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Kelemen & Behn 2014, submitted; Data compilations:  
Kelemen et al. 2003 AGU Ch11, Singer et al. 2007,  
Yogodzinski et al. WAVE dredging expedition 2005,  
Yogodzinski, Hoernle, Portnyagin pers. comm. 2013 
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in any case, … 

central Aleutian 
lavas & plutons 
are isotopically 

distinct 



central Aleutian plutons have 
distinctly different sources from 

central Aleutian lavas 
 

primitive Holocene Aleutian lavas  
are not representative of bulk arc crust 

 

 



either the source of central Aleutian magmas  
changed rapidly after 9 Ma,  

or there have been two distinct types of  
magma source throughout Aleutian history 

 



if there have been two different sources  
throughout Aleutian history: 

wetter, more SiO2-rich magmas 
may stall when they degas in the mid-crust 

 









central Aleutian plutons have 
distinctly different sources from 

central Aleutian lavas 
 



central Aleutian arc crust is more  
“calc-alkaline” 

and more similar to continental crust 
than central Aleutian primitive lavas  



relamination not delamination: 
continental lower crust 

forms from 
arc upper crust 

 
Peter Kelemen & Mark Behn 

review article accepted for Nature Geoscience 
 

(also check out Hacker, Kelemen & Behn,  
Ann. Rev. Earth Planet. Sci. 2015) 



Kelemen & Behn 2015, Nature Geoscience 
compilations: Kelemen 1995; Rudnick & Gao 2003; Hacker et al. 2015 
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continental crust estimates 



Kelemen & Behn 2015, Nature Geoscience 
compilations: Rudnick & co-workers 1990-2014; Huang et al. 2013; Hacker et al. 2015  
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Kelemen & Behn 2015, Nature Geoscience 
compilations: Kelemen et al. 2003 AGU Ch11, Singer et al. 2007,  
Yogodzinski et al. 2015 



Kelemen & Behn 2015, Nature Geoscience 
Data compilation: Kelemen et al. ToG 2003, 2014 



Kelemen & Behn 2015, Nature Geoscience;  
compilations: Kelemen et al. 2003 AGU Ch11, Singer et al. 2007,  
Yogodzinski et al. 2015 
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Kelemen & Behn 2015, Nature Geoscience 
compilation: Jordan et al. CentAm & IBM Geochem Database v. 1.02 
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Kelemen & Behn 2015, Nature Geoscience 
compilation Jordan et al., CentAm & IBM Geochem Database, 2012 



lavas W 

lavas E 

plutons 

Kelemen & Behn 2015, Nature Geoscience 
compilations: Kelemen et al. 2003 AGU Ch11, Singer et al. 2007,  
Yogodzinski et al. 2015 
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Kelemen & Behn 2015, Nature Geoscience 
compilations: Kelemen et al. ToG 2003, 2014;  
Jagoutz & Schmidt Chem Geol 2012; Jagoutz EPSL 2014 



co
nc

en
tra

tio
n/

co
nt

in
en

ta
l c

ru
st

 

Kelemen & Behn 2015, Nature Geoscience 
calculated using arc data x lava/(lower crust)  
& pluton(lower crust) fr Talkeetna & Kohistan 



andesitic 
lavas & plutons 

dense, mafic 
cumulates 

delamination, 
foundering 

Ringwood & Green, 
1966; Herzberg et al 
1983; Kay et al. 1985; 
Kay & Kay 1990, 1991; 
Ducea & Saleeby 1996; 
Jull & Kelemen 2001 
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75% 
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74% 
of Talkeetna & 

Kohistan lower crust 

Kohistan southern plutonic complex  

Kohistan Chilas complex  

Talkeetna arc lower crust  

continental granulite massifs 

continental granulite xenoliths 

Kelemen & Behn 2015, Nature Geoscience; 
compilations as in  

previous  
slides 
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83% 
of Talkeetna & 

Kohistan lower crust 

75% 
of granulite 
xenoliths and massifs 

74% 
of Talkeetna & 

Kohistan lower crust 

Kelemen & Behn 2015, Nature Geoscience 
compilations as in previous slides 



predominantly  
felsic upper 

& middle crust 

mafic 
lower 
crust 

delaminated 
 mafic rocks 

remaining 
mafic 
lower 
crust 

subducting 
mafic 

compositions 

felsic 

relaminated 
felsic 

compositions 

arc  
crust delamination relamination 



Shillington et al. G3 2004, Hacker et al. 2011 

Aleutian lower  
crust is definitely mafic 
with Vp > 7.3 in large 
regions …  
but what if the Aleutians  
were gradually subducted 
via subduction erosion? 



Kelemen & Behn 2015, Nature Geoscience 
using data compilations as in previous slides 



Kelemen & Behn 2015, Nature Geoscience 
using data compilations as in previous slides 
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Kohistan southern plutonic complex  
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Kelemen & Behn 2015, Nature Geoscience; 
compilations as in  

previous  
slides 
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Aleutian & IBM lavas 

continental granulite massifs 

continental granulite xenoliths 
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IBM & SWJ 

Kelemen & Behn 2015, Nature Geoscience; 
compilations as in  

previous  
slides 



relamination not delamination: 
 

continental lower crust 
forms from 

arc upper crust 



thank you for your attention 
and thanks GeoPRISMS!!! 



warning: the speaker is about to  
embark on an entirely different talk 





compaction 0.01-0.11 

smectite-illite 0.03-0.93 

serpentinized 
cold nose 
0.2-1.3 

diffuse flux? diffuse? volcanic 18-43 

solid storage 
0-41 

fluxes in Mt C/yr 





Kermadec                                                                     
Chile 

f 

X25 subduction geotherms from Syracuse et al. PEPI 2010; 
solidus from Schmidt et al. EPSL 2004; serp out from Ulmer & Trommsdorff Science 1995  





metamorphic decarbonation reactions (Gorman et al. 2006) 
 

     4-37 Mt C/yr 



Kermadec                                                                     
Chile 

f 

subduction geotherms from Syracuse et al. PEPI 2010; 
solidus from Schmidt et al. EPSL 2004; serp out from Ulmer & Trommsdorff Science 1995  



fluids from  
carbonate-bearing 
serpentinite at base of crust 



dehydration ≤ 10 wt% aqueous fluid,  total C in fluid 
500 m sediment + 500 m carbonated basalt 
0.05 m/yr subduction velocity, 50,000 km subduction zones 
 

     ≤ 21 Mt C/yr 





Behn et al., Nature Geoscience 2011 



Behn et al., Nature Geoscience 2011 

Tonga, N Costa Rica,  
Mariana 

Izu 
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initiation of buoyant  
metasedimentary  

diapirs 

Eggler 1978; Ellis &Wyllie 1980; Falloon &Green 1989; 1990;  
Wyllie & Huang 1976; Dasgupta & Hirschmann 2006 



aqueous 
melts &  

fluids from  
C-bearing  
melts of  

subducting 
material,  

diapirs, &/or 
mantle) 



sediment 13-23 (13-17) 

crust 22-28 (12-61) 

mantle 4-15 (“36?”) 

from subducting plate into  
shallow mantle, crust, ocean 
& atmosphere 14-66 (18-37) 

arc volcanoes 18-43 (18-37) 

solid storage 0-47 (-) 

from subducting plate to 
convecting mantle 

0.0001 to 52 (24-48) 

ridge and 
ocean island 
volcanoes  

8-42 (13-90) 

diffuse 
outgassing 

4-15  
or more (-) 

total 39-66 (61?-114?) 

values in Mt C per year 
 
values in parentheses are from Dasgupta & Hirschmann EPSL 2010 (DS10)  
asterisk indicates values from DS10 used in this paper 
“36?” is a direct quote from DS10;  
 note Dasgupta RIMG 2013 (D13) used a value of 5 Mt C/yr 
(-) indicates that DS10 & D13 did not estimate a value for this flux 
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from subducting plate into  
shallow mantle, crust, ocean 
& atmosphere 14-66 (18-37) 

arc volcanoes 18-43 (18-37) 

solid storage 0-47 (-) 

from subducting plate 
to convecting mantle 

0.0001-52 (24-48) 

ridge and 
ocean island 
volcanoes  

8-42 (13-90) 

values in Mt C per year 
 
values in parentheses are from Dasgupta & Hirschmann EPSL 2010 (DS10)  
asterisk indicates values from DS10 used in this paper 
“36?” is a direct quote from DS10;  
 note Dasgupta RIMG 2013 (D13) used a value of 5 Mt C/yr 
(-) indicates that DS10 & D13 did not estimate a value for this flux 

diffuse 
outgassing 

4-15  
or more (-) 

total 39-66 (61?-114?) 



Hayes & Waldbauer PTRSL-B 2006; Marty et al. RIMG 2013 

steadily increasing carbon concentration 
in the mantle lithosphere + crust  
+ ocean + atmosphere 
 
consistent with 3He/CO2  
correlation & noble 
gas data indicative 
of less-degassed 
reservoir in 
the mantle 



thank you for  
your attention 
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carbon fluxes in subduction zones:  
what goes down, mostly comes up 

 
Peter Kelemen & Craig Manning  
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systematically distinct sources for Aleutian plutons and lavas 
 

Merry Cai, Matt Rioux, Peter Kelemen & Steve Goldstein  
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