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The recycling of the upper plate crust in subduction zones ('subduction erosion') has been 
recognized as important mechanism of crustal recycling at convergent margins.  

Detailed studies of olivine-phyric, Ni-rich high-Mg# basalts and andesites in the 
Quaternary central Mexican Volcanic Belt (MVB) provide new constraints for recycling by 
subduction erosion. These arc magmas that include calc-alkaline (dominant) and 
Nb-enriched (subordinate) series are near-primary mantle melts that escaped crustal 
contamination during ascent through the ca. 45 km thick crustal basements [Straub et al. 
2008,  2011, 2013, 2014, 2015].

He-O isotope ratios of high-Ni olivines constraints the ubiquitous presence of a 
slab-derived crustal component. However, Nd-Hf isotope systematics rule out the pelagic 
trench sediment as crustal end member, and imply a crustal component that has been 
eroded at the trench from the overlying continental crust.

Central MVB basalts and andesites commonly contain 
high-Ni forsteritic olivine phenocrysts that combine high 
3He/4He = 7-8 Ra of mantle melts with high 18O (melt 
+6.3-8.4‰) of crustal compositions (left).

This combination rules out signficant crustal 
contamination and implies the presence of a crustal 
component from slab, and not from the overlying crust.  

We tested this inference through comparison of the 
Sr-Nd-Pb-Hf isotope ratios of MVB magmas  with crustal 
compositions of the incoming  slab (Straub et al.  2015, 
GCA).

Study area

Central MVB arc magmas are hybrids of mantle and recycled slab components

Nd-Hf isotopes imply recycling of eroded continental crust, and not of trench sediment

This study is funded by NSF-EAR grant 12-20481.  O. Pérez-Arvizu, WY Hsu and E. Knapp are thanked for lab assistance. Special thanks to V. Loreto Becerra, S. Nuño Licona, J. Valenzuela Gonzalez and HS Herrera Fernandez for help in the field.

50

60

70

50 60 70

S
iO

2 
w

t%
 - 

w
ho

le
 ro

ck

MORB

Mg/(Mg+Fe2+) - whole rock

ba
sa

lt
ba

s.
 a

nd
.

an
de

si
te

da
ci

te

in eq. with
mantle

50

60

70

80

50 60 70 80

Mg/(Mg+Fe2+) - whole rock

in eq. with
mantle

in-mixed olivines
(Popocateptl)

M
g/

(M
g+

Fe
2+

) -
 o

liv
in

e

0.2826

0.2828

0.2830

0.2832

0.5120 0.5124 0.5128 0.5132

17
6 H

f/1
77

H
f

144Nd/143Nd
0

10

20

30

0.2826 0.2828 0.2830 0.2832

176Hf/177Hf

N
d/

H
f

no
rm

al
iz

ed
 to

 p
rim

iti
ve

 m
an

tle

Ti
Nb Ta

Ba

Pb

Li

Cs
Rb

Ba
Th

U
Nb

Ta
K

La
Ce

Pb
Pr

Sr
Nd

Zr
Hf

Sm
Eu

Ti
Gd

Tb
Dy

Y
Li

Ho
Er

Yb
Lu

1

10

100

1000

N
i a

bu
nd

an
ce

s 
 in

 o
liv

in
e 

 p
pm

74 78 82 86 90 94

olivine Fo mole%

2000

0

4000

6000

MORB
olivines

initial
peridotite

melts

fractional
crystallization

‘high-Ni
olivines’

initial
pyroxenite

melts

0

2

4

6

8

10

5 6 7 8 9 10

3 H
e/

4 H
e 

R
a 

- f
ro

m
 o

liv
in

e

18O melt  - from olivine

MORB  
R/Ra = 8±1

M
O

RB
  5

.5
 - 

6.
0 

‰
 V

SM
O

W

2

A 3-component mixture of subarc mantle, AOC and pelagic trench sediment fails to reproduce 
the trend of the MVB  magmas. However, a mixture of subarc mantle, AOC and granodiorite 
crust from the Mexican fore-arc reproduces the calc-calc-alkaline arc series. We propose that 
that granodiorite forearc crust was entrained by either landward surface erosion, or by abrasion of the underside of the upper plate. A subducted 
seamount cluster may create locally Nb-rich arc magmas. At an estimated flux of 79–88 km3/km/Myr and thickness of 1500–1700 m, the eroded 
granodiorite may buoyantly rise into the mantle melt region and impose its trace element signature (e.g., Th/La, Nb/Ta) on the arc magmas.

Nb-rich 
calc-alkalineHe + O

isotopes

pelagic trench sediment
terrigenous trench sediment
Acapulco/offshore crust
overlying crust
Cenozoic EPR MORB
recycled eroded granodiorite
recycled seamounts

Te
rre

str
ial

 ar
ra

y

Pelagic sed.
Nd/Hf=27

Pelagic sed.
Nd/Hf=27

Eroded
granodiorite
+ eroded 
seamounts
Nd/Hf=6

Nd/Hf=4-4.5

Nd/Hf=4-4.5

Mantle + AOC

Mantle + AOC

1243B
(10)

1217A
(48)

163
(72)

469
(17)

472
(15)

470A
(15.5)

1334B
(38)

1333A
(49.5) 1332A

(45.5)
piston 
corers

Acapulco DSDP Leg 66
(panel C)

Te
hu

an
. R

.

Ea
st

 P
ac

ifi
c 

R
.

0

5

10

0

5

10
0 10 20 km

vertical elevation  ~ 2 : 1

487 486
488

491
492 490 489

493

Trench

incoming 
oceanic
plate

continental
basement 

km
 b

el
ow

 s
ea

le
ve

l

106° 104° 103° 100° 98°

21°

20°

19°

18°

17°

16°

15°

N
W

0 100
km

M
i d d l e    A m e r i c a    T r e n c h

E
P

R

RFZ

TFZ

Cocos Plate

Acapulco

Pacific
Plate

Pacific Plate Cocos Plate

COLIMA

40 km

80 km

Xolapa

Chalcatzingo

Valle
Santiago

Puente
Negro

DSDP Leg 66
(panel C)

NDT
POP

Palma
Sola

MC

B

A

C

panel B

MORB from DSDP/ODP/IODP
DSDP Leg 66 study area
Acapulco/offshore continental crust
Continental crust/xenoliths
terrigenous/pelagic trench sediment

Fig. 2

B DSDP Leg 66
drill sites
on continental slope

61 wt% SiO2

Eroded
granodiorite
+ eroded 
seamounts
Nd/Hf=6

50

0

100

150

200

1300oC
1400oC

1300 oC

1400 oC

1100oC

1100 oC

900oC
700oC

900 oC

200 300 400

Distance from trench  (km)

D
ep

th
  (

km
 b

el
ow

 s
ea

flo
or

)

continental      basement

S

central
MVB

granodiorite
diapir
seamount
diapir

zone
of melt-
rock
reaction

deep slab melt
slab fluid

S


