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Compositional zoning in dolomite from lawsonite-bearing eclogite (SW Tianshan, China): 
Evidence for prograde metamorphism during subduction of oceanic crust
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abstRact

Dolomite with compositional zoning was discovered in carbonate-lawsonite-bearing eclogites in the 
Tianshan (ultra-)high-pressure/low-temperature metamorphic belt, northwestern China. The eclogite-
facies dolomite occurs as matrix porphyroblast and as inclusion in garnet, both of which display the 
same chemical zoning pattern. The dolomite contains inclusions of calcite (probably after aragonite), 
magnesite, glaucophane, lawsonite (and its pseudomorphs), allanite, epidote, paragonite, phengite, and 
omphacite. The chemical zoning in dolomite is well defined by a continuous core-to-rim Mg increase 
and Fe-Mn decrease. The concentrations of transition metal elements, REE, and Y also decrease from 
core to rim of the dolomite. Thermodynamic modeling demonstrates that the Fe-Mg zoning of dolomite 
is largely temperature dependent and, thus, is interpreted as prograde growth zoning, which developed 
during subduction of carbonate-bearing oceanic crust. It is suggested that dolomite in equilibrium 
with garnet formed as a result of changing matrix compositions due to increasing temperatures. In 
addition, thermodynamic modeling demonstrates that during subduction at high-pressure conditions 
prograde-formed aragonite and dolomite were transformed to dolomite and magnesite. Furthermore, 
Fe-rich magnesite inclusions in matrix dolomite and in dolomite inclusions in garnet are shown to 
have formed during high-pressure conditions prior to peak metamorphic conditions and, therefore cau-
tion is warranted using Fe-bearing magnesite occurrences in eclogite-facies rocks as an unambiguous 
ultrahigh pressure indicator as previously suggested.
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intRoduction

Carbonates are common minerals in some blueschists and 
eclogites in (ultra-)high-pressure/low-temperature [(U)HP/
LT] metamorphic terranes. Coesite inclusions in dolomite in 
eclogite-facies calc-silicate rocks and metabasalts from the Dabie 
ultrahigh-pressure (UHP) belt were interpreted as evidence for the 
subduction of continental crust (including sediments) to mantle 
depths (>100 km) and that coexisting dolomite and magnesite are 
stable mineral phases under UHP conditions (Schertl and Okay 
1994; Zhang and Liou 1996). Coexisting magnesite, aragonite, 
and calcite inclusions in dolomite have also been reported to oc-
cur in eclogites from several high-pressure (HP) and UHP meta-
morphic terranes and are regarded to be an UHP indicator (e.g., 
Wang and Liou 1993; Zhang and Liou 1994; Zhang et al. 2003). 
However, the coexistence of magnesite and dolomite as well as 
magnesite inclusions in dolomite in blueschists and eclogites 
were also interpreted to have formed under HP conditions (e.g., 
Klemd 2003; Smit et al. 2008; Li et al. 2012).

Compositional zoning is a distinctive feature that is commonly 
observed in petrographical and chemical studies of minerals, and 
it may provide important information on the minerals’ growth 
history and geological conditions during mineral formation. 
Compositional zoning, involving the variations in both trace 
and major elements, is most suitable for studying the dynamics 

of crystal growth (Tracy 1982). Different types of compositional 
zoning in dolomite, including concentric zoning, sector zoning 
and oscillatory zoning, were studied through imaging techniques 
such as cathodoluminescence (CL), backscattered electron imag-
ing (BSE), and X-ray topographs in some sedimentary rocks (e.g., 
Farr 1989; Reeder and Prosky 1986; Reeder 1991; Wogelius et 
al. 1992; Shore and Fowler 1996). However, to our knowledge 
the compositional zoning of eclogite-facies dolomite has not been 
reported and thermodynamically modeled yet. Nonetheless it has 
been rarely observed in other metamorphic carbonates (cf. Jones 
and Ghent 1971; Reinecke et al. 2000).

In the present study, we present concentric Fe-Mg zoning of 
dolomite from HP lawsonite-carbonate-bearing eclogites in the 
southwest Tianshan (U)HP/LT metamorphic belt. The petrog-
raphy and mineral chemistry of the dolomite and its inclusions 
were studied in detail by means of electron microprobe and 
laser ablation-inductively coupled plasma-mass spectrometry 
(LA-ICP-MS). Furthermore, we conducted detailed textural and 
thermodynamic modeling studies of the dolomite and its inclu-
sions to shed some light on the carbonate-phase formations and 
transitions in subducted oceanic crust.

GeoLoGicaL settinG and petRoGRaphy

The Chinese Tianshan (U)HP/LT metamorphic belt extends 
for >200 km along the South Tianshan suture zone separating the 
Yili (-Central Tianshan) block to the north and the Tarim block 
to the south (see Fig. 1a in Li et al. 2012; Gao et al. 1998, 2011; * E-mail: jilei.li@gzn.uni-erlangen.de




