
Garnet  containing  exsolved  pyroxene  is  generally 
recognized as the breakdown product of former majoritic 
garnet formed in the deep upper mantle. Majoritic garnet 
has been recognized in various natural ultrahigh-pressure 
metamorphic rocks representing the exhumed remnants of 
past subduction zones or mantle from depths greater than 
200-300 km. The most convincing evidence for former 
majoritic garnet is the strong crystallographic topotaxy 
between oriented pyroxene rods and garnet host. However, 
such a crystallographic topotaxy is not clear for interstitial 
pyroxene, which is more important for the determination 
of  depth  origin  of  former  majortic  garnet  due to  its 
relatively  large  volume  comparing  to  intracrystalline 
pyroxene.  To  characterize  quantitatively  the 
decompression  process  of  majortic  garnet,  we  have 
conducted  systematic  annealing  experiments  using  a 
1000T uniaxial hydraulic multianvil at China University 
of  Geosciences  (Wuhan).  The  starting  material  is  a 
mixture of reagent-grade powders that are equivalent to 20 
vol.% Opx + 80 vol.% Grt. The starting material was 
heated at 1450 ºC for 2 hours at 1 atm pressure with a 
fixed oxygen fugacity (fO2=10-11MPa) before synthesis at 
15 GPa and 1400 °C. The synthesized polycrystalline 
majoritic garnet (Si=3.21, grain size = 20-30 μm) was 
used  for  subsequent  decompression  experiments.  The 
decompression experiments were conducted at 5, 7, 10 
GPa and 1300-1400 °C for ~40 hours. The experimental 
results show that the interstitial pyroxene precipitation is 
an earlier stage exsolution from majoritic garnet at higher 
pressures comparing to the intracrystalline precipitation. 
Temperatures  higher  than  1200  ºC  are  needed  for 
exsolution during our decompressing experiments. EBSD 

analyses show a characteristic topotaxial relationship of 
(100)px // (112)grt, (001)px // (111)grt and (010)px // (110)grt 
for the majority of interstitial and intracrystalline pyroxene 
precipitations.  Furthermore,  many  intracrystalline 
pyroxene precipitations have the same crystallographic 
orientation  as  interstitial  pyroxene  precipitations, 
indicating  a  possible  exsolution  origin.  The  same 
orientation of intracrystalline and interstitial pyroxenes 
can be additional evidence demonstrating their exsolution 
origin when the characteristic topotaxial relationship is 
obscured or destroyed by garnet recrystallization. 

 
Key  words:  majoritic  garnet,  pyroxene  exsolution, 

crystallographic topotaxy, EBSD 

 
References 
Dobrzhinetskaya, L.F., Green, H.W., Renfro, A.P., Bozhilov, K.

N.,  Spengler,  D.  &  van  Roermund,  H.L.M.,  2004. 
Precipitation  of  pyroxenes  and  Mg2SiO4  from  majoritic 
garnet: simulation of peridotite exhumation from great depth. 
Terra Nova, 16: 325-330. 

Irifune, T., 1987. An experimental investigation of the pyroxene-
garnet transformation in a pyrolite composition and its bearing 
on the constitution of the mantle. Phys. Earth Planet. Int., 45: 
324-336. 

Spengler, D., van Roermund, H.L.M., Drury, M.R., Ottoline, L., 
Mason, P.R.D. and Davies, G.R., 2006. Deep origin and hot 
melting of an Archean orogenic peridotite massif in Norway. 
Nature, 440: 913-917. 

Van Roermund, H.L.M., Drury, M.R., 1998. Ultra-high pressure 
(P  >  6  GPa)  garnet  peridotites  in  Western  Norway: 
exhumation of mantle rocks from >185 km depth. Terra Nova, 
10: 295-301. 

Zhang, J., Xu, H., Liu, Q., Green, H.W., Dobrzhinetskaya, L.F., 
2011. Pyroxene exsolution topotaxy in majoritic garnet from 
250 to 300 km depth. J. Metamorph. Geol., 29: 741-751. 

ZHANG Junfeng*, FENG Siyu, WU Yao and XU Haijun, 2013. Experimental Investigation on the Exsolution of Pyroxene from Majoritic 
Garnet at High Pressure and Temperature. Acta Geologica Sinica (English Edition), 87(supp.): 522. 
 
 
Experimental Investigation on the Exsolution of Pyroxene from Majoritic Garnet 

at High Pressure and Temperature 
 
 

ZHANG Junfeng*, FENG Siyu, WU Yao and XU Haijun 
 

China University of Geosciences, Wuhan, Hubei 430074 

 Vol. 87   Supp.                                                                                                                                                                                  

* Corresponding author. E-mail:  jfzhang@cug.edu.cn 

 

522 

ACTA GEOLOGICA SINICA (English Edition)  
http://www.geojournals.cn/dzxben/ch/index.aspx     http://mc.manuscriptcentral.com/ags June 2013 


