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Dabbahu Composite Volcano 
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Figure 1. Regional setting of the study area in Afar Ethiopia. The Afar depression marks the 
meeting between the Main Ethiopian Rift (MER) and the Red Sea and Gulf of Aden rift systems.
The triple junction between Nubia, Arabia and Somalia is presently located just above the 
Tendaho-Goba’ad discontinuity (TGD). In Afar magmatic and tectonic activity is largely focused 
along narrow rift segments (shown in red). Yellow lines show the location of dyke intrusion
obsrved in 1978 (AG rift) and since 2005 (DMH rift). Geodetic models (refs 10,11) show that 
extension between Africa and Arabia is accomodated completley within the depression. 
The overlap between the on-land Red Sea and Aden system is marked by a zone of faulting and 
rotation (ref x) . White box marks the location of !gure 2. 
Red Sea system: EA (Erta Ale), TA (Tat Ali), AL (Alyata), DMH (Dabbahu-Manda Hararo),
MH (Manda Hararo), TG  (Tendaho graben); Aden rift: AG (Asal-Ghoubbet), MI (Manda-Inakir)

Northernmost	  end	  of	  acHve	  Manda-‐Hararo	  RiL	  Segment	  
West	  of	  2005	  Da’Ure	  Vent	  
Small	  offset	  from	  Alayta	  RiL	  Segment	  to	  North	  



Wide	  range	  of	  magma	  types	  erupted	  from	  same	  vent/fissure	  system	  



Extreme chemical differentiation 

Rocks	  are	  phenocryst-‐poor	  –	  close	  to	  liquid	  composiHons	  
Olivine	  +	  plagioclase	  +	  cpx	  stable	  over	  enHre	  differenHaHon	  trend	  

	  



New Ar-Ar dating 

• Dabbahu	  is	  ≤100,000	  years	  old	  
• ~35	  km3	  erupted	  volume	  =	  0.01	  m3	  s-‐1	  
• No	  evidence	  of	  temporal	  chemical	  evoluHon	  



Mineralogical evolution 

olivine	   clinopyroxene	  feldspar	  



Constant	  raHos	  of	  incompaHble	  
elements	  suggest	  single	  magmaHc	  
lineage	  from	  parental	  axial	  basalt	  
	  
10-‐fold	  increase	  in	  incompaHble	  
trace	  elements	  
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Volatiles in 
melt inclusions 
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• Data	  do	  not	  describe	  simple	  degassing	  trends	  
• Some	  high	  CO2	  inclusions	  –	  gas	  fluxing?	  
• CrystallisaHon	  of	  small	  magma	  batches	  over	  range	  of	  pressures	  

0

100

200

300

400

500

600

700

3 4 5 6 7 8

325 MPa

275 MPa

225 MPa

175 MPa

125 MPa

p
p

m
 C

O
2

wt% H
2
O

parent

field of melt
inclusions

0

100

200

300

400

500

600

1 2 3 4 5 6 7 8

p
p

m
 C

O
2

wt% H
2
O

parents

0

50

100

150

200

250

300

350
0 10 20 30 40 50 60 70

decompression only
isobaric vap. sat'd
isobaric vap. undersat'd
slow decomp. xtlln
fast decomp xtlln

P
re

s
s
u

re
 (

M
P

a
)

wt% crystallised



Depths of entrapment 

Stacked	  sills	  at	  2-‐6	  km	  depth	  gives	  good	  fit	  to	  INSAR	  data	  



Constraints on crystallisation conditions 
from MELTS and pMELTS modelling 

Observa1on	   Constraint	  

BasalHc	  parent	  has	  mg#	  =	  0.6	   Not	  in	  mantle	  equilibrium	  

Lack	  of	  opx	   fO2<FMQ	  

Ilmenite	   fO2≤FMQ-‐1	  

An80,	  Fo80	   3	  kb>P≥1	  kb	  

CotecHc	  Ol+Plag+Cpx	  in	  basalts	   3	  kb>P≥1	  kb,	  H2O≤0.3	  wt%	  

4±1	  wt%	  H2O	  in	  rhyolites	   ~0.4%	  H2O	  in	  parent	  

Liquid	  line	  of	  descent	  (esp.	  CaO)	   P≤3	  kb	  

Max	  Al2O3	  =	  17	  wt%	   ≤	  0.4	  wt%	  H2O	  in	  parent	  

Extreme	  mineral	  variaHon	   ≤90%	  fracHonal	  crystallisaHon	  

Run	  models	  to	  obtain	  best	  fit	  to	  whole-‐rock	  chemistry,	  phenocryst	  
assemblage	  and	  mineral	  composiHons	  



LF44 parent, FC, 2 kb, 0.3 wt% H2O, FMQ-1 
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Similar	  results	  at	  3	  kb,	  0.1	  wt%	  H2O	  



Conclusions 
• Shallow	  differenHaHon	  in	  stacked	  sills	  (or	  dykes)	  –	  2-‐6	  km	  depth	  

• Low	  H2O	  content	  of	  parent	  basalt	  (~0.4	  wt%)	  

• <10%	  of	  basalHc	  input	  becomes	  rhyolite	  

• Shallow,	  dense	  cumulates	  

• Crustal	  contaminaHon	  is	  not	  required	  by	  isotope	  data	  

• Thermal	  budget	  is	  criHcal	  –	  ~100	  ka	  of	  silicic	  magma	  producHon	  

• DifferenHaHon	  enabled	  by	  reduced	  magma	  supply	  at	  segment	  end	  	  


