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l denti fied fundament al unanswered quest
deep C reservoirs, reactions, fluxeseée.

A guestion from Session nEnergy and

AWhat is the effect of the Solid Ea
chemistry (specifically atmospheric CO2) ? i

In this talk

-some estimates of global geo-CO2 emissionare given

-we 0| | reali ze that t hehygwedonso,n &N
they represent the main greenhouse gas (CH4) and photochemical
pollutants (C2He, C3HS8) released from the Solid Earth



WHAT IS THE ROLE OF THE GEOSPHERE
IN THE PRESENT ATMOSPHERIC
GREENHOUSE GAS BUDGET?
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CO2 DEGASSING

1. VOLCANOES 2. NON-VOLCANIC EMISSIONS
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1. VOLCANOES

MORB and ARCS

CO2 DEGASSING

crater plume

Soil diffuse degassing

[

Table 1

C0a emission rates and flux data from active volcanoes

la. Volcano

Reference

Output (Mt year™

Y

Augusting

Erehus

Erta’Ale

Etna (1976 1985)
Etna (1993 -1997)
Grimsvotn

Kilauea (1983 1984)
Kilavea (Pu'u"0o cone)
Niragongo

Oldoinyo Lengai
Pmatubo (1991 event)

Popocatepetl Delgado et al. (1998) 14,6 (36.5 max)
Popocatepet] Gerlach et al. (1997) 33
Redoubt Cazadevall et al. (1994) (.66

Symonds et al. (1992)
Wardell and Kyle (1998)
Le Guern et al. (1979)
Allard et al. (1991)
Allard (1998)
Agustsdottir and Brantley (1994)
Grreenland et al. ( 1985)
Grerlach et al. (1998)

Le Guern (1987)
Kocpenick et al. (1996)
Gerlach et al. (1996)

22
0.66
0.02
255
4-13
0.19

05-1.

0.11

32

average diffuse/plume degassing ratio ~0.17 0.5

Ib. Soil degassing

Reference

Flux (kg m™? year ly

Chutput (t year ™ h [Lcmz]

Canadas caldera (Tenerife)
Cerro Negro (Nicaragua)

El Hierro (Canary)

Etna Pernicana fault (Ttaly)
Hakkoda (Japan)

Masaya (MNicaragua)
Miyake-jima (Japan)

Mea Kameni Santorini (Greece)
Rabaul caldera (Papua N.G.)
Santormi flanks (Greece)
Stromboli (Ttaly)

Teide Voleano (Tenenfe)
Teide Volcano (Tenenfe)
Vuleano flanks (Ttaly)
Vuleano caldera (Ttaly)
Vulcano Fossa erater (Italy)
Vuleano plains (Italy)
Vuleano fumaroles (Italy)

Hemnandez et al. (1997)
Salazar et al. (2000)

Martm et al. { 1998)
Criammanco et al. (1997)
Hermnandez et al. (2000}
Perez et al. (2000)
Hemnandez et al. (1998)
Chiodini et al. (1998)

Perez et al. (1998)

Barben and Carapezza (1994)
Carapezza and Federico (2000}
Salazar et al. (1997)

Castro et al. (2000}

Baubron et al. (1990)
Baubron et al. (1991)
Chiodini et al. (1996)
Chiodini et al. (1998)
Italiano et al. (1998)

0.69

252

< 60,000

=12

~ 50

100

5-13.900

0.04
0.73
94

=40

661
2409

< 108400

=45

~ 146
0.07

1058

205,000
2% 108

43,800 [0.5]
10 % 10°

5621 [0.28]
§76,000 [9.5]

70,000 90,000
224,000 [144]
229,000

11,000

42,000 [2.6]
73,000 [0.65]
27,500 [1.9]
127,700
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1. VOLCANOES

MORB and ARCS

CO2 DEGASSING

CO, global flux estimates (Mt year ')

Subaerial volcanism  Varekamp et al. (1992)
(ARC+ PLUME)  Williams et al. (1992)
Marty and Tolstikhin (1998)
Submarine Varekamp et al. (1992)
volcanism (MOR) Le Cloarec and Marty (1991)
Marty and Tolstikhin (1998)

Global volcanism Gerlach (1991)
(subaerial + Le Cloarec and Marty (1991)
submarine) Varekamp et al. (1992)

MOR +PLUME by Marty
and Tolstikhin (1998)+ ARC
by Sano and Williams (1996)
Volcanism + Brantley and Koepenick (1995)
metamorphism Berner (1991)

145

65 + 46
242

66

66

97
130-175
100-180
210

367

270
295

TOTAL VOLCANO plume + diffuse >300 Mt/y

(Morner and Etiope, 2002)




Table 2

Non-voleanic CO, emission rates and flux data from geothermal or active tectonic zongs

2a. Diffuse soil degassing

Reference

Flux (kg m :'\'ear ) Output {t vear ) o’

Cava dei Selci (Htaly)

Cover Fort-Sulphurdale (Utah)
Dixie Valley (Nevada)

Latera (Mtaly)

Mammoth Mount. (California)
Mammoth Mount. Horseshoe (Califonia)
Manziana Caldara (Haly)
Manziana Caldara-Solfat. (Italy)
Massif Central (France)
Matraderecske (Hungary)
Poggio Olivo (ltaly)

Roosevelt Hot Spring (Utah)
Salton Sea Mud V. (Califoria)
San Andreas Fault (Califoria)
San Vincenzo la Costa (Italy)
Selvena (Ttaly)

Siena Graben faults (Ttaly)
Siena G. Arbia Fault (Ttaly)
Solfatara Pozzuoli (Ttaly)
Solfatara Pozzuoli (ltaly)
Solforata (ltaly)

Ustica Island (Ttaly)

Ustica Arso faulf (Ttaly)
Yangbajain (Tibet)

Yellowstone Mud Volcano (Wyoming)

Rogie et al. (2000)
Klusman et al. (2000}
Bergfeld et al. (1998)
Rogie et al. (2000)

Rahn et al. (1996)

Rogic et al. (1998)
Rogie et al. (2000)
Chiodini et al. (1999)
Hermansson et al. (1991)
Vasarhelyi et al. (1997)
Chiodini et al. (1999)
Klusman and LeRoy (1996)
Rogee, p.c

Lewicki and Brantley (2000)
Etiope, unpub. data
Rogie et al. (2000)
Etiope (1995)

Etiope (1999)

Chiodini et al. (1998)
Italiano et al. (1984)
Rogie et al. (2000)
Etiope et al. (1999)
Etiope et al. (1999)
Chiodini et al. (1998)
Wemer et al. (2000)

- 7300

0.1-49 -

0-73 .

- 73,000

0-2876 146,000 [0.4]

30 —

- 58,400 [0.5]

- 70,000 [0.15)

> -

79 -

- 73,000 [1.5

0-29 -

- 5400 [0035

04-23 >300,000 60]
29 (300 m’

[0.01]

124-T44 7

$8-3630 48500 (0.9

- 58200

- 18250
260,000 [9]
50370 (32

15-11900 4840035

2b. Gas vents Reference Output (t year ™)
Bossoleto, Siena (Italy) Raschi and Menegali, p.. 3500
Castiglioni, Siena (taly) Etiope (unpub. data) 4400
k Caldara (Htaly) Rogie et al. (2000) 4800
Massa Martana (Ttaly) Martinelli, p.c. 1800
Mefite " Ansanto (Raly) Rogie et al. (2000) 102200
Mefite " Ansanto (ltaly) Italiano et al. (2000) 310,000
Montecastello Vibio (ltaly) Martinellz, p.c. 1800
Nyos Lake—1986 event (Cameroon) Kling et al. {1987) 23 Mt
Pienza (Ttaly) Rogie et al. (2000) 4015

Poggio dell'Ulivo (Ttaly)

Rapolano Cecila (laly)

Rapolano Ambra (Italy)

Salton Sea Mud V. (California)

San Sisto (Ifaly)

Selvena (laly)

Telese (laly)

Umbertide, Umbria (ltaly)

Umbertide, Umbria (ltaly)

Yellowstone all Mud Volcano (Wyoming)

Rogic et al. (1996)
Rogie et al. (2000)
Rogie et al. (2000)
Rog
Italiano et al. (2000)
Rogie et al. (2000)
Italiano et al. (2000)
Martinells, p.c.
Rogie et al. (2000)
Wemer et al. (2000)

pe

7300-18,300
21,600

2920

20,000

475

5840
33400-110,000
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CO2 DEGASSING

2. NON-VOLCANIC EMISSIONS

Available data;

in regions of Cenozoic volcanism and active tectonic

belts, diffuse CO2 flux is 1-3 orders of magnitude >
soil respiration (3 kg m-2 yt in temperate drylands),

Assuming

geo-COz2 flux of 1-10 kg m-2 y! for the global area of
1000 CO2-discharge sites (10%-10° km?: Barnes et
al, 1978)

— global CO2 output: 10%-10° Mtly



CO2 DEGASSING

Number of geological C-gas emission data (sites investigated) versus time
(Morner and Etiope, 2002)
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CO2 DEGASSING

T T

1. VOLCANOES 2. NON-VOLCANIC EMISSIONS
>300 Mtly 102-103 Mtly

General opinion that non-volcanic degassing can double volcanic estimates
(Seward and Kerrick, 1996; Werner et al, 2000)

TOTAL GEO-CO2 DEGASSING >600 Mty (>160 Mt Cly)

>2% of anthropogenic sources
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CO2 and CHa

geo-sources vs. man-made vs. natural
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GEO-CH4 SOURCES
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3 types of MV gas emissions
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Large-size mud volcanoes Paclele Berca
(Romania)




Giant mud volcanoes
Azerbaijan
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Talwan

FLUX FEROM VENTS
(macroseepage)
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