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Abstract
Previous research on super-reducing ultrahigh-pressure (SuR UHP) 

phases from the Tibetan ophiolitic chromitites were mainly conducted on 
isolated grains extracted from extremely large samples. This approach has 
been questioned because of possible contamination. To elucidate the occur-
rence and origin of these SuR UHP minerals, we studied 33 thin sections 
and rock chips of three ophiolitic chromitites from the Yarlung Zangbo 
suture zone. Here we report and analyze unambiguously in situ SuR UHP 

assemblages from the ophiolitic chromitites by electron probe micro-analyzer, scanning microscope 
and Laser Raman spectroscope. The SuR UHP and associated phases include: (1) blue moissanite as 
inclusions in olivine (Fo96–98), and in olivine domains between disseminated chromite grains; (2) mul-
tiple inclusions of moissanite + wüstite + native Fe in olivine; (3) FeNi and FeCr alloys in olivine and 
chromite; and (4) native Fe and Si in chromite. Crustal asphaltum and h-BN also occur as inclusions in 
chromite. Our documented in situ SuR UHP phases, combined with the previously inferred existence 
of ringwoodite + stishovite, all indicate that these assemblages formed under a highly reducing envi-
ronment (oxygen fugacities several orders of magnitude lower than that of the iron-wüstite buffer) in 
the mantle transition zone (MTZ) and in the deep upper mantle. Diamond + moissanite with distinct 
13C-depleted compositions from chromitites have a metasedimentary carbon source. Associations with 
existing crustal minerals in chromitites demonstrate that carbon-bearing metasedimentary rocks were 
recycled into the mantle through subduction, and locally modified its composition. Finally we propose 
a three-stage model to explain the formation of SuR UHP phase-bearing chromitite. Discoveries of 
SuR UHP phases in Luobusa and other ophiolitic podiform chromitites from the polar Ural Mountains 
and from Myanmar imply existence of a new type of ophiolitic chromitite. Such occurrences provide 
an additional window to explore the physical-chemical conditions of the MTZ, mantle dynamics, and 
the profound recycling of crustal materials.
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Introduction
Ophiolites are traditionally considered as the remnants of an-

cient oceanic crust and upper mantle that formed in low-pressure 
rift settings and, subsequently, were emplaced onto active conti-
nental margins (Dilek and Furnes 2014). Podiform chromitites 
spatially associated with ophiolites are thought to have formed 
at shallow depths by mantle melt or rock-melt reactions (e.g., 
Coleman 1977; Zhou et al. 1996). However, documented oc-
currences of diamonds and other UHP minerals in ophiolitic 
podiform chromitites and associated peridotites along the Yarlung  

Zangbo suture zone, Tibet, as well as in the Polar Urals and in 
Myanmar (Yang et al. 2014, 2015), suggest a deep-seated stage 
in the formation of ophiolitic podiform chromitites.

The Luobusa ophiolite crops out along the eastern segment of 
the Yarlung Zangbo suture between the Indian plate and the Lhasa 
block (Fig. 1a); it is a fault-bounded slab lying between Tertiary 
molasse deposits of the Luobusa Formation and the Gangdese 
batholith to the north, and Triassic flysch deposits to the south 
(Robinson et al. 2004) (Fig. 1b). The ophiolite evidently formed 
at a mid-ocean ridge (Zhou et al. 1996) at 162.9 ±2.8 Ma, as 
indicated by U-Pb SHRIMP analyses of zircon from comagmatic 
diabase dikes (Zhong et al. 2006). Podiform chromitites within 
upper mantle harzburgites probably formed later by rock-melt 
reaction in a suprasubduction zone at ~126–120 Ma (Malpas et 

American Mineralogist, Volume 101, pages 1285–1294, 2016

0003-004X/16/0006–1285$05.00/DOI: http://dx.doi.org/10.2138/am-2016-5436      1285 

* E-mail: ruyzhangpan@yahoo.com
Special collection papers can be found online at http://www.minsocam.org/MSA/
AmMin/special-collections.html.

mailto:ruyzhangpan@yahoo.com



