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INTRODUCTION

Hydrothermal system: a groundwater system with areas of
discharge and recharge, and a heat source. Here, the
magma supplies heat and vola�les, and ﬂuids come from
rain and the sea.
The fumarole ﬁeld of La Fossa Cone has been ac�ve for
centuries and reappeared a�er the last erup�on in
1888-90. Varia�on of temperature, loca�on of vents and
size of the ﬁeld have been recorded since 1913.
Most La Fossa erup�ons have started with phrea�c
explosions triggered by magma-water interac�on.

A

It is composed of 5 zones: rim ri�s, rim, upper, middle and
lower. The gray-colored ground is characterized by diﬀusive
heat ﬂux that altered the rocks (hot zone). The unaltered
area is red-colored and cooler (cold zone).

Fig 1 - Loca�on of La Fossa cone, Vulcano Island, and its hydrothermal system
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Fig 2 - Areas of interest for measurements

Ground temperature has been
measured at 15cm depth with a
thermocouple.
A hole is drilled through the
altered crust layer with a chisel
and a hammer to obtain near
surface temperature.

cm

Fig 4 - Datalogger (T°C sensors)

In key areas, dataloggers with
three temperature sensors
were installed: air , surface and
15cm depth temperature.
The loggers allow data storage
at a sampling rate of around
one minute for a few months.

Fig 5 - Radiometer

Fumarole vent temp. are
measured
with
a
radiometer. The survey is
always carried out along
the same path. Between
200 and 500 are sampled
depending on ac�vity
level.
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A thermal camera was installed
on the opposite side of the
fumarole ﬁeld. An image was
acquired every minute or more
over 30 minutes, at least once
during each campaign. Line of
sight distance = 400m.

Two temperature sensors were installed in the
hot zone close to the fumarole ﬁeld in June 2021.
Apart from localized decreases due to rain events,
they detected a steady temperature increase at a
rate of 0.15°C per day un�l the beginning of
September, before increasing to 0.6°C per day.
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Fig 6 - Thermal camera

DATALOGGERS
Temperature at 15cm depth on a 50m-long proﬁle on the 1st
crater pla�orm, west of the fumarole (2019-2021)
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FIELD RESULTS

Temperature at 15cm depth on a 50m-long proﬁle on the 1st
crater pla�orm, west of the fumarole (2015-2019)
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Fig 3 - K-type Thermocouple

The thermal measurements have been
carried out in four diﬀerents zones:
- a 5m² zone (measurements every 1m)
- a 50m long proﬁle across the cold and
hot zones
- 2 proﬁles inside the fumarole ﬁeld,
one across the rim and one alongside
the inner rim.
50m PROFILE
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Fig 7 - Temperature at 15cm depth on a 50m proﬁle between 2015 and 2021

Fig 9 - Temperature at 15cm depth on 2 loggers
inside the hot zone
FUMAROLE FIELD INDEX

There is a diﬀerence of thermal behavior between the cold and the hot
zones. Before September 2021, the hot zone always had a higher temperature than the cold zone, and variable hot spot loca�ons.
In September, the zone hot became a uniformly hot zone and hea�ng was
beginning to spread into the cold zone by 5m.
5m² AREA

Fig 10 - Fumarole ﬁeld evolu�on (1994-2021)

The index applied to the radiometer survey data
is a proxy for heat ﬂux: it uses a representa�on of
absolute temperatures (maximum and mean),
area of exhala�on (number of vents) and thermal
behavior (cooling or hea�ng through the
standard devia�on).
We see that over the summer of 2021, 20 years of
cooling became erased in a few months with the
thermal state rever�ng to that of pre-2005.
THERMAL CAMERA IMAGES
This ﬁgure gives the thermal images taken in June
(top) and September (bo�om) 2021.
The frequency distribu�on of temperatures
shows that there was an increase in the number
of anomalous pixels and the speading of the
thermal anomaly as directly visible on the ﬁgure.
The values of temperatures also increased.

Fig 8 - 5m² temperatures at 15 depth on April, June and September 2021

In April 2021, the zone was characteried by a few areas ho�er (at 40-50°C)
than the background by 10-20°C. In June, there was already a signiﬁcant
hea�ng, the new background temperature being the same values as the
hot areas in April. The hot spots were also star�ng to spread. By
September, the whole area was hot (greater than 80°C).

Fig 11 - Fumarole ﬁeld evolu�on (June-Sept 2021)

SATELLITE COMPARISON

Using satellite data is important during crises because it can become the
only accessible data once access to the ﬁeld becomes too dangerous
and/or when ground-sensors fail (and also during global pandemics).
We used nigh�me uncorrected ASTER data to produce an easy and quick
temperature normaliza�on using two key pixels: maximum temperature
inside the crater and a control point on the North of the island.
Cau�on needs to be made when using these data since fumes will hide the
highest temperature pixels depending on the wind direc�on. Thus, a more
advanced index will use the number, mean temperature, standard
devia�on and skewness in cleaning out the trend.
But for now we describe an increasing trend
Normalisa�on hot spot ASTER
at a rate of 0.06 per day between July 11
and August 19, steepening to a rate of 0.16
per day between August 28 and September
29.
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Fig 12 - Temperature normaliza�on obtained
with ASTER nigh�me images
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Fig 13 - Vulcano hot spot in an ASTER
nigh�me scene taken on 09/23/2021
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INTRODUCTION
The challenge is to propose a stereoselective synthesis of monosacharrides or analogs in one pot. For this purpose, a Two step synthesis has been developed.
First, a hydration of an alkyne, the propargyl alcohol, catalyzed by a carbene-gold complex1, will lead hydroxyacetone. This ketone is substrate of a second
catalyst, an aldolase, the Fructose-6-phospahte Aldolase (FSA)2. This second reaction will give a monoscaccharide of fixed absolute configuration.
Immobilization of both catalyst and biocatalyst onto Zn2Cr Layered Double Hydroxide will be evaluated for the one pot one step reaction.

CONTEXT
Issues in organic chemistry :
• Development of a greener chemistry
• Industrial economic requirements (fast,
inexpensive...)
Au

One of the solutions: hybrid catalysis3

• Multi-catalysis cascades (enzymes, metals...) one
pot
• Objectives: Minimization of energy costs,
resources/losses, selectivity
• Major issue: making these reactions compatible
(protection of catalysts, intermediate conditions,
pH, temperature, solvent, yield compromise)

• Compatibilisation of the catalysts

• Catalysts protection on Layered Double Hydroxide 4

• One pot Two step system

• One pot One step system

ONE POT TWO STEP

2nd step

1st step
• Reactant : C3H4O 0.5 M
• Anionic Au-catalyst : 0.75mol%
(3 mg/ml)
• Solvent: water (1 ml)
• T : 60 °C
• Acidic pH : 3.0

OBJECTIVES

•
•
•
•

Adjustment to pH 7.0
Addition of FSA (2 mg/ml)
Addition of aldehyde (0.5 M)
Room temperature

• Screening of several aldehyde substrates
• Reaction time :
 First step : 2h
 Second step : 5h (24h for glycolaldehyde)
• Filtration on anion exchange resin & quantification by NMR

LAYERED DOUBLE HYDROXYDES

Aldehyde substrate

One pot Two step
conversion

Final yield

Formaldehyde

94 %

86 %

Propanal

96 %

78 %

Butanal

91 %

72 %

3-hydroxypropanal

90 %

91 %

Glycolaldehyde

78 %

68 %

[M2+1-xM3+x(OH)2][Xq-x/q.nH2O] : M2+-M3+-X
Hydroxyde layer M2+(1-x)M3+x(OH)2

• Anion exchangers
• Zn2Cr matrix : resistant to acidic conditions
• Immobilisation of the two catalysts by two different methods :
• Enzyme by adsorption on LDH
• Carbene-Au by co-precipitation in LDH

Interlayer

An- anions
water molecules
M2+ /M3+ cations
OH- anions

ONE POT ONE STEP

SEM

X-ray Diffraction
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Zn2Cr – NHC-AuCl : di =
22.04 Å
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Zn2Cr – NO3 : di = 8.80 Å
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• LDH allow partial protection of the catalyst
• Preliminary results :
 With both immobilised catalyst : 18% of conversion

Interlamellar distances
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• Interactions between compounds
 Gold catalyst affect enzyme’s activity
 Propargilic alcohol denature the enzyme
 Decrease of enzyme activity below pH 5
 Decrease of gold catalyst activity above pH 4
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CONCLUSION
A One pot Two step system was developed and tested on several aldehydes, giving yields after purification of about 90% after 10 hours of total reaction. For
the One pot One step system, first results could be obtained thanks to the immobilization of the catalysts on LDH, allowing their protection against various
compounds of the medium. This new system remains to be improved.
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