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Abstract: The types mechanisms and scales of the CO, degassing from volcanoes in various tectonic domains are obviously
different from domain to domain. Under the context of global warming quantitative studies on CO, fluxes released from vari—
ous types of volcanoes simulation and calculation of the origin and evolution of volcanic gases are significantly critical both to
estimate the contribution of the increase of greenhouse gases in atmosphere provided by the degassing of the geological source
and to understand the deep carbon cycle in earth” s interior. Significant progresses of researches on the release of CO, in the
global volcanic fields have been made in many aspects in recent years especially in the methods of quantitative studies on the
flux of released CO, in volcanic fields the origin and dynamic background judgement of the volcanic gases and the character—
istics of the relaesed CO, from volcanoes in various tectonic regions. In this paper the latest achievements of researches on
the release of CO, from volcanic fields in various tectonic domains have been comprehensively aummaried and advances of
studies on the release of CO, from typical Cenozoic volcanic fields in China have been introduced in details.
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2 CO,
Table 2 The CO, fluxes from global volcanic lakes
/ CO, /(t/a)
1 Nyos 2002 4398. 25
2 Nyos 2009 6091. 85
3 Monoun 2009 6982. 45
4 Laguna de Botos 2006 43.80
5 Laguna de Botos 2010 310.25
6 Laguna Rio Cuarto 2010 11461. 00
7 Laguna de Hule 2010 36500. 00
8 Cuicocha 2006 38690. 00
9 Ilopango 1999 405515. 00
10 Crater Santa Ana 2002 2555. 00
11 Coatepeque 2006 136875. 00
12 Lac Pavin 2007 3.65
13 Shalkermehren 2007 40. 15
14 Germundeer 2007 116. 80
15  Laacher See 2007 12811. 50
16  Laguna de caldera 2008 3.65
17 Atitlan 2008 151840. 00
18  Amatitlan 2008 24455. 00
19  Ixpaco 2008 31244.00
20 Kelud 2001 38325.00
21 Kelud 2006 12775. 00
22 Katanuma crater lake 2010 6205. 00
23 El Chichon 2007 59860. 00
24 El Chichon 2007 21535.00
25 El Chichén 2008 52560. 00
26  Ruapehu 2010 33580. 00
27 Apoyo 2006 196735. 00
28  Tiscapa 2006 1460. 00
29 Jiloa 2006 267910. 00
30  Laguna de Masaya 2009 317148. 50
31  Asososca Managua 2009 2646. 25
32 Apoyeque 2010 77270. 50
33 Nejapa 2010 2117.00
34 Taal caldera 2008 300395. 00
35  Pinatubo crater lake 2008 259515. 00
36  Taal crater lake 2008 184690. 00
37  Laguna de Danao 2009 10. 95
38  Pinatubo crater lake 2009 338720. 00
39  Taal crater lake 2009 346020. 00
40  Lago de Buhi 2009 149. 65
41  Pinatubo crater lake 2010 370110. 00
42 Taal crater lake 2010 278495. 00
Pérez  (2011)
Co, .
Co,
3
19 50 Deville
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Fig.3 Speculative conceptual model for the release of CO,( a) and the CO, fluxes released from volcanoes in

various tectonic regions ( b)
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Table 4 Global volcanic CO, fluxes in the subduction

zones and mid-ecean ridges

€O,  /(Mt/a)

136.0 Sano  Williams ( 1996)
96. 8 Kagoshima ~ ( 2015)
35.2 Des Marais ~ Moore ( 1984)
30.8 Gerlach ( 1989)
66.0 Sano  Williams ( 1996)
96. 8 Marty  Tolstikhin ( 1998)
22~88 Resing  (2004)
46~324 Dasgupta ~ Hirschmann ( 2010)
176~792 Cartigny  (2001)
29~154 Kelemen ~ Manning ( 2015)
52.8 Kagoshima ~ (2015)

(

2003) .

N

( Hilton et al. 2002; Wallace 2005; Shinohara 2013;
Ague and Nicolescu 2014; Zellmer et al. 2015) .

( 2015) .

co,
( Lee et al. 2013; Lee
and Lackey 2015) .

( ~ )
( Dasgupta and
Hirschmann 2010) .
CO,
75. 6 Mt
CO, 34.6 Mi(
Kerrick( 1996)

5) o Seward

CO, 44 Mt. Kago-

co,

shima (2015)
CO,/’He *He
96. 8 Mt
( 4.
4.2
( Burton et al. 2013) .
( Kelley
et al. 2004) Marty  Tolstikhin ( 1998)
3
He
CO,/’He () CO,
( 4.
CO,
( Burton et al. 2013)
Dip = Dpy x| *He) p X ( C/*He) X Th
(10)
D p, Dy, Tpy,
o Marty Tolstikhin
( 1998)
CO, 132 Mt.
CO,
CO,
150 Mt( Alt and Teagle 1999) .
4.3
o CO,
Co, 36.6 Mt 6) .
( Walter et al. 2011)
( Foley

2011; Foley and Fischer 2017) .
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5 o,

Table 5 A list of volcanic CO, fluxes in subduction zones

609

(t/a)

/

1 Villarrica 170000 170000 Sawyer (2011)
2 Galeras 370000 370000 Zapata ( 1997)
3 Sierra Negra 140000 220825 360825 Padron  (2012)
4 Merapi 90000 78475 168475 Toutain  ( 2009)
5 Miyakejima 5290000 43618 533361 orinohara (2003) ; Hemander
(2001a)
6 Satsuma-dwojima 40000 7300 47300 Shimoike ( 2002)
7 Showa-Shinzan 3760 3760 Hernandez ( 2006)
8 Usu 60712 60712 Hernandez (2001b)
9 Hakkoda 27010 27010 Hernandez  ( 2003)
10 Popocatépetl 10590000 10590000 Burton (2013)
11 El Chichén crater lake 187975 7665 195640 Paz (2016)
12 Soufriere Hills 535820 535820 Edmonds (2010)
13 White Island 650000 650000 Rose (1986) ; Wardell ~ (2001)
14 Taupo 440000 226300 666300 Werner  Cardellini ( 2006)
15 Ambrym 7300000 7300000 Allard  (2009)
16 Yasur 310000 310000 Métrich  (2011)
17 Santa Ana 59130 59130 Salazar  (2004)
18 Cerro Negro 1022000 1022000 Salazar ( 2001)
19 Rabaul 876000 876000 Pérez  ( 1998)
20 Cuicocha 38720 38720 Padrén  (2008) ;
21 Masaya 710000 637655 1347655 burton  (2000); Martin
(2010)
22 Pululahua 96800 96800 Padrén  (2008) ;
23 Kudryavy 20000 20000  Fischer ( 1998)
24 Bezymianny 360000 360000 Lépez (2013)
25 Gorely 240000 240000 Aiuppa (2012)
26 Lassen 7600 35000 42600 Rose Lee Davisson ( 1996)
27 Mt. Shasta 8500 8500 Rose Lee Davisson ( 1996)
28 Mammoth Mountain 14600 189800 204400 Sorey ( 1998)
29 &X%hmgm" and Belknap 2400 2400 James (1999)
30 Mt. Jefferson 7920 7920 James ( 1999)
31 Mt. Bachelor 1800 1800 James ( 1999)
32 Salton Trough 44000 44000 Kerrick  ( 1995)
33 Three Sisters 4400 4400 James ( 1999)
34 Mageik 124465 124465 Doukas  McGee (2007)
35 Martin 20000 20000 Burton (2013)
36 Mt. Baker 60000 60000 McGee (2001);
37 Reboubt 10000 10000 Doukas  McGee (2007)
38 Spurr 350000 350000 Burton (2013)
39 Ukinrek Maars 70000 1095 11863 82958 Evans (2009)
40 Augustine 642400 642400 Symonds  ( 1992)
41 Iliamna 50000 50000 Doukas  McGee (2007)
69000 (2011b); Zhan
42 ( ) 230000 299000 (2015) :Sun  (2018) €
43 41245 41245 Wen (2016)
44 - 1760000 1760000 Seward  Kerrick ( 1996)
34600000
1 Etna 5970000 250000 1000000 7220000 B“;t‘l’;‘m) (2013)3 D7 Alessandro
2 Stromboli 730000 $2125  si2125 Durton (2013 Caraperza - Fe-

derico. (

2000)
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co,

B 2013); I i
3 Vuleano 120000 2000 41975 ieaies uion (2013) 1 Inguagiato
(2012)
4 Ischia 9461 468940 478401 Pecoraino  ( 2005)
5 Pantelleria 34000 361000 395000 Favara (2001)
6 Solfatara 556260 556260 Chiodini  (2001)
7 Vesuvio 202000 55115 257115 Frondini  (2004)
8 Albani Hills 157960 26840 184800 Chiodini  Frondini ( 2001)
9 Bossoleto Siena 3500 3500 Méorner  Etiope ( 2002)
10 Caldara di Manziana 7300 7300 Chiodini  ( 1999)
Campanian desassing struc—
no ampanian cegassing strue 3080000 3080000 Chiodini  ( 2004)
ure
12 Castiglioni 4400 4400 Morner  Etiope (2002)
13 Latera Caldera 127750 127750  Chiodini  ( 2007)
14 Mefite d” Ansanto 730000 730000 Chiodini  ( 2010)
15 Naftia Lake area 72217 72217  Giammanco ( 2007)
16 Pienza 4015 4015 Rogie (2000)
17 Poggio dell” Ulivo 73000 73000 Chiodini  ( 1999)
18 Rapalano Cecilia 17520 17520  Rogie ( 2000)
19 Rapalano Mofete Diambra 35040 35040 Rogie (2000)
20 San Sisto 21600 21600 Italiano  ( 2000)
21 Selvena 6205 6205 Rogie (2000)
22 Telese 20000 20000 Italiano  ( 2000)
Tuscan Rom:e
23 uscan oman 6160000 6160000 Chiodini  ( 2004)
degassing structure
24 Umbertide 5840 5840 Rogie (2000)
25 Ustica 260000 260000 Etiope ( 1999)
26 Phlegrean Fields 572000 572000 Chiodini  (2001)
27 Panarea 17200 17200  Schipek  (2013) ;
28 Roccamonfina 7480 7480 Gambardella ( 2004) ;
29 Amiata 3870 3870 Gambardella (2004) ;
30 Vulture 18000 3340 21340 Caracausi ( 2015)
31 Methana 1095 1095 D’ Alessandro  ( 2008)
32 Nisyros 24787 24787 Caliro  ( 2005)
33 Nisyros caldera 30660 30660 Cardellini  ( 2003)
34 Nea Kameni 5621 5621 Chiodini  ( 1998)
35 - 15000000 15000000 Zhang (2017a)
53000 (2012 2014) ;
36 4430000 4480000
( ) Zhang  (2016)
41000000
75600000
( ) €O,
( Foley and Fis— 160~100 Ma 50 Ma
cher 2017) . Co,
( Brune et al. 2017) ;
CO,. Lee (2016) 142 ~ 170 Mt
Magadi—Natron ( <1000 km?) CoO, o
CO, 4 Mt
Co,
( Marty and Tolstikhin 1998) . Brune ( Lee et al. 2016; Foley and Fischer
(2017) 2017) .
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6 Co,
Table 6 A list of volcanic CO, fluxes in mid-ocean ridges and intraplate volcanoes (t/a)
/ /
1 Grimsvotn 190000 190000  Agstsdottir  Brantley ( 1994)
2 Hengill 165345 165345 Hernandez (2012)
3 Krafla 84000 84000  Armannsson  (2007)
4 Reykjanes 12660 12660  Burton (2013)
5 Furnas 9358 375950 385308 Cruz (1999) ; Pedone (2015)
6 Teide ( Las Canadas) 66000 158400 224400 Koepenick ( 1996)
1060000
1 Mt. Erebus 590000 14600 604600 Wardell (2003 2004)
2 Nyiragongo 10590000 10590000 Burton (2013)
3 Erta Ale 20000 20000 Burton (2013)
4 Aluto 20805 20805 Hutchison (2015)
5 Oldoinyo Lengai 2420000 36432 2456432 E;‘;:H‘ﬁy ( Zgj[))emck (1995)
6 western Eger Rift 21900 21900 Nickschick (2015)
7 Magadi—Natron Basin / 4000000 4000000 Lee (2016)
8 Kilauea 2390000 2390000 Burton (2013)
9 Yellowstone 16400000 16400000 ( Werner and Brantley 2003)
36550000
o 20 Mt/a( 7)o
CO, ( 2014
o 2015) CO,
5 CcO 19.48 Mi( 7, 4),
2 . co,
5.1 Co, 4. 48 Mi( 2012 2014; Zhang et al. 2016)
CO, 280
5.1.1 €O, grm Ped™ 875 gem7ed -
CO, 20 90 CO,
Chiodini ~ ( 1998) 15 Mt 7~437 gem > +d”'( Zhang et
al. 2017a) .
CO, 50000 t.
_ co, ( 2014 2015)
7 - Co,
Table 7 The scale of the CO, release from Cenozoic volcanic-geothermal fields in China
/(t/a) /(t/a) /(t/a) *He/*He( Ra) 3" Coo, /e
1 4430000 53000 4480000 1.55~5.27 -9.0~-2.07
2 - 15000000 / 15000000 0.04~1.02 -14.8~-0.1
3 / 268 268 / /
4 / 170 170 / /
5 230000 69000 299000 2.7~6.33 -7.5~-3.5
6 4500 / 4500 1.88~3.87 -8.8~-3.1
/ 19664500 122438 ~ 2x107 / / /
: :Du (1999); (2006 2008) ; Mao  ( 2009) ; (2011b) ; (2012 2014) ; Xu (2013);
(2015) ; Zhang (2015 2016 2017b) ; Zhang (2017a);Sun (2018) .
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(1999)
4 _

co,

Huang( 2012)
CO,

Fig.4 The characteristics of the release of CO, from typical volcanic-geothermal fields in China

Co, 303 500 t(
7 4.

. Co, 3%
10°t CO, 19.4 ¢/
m’«d 39.2
g/m2°d( 2011b; Zhang et al. 2015; Sun et
al. 2018) ;

300 ( 1719~1721 ) Co,

10.3 g/m’+d
Co, 4500 t( 2015) .
( —
. . . )
Co, 20 Mi( 7)
( 8; Werner

and Brantley 2003) .
5.1.2 CO,

*He/*He (1.55~5.27 Ra 3.3 Ra)
8"Ceo, (=9.0%0~~2.07%0 —4. 6%o)

( 2014; Zhang

et al. 2016)

o, 15% ~55%
( 2014; Zhang et al. 2016)
- *He/*He
0.014 ~0.572 Ra
1% ~10% 8" Ceo, ~12. 9%0~
~5%o

~

( Zhang et al. 2017b) . -

*He/*He

0.04~1.02 Ra §"Cy, —14. 8%0~ —0. 1%o

( 2014 2017; Zhang et al. 2017a) .
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8 Co,
Table 8 Comparison between CO, fluxes released from typical volcanic fields in China and those in other countries
/(t/a) /(t/a) /(t/a) /( Mt/a)
1 / 19664500 122438 ~20 7
2 FEina 5970000 1000000 250000 7.22 gﬁ‘r;';qar(ldzgl‘z) (1997)
Burton  (2013)
3 Vulcano 120000 41975 2190 0.16 Inguaggiato  ( 2012)
4 Yellowstone / 16400000 / 16.4 Werner  Brantley( 2003)
5 Merapi 90000 78475 / 0.17 Toutain ~ (2009)
6 El Chichén crater / 7665 187975 0.2 Paz (2016)
7 Nisyros / 24787 / ~0.02 Caliro  (2005)
8 Satsuma-wojima 40000 7300 / ~0.05 Shimoike  ( 2002)
( 2014; Zhang et al. 2017a)
( co, )
( Zhang et al. 2015)  °*He/*He (2.7~6.33 ( 7, 4 2014) .
Ra 5.4 Ra) (5.37+ 5.2 Co,
1. 87 Ra) ( Hilton et al. 2002) §"C, =7. 5%0 ~ 2009 “DCC 7
3. 5%o( —5. 4%o0) ( . .
. He-C )
C02 N N .
( Chen et al. 2014; Sver—
jensky et al. 2014; Burton et al. 2013) .
( Zhang et al. 2015) .
3 4
He/ He ( 2010) . “«
( 3.0 Ra) ”( Deep Earth Carbon Degassing Project)
(Mao et al. 2009; Xu et al. 2013)  §"Cg,
( =5. 5%0) ( -6.5 + 2. 5%0)
( Brune et al. 2017) o
(Du et al. 1999; 2006 (o )
2008; Mao et al. 2009; Xu et al. 2013) . : '
.CO, ’ ’
( 2014 . X
2015, 7. 4). 140000 km
3 (4 2010) .
Co, ( 2014 2015 ?
2017) A
CO,
( 4o
( 2014 2015) . CO,
(1000 km
)

( Zhang et al. 2015)
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Fig.5 Automatic semi-continuous soil gas emission volcanic monitoring system in Lipari island = Sicily Ttaly
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