows the widely

3 Existing published data

Only two published ash infrared refractive index data sets have been
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