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‘Volcanic Gases’
volcanic - magmatic - hydrothermal

fumaroles, bubbling springs, plumes,
geothermal wells, diffuse emissions

‘Tectonic Gases’
not related to volcanoes
fumaroles, bubbling springs,
geothermal wells, diffuse emissions



volcanic/tectonic gases
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volcanic/tectonic gases
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Rain

\\\\\  Crater fumaroles

Fumaroles from LT

Soil dffuse degassing

H,O, CO,, boiling waters g ‘o‘! ‘volcanic-hydrothermal gases
st, CH‘, 3 \\

Ha,, CO

aheims Thermal
spnng"-/- " spring
Hydrothermal

aquifer

Fischer and Chiodini, 2015



Melt inclusions: pre-eruptive melt
volatile contents

Allow for assessment of pre-eruptive melt composition since they are
assumed to be less susceptible to degassing and contamination than
glasses

Photos: Alison Shaw, WHOI
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Eruptive volcanic SO, emissions (1978 — 2015)

650 eruptions; 100 Tg total SO,; mean 0.16 Tg; 10=0.9Tg [Bluth gt al., 1993; Carn et al., 2003,
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Fig. 2 Schematic diagram to represent the
masses of S and Cl degassing from Fuego
volcano and the magma masses required to
account for them. (a) October 1974 explosive
eruption; (b) 1974-77 passive degassing follow-
ing eruption. All numbers given are in grams

Excess Sulfur
first recognized at
Fuego

Rose et al., 1982 recognized that 5 times
more magma degassed just prior and
during the 1974 eruption of Fuego,
Guatemala than what can be attributed to
erupted magma.

Rose, Stoiber and Malinconico, 1982



SO, emission (Mt)
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BUT poorly constrained — needs
to be re-done with new data



Passive Degassing from a volcano Diffuse Degassing from a volcano
i.e. during non-eruptive periods or region

déép_'CO-z;
| —
CO; flux 0. 4 O 6 0.8

R

From ISS (NASA) 2 Mt CO,/yr in this region

Etna 3 Mt CO,/yr Chiodini et al., 2013
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Eruptive volcanic SO, emissions (1978 — 2015) — Satellite data
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Ry A Kilauea Volcano Summit caldera
L 2 Pu‘u ‘06 vent
= \0
Island of O
Hawai' /J\ East Rift Zone
f fo 3 Summit (ERZ)
T |27 | reservoir system

Kilaua 2018, Wikipedia

» A SO, emissions

A4 lava Model computes CO, emission

CO, emissions  Ground deformation

—
rates from magma supply rates

Magma and undegassed C concentrations

storage

(summit

Magma storage
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reservoir)

Anderson and Poland 2017



2001 - 2002
t]

Nyamuragira eruption 2011 — 2012
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Use 10 + 1.5 % melt fraction
Nyamuragira and C=0.273 CO,
estimate to get mantle C
Average DMM
Saal et al, 2002 ~ 80 ppm C
MORB * ."n...
s B v [ ettty Le Voyeretal., 2017
0 100 200 300 400 500 600 average 37.4 + 14.7 ppm C
Mantle carbon concentration (ppm)
(5.5 to 327 ppm total range
]
I BUT questioned by
——
Jones, Kurz et al., 2019 EPSL
Time-constant
Nyamuragira 2019)
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Airborne Method
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Typical High Temp (950°C) arc volcanic gas

(“mol %)
H,O 95
CO, 1.6
SO, 1.3
HS 04
HCI 0.7
HF 0.01

N, 0.025
Ar 0.001
He 0.00014
H, 0.770
O, <0.0005
CH, 0.00005
CO 0.0008

C,N,S, H, O, He, Ar isotopes

Fischer et al., 1998 EPSL



Rain
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Key Gas Reactions

CO +0.50, = CO,

K'sand T

—> {0,

H,+ 0.5 0, = H,0




Key Gas Reactions

CO +0.50, = CO,

K'sand T

—> {0,

H,+ 0.5 0, = H,0

T

Air contamination during sampling or close to surface
Use N,/Ar and N,/O, ratios to correct



fy, based on (CO/CO,)
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H,S + 1.50, = H,0 + SO,

—> {0,



fo, based on (H,/H,0)
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Open-Path FTIR measurements at Kilauea
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Fast-rising bubbles during vigorous degassing cool
adiabatically, and lose the redox signature of their

associated melts.

Oppenheimer et al., 2018



Permanent gas monitoring network
multiGAS for CO,, SO,, H,0, H, in plume - > gas ratios

IR spectrometer

DEEP CARBON
OBSERVATORY DECADE
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Major explosion Paroxysm
15 December Lav: 15 March
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Ash blasts at Karymsky: SO, Flux Variations — conduit obstruction
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Global Passive Degassing Gas C()2
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513C (%)

—1 4 I I I I
0 0.2 0.4 0.6 0.8 1
F (fraction of CO, in melt)
Table 8 Carbon isotope fractionation factors for silicic liquids
Melt Melt species Ay (%) T(°C) References
C0,
Basalt €042~ 4.3 (£0.4) 1120-1280 Javoy et al. (1978)
Basalt C04%~ 2.0 (£0.2) 1200-1400 Mattey (1991)
Rhyolite €O, 0.0 (+0.2) 800-1200 Blank et al. (1993)
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o Degassed ¢ |Deep sources of
o o ¢ waters CO2 (813C %o)

Active volcanoes and

- Sgep geothrmal systems

sSource || Vesuvio 0.3
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©
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-10+ Vulcano 0.0
Input of CO2 from deep sources Etna 1.5
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-20.

@ Apennine springs

Tuscan, Latium,

Umbrian springs

1 T T T T

g 0.02 0.04 08
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Chiodini DCO meeting 2015



Geology, published onine on 23 July 2012 as G010 11 30/G33251.1

4. Earth degaSSlng and SelsmlClty Early signals of n-c.w volcanic unrest at Campi Flegrei caldera?

Insights from geochemical data and physical simulations
Giovanni Chicdini', S. Caliro', P. De Martino', R. Avino', and F. Gherard?

— Episodes of magmatic ﬂuud injection
A) COz/HzO P
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8
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Figure 1. A: Measured and simulated fumarolic CO,/H,0 ratio.
B: Ground deformation. C: Earthquake magnitudes. Dashed
lines refer to times of Injection of magmatic fluids into hydro-
thermal aquifer that were used for physical simulation of sys-

1983- 201 Rere] tem. Time is In calendar years A.D.
Flegrei earthquakes

| .

from G Ch|0d|n| DCO 2015




ABOVE: New frontiers for volcanic gas sampling DEEP CARBON
@ OBSERVATOR

https://deepcarbon.net/dco-above-expedition-updates-field From Emma Liu and ABOVE group




