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Chandman district is located in the southeast part of Lake Zone, SW Mongolia, which is
situated in the Central Asian Orogenic Belt. Chandman district consists of four major geologic
units, i.e. Neoproterozoic ophiolites of Khantaishir Formation, eclogite-bearing orthogneisses of
the Alag Khadny metamorphic complex, marbles of the Maykhan Tsakhir Formation, which lie
in contact with eclogite bodies, and the basement block of the Zamtyn Nuruu Formation.

Eclogites in the Chandman district have two modes of occurrences, i.e. lenses and
boudins of eclogites surrounded by orthogneisses of the Alag Khadny metamorphic complex
(eclogite-1) and eclogites in marbles of the Maykhan Tsakhir Formation (eclogite-2). The
marbles contain small lenses of garnet-chloritoid schists, which occur close to a body of eclogite-

2. Eclogite-1 is intruded by veins of orthogneisses.



Eclogite-1 consists mainly of porphyroblastic garnet (<2 mm), clinopyroxene (omphacite,
aegirine-augite), sodic, sodic-calcic, and calcic amphiboles (glaucophane, taramite, barroisite,
winchite, pargasite, tschermakite, Fe/Mg-hornblende, and actinolite) with minor amounts of
epidote, phengite, paragonite, plagioclase, biotite, K-feldspar, rutile, titanite, quartz, calcite,
hematite, ilmentite and zircon. Eclogite-2 consists mainly of garnet (<0.3 mm), omphacite, and
minor amounts of sodic-calcic calcic amphiboles (barroisite, Mg-taramite, tschermakite,
pargasite, Mg-hornblende and actinolite), epidote, paragonite, plagioclase, chlorite, calcite,
biotite, quartz, titanite and rutile.

Both eclogites (eclogite-1 and -2) experienced four metamorphic events i.e. precursor
metamorphism (M1) of high-temperature amphibolite facies; high-pressure metamorphism (M2) of
the eclogite facies; and medium-pressure metamorphism (M3) of the epidote-amphibolite
facies. Some of eclogite-1 does not preserve the evidence of M3 metamorphism.

M1 event indicate an early and relatively high-temperature metamorphism before the
eclogitic metamorphism. Porphyroblastic garnets of eclogite-1 show a prograde zoning. The core
of the garnets contains polyphase and discrete grain inclusions of high TiO2 (up to 1.32%)
taramite, Fe-pargasite, tschermakite, aegirine-augite (Jd=13) + taramite + quartz, plagioclase
(An<19) + biotite + epidote. Those inclusions indicate relatively high-temperature
metamorphism of amphibolites facies conditions (M1).

M2 event with prograde and peak stages of metamorphism represents relatively high
pressure and low temperature metamorphism of the blueschist to eclogite facies, causing
continuous subduction resulted in cooling of the hangingwal after the initial early M1 event. The

prograde and peak stages of the high-pressure metamorphic event (M2) is characterized by cores



of glaucophane in barroisites and coexisting assemblage of rim of garnets, omphacite (Jd<46%),

phengite (6.51-7.11), barroisite, rutile and quartz, respectively. THERMOCALC (v.3.33)

calculations for the peak stage of eclogite yielded P-T conditions of 565 * 690C and 22.5 + 2.6

kbar. The retrograde stage of M2 is characterized by symplectite of sodic plagioclase (An=1-18)

+ amphibole * Na-poor clinopyroxene (Jd=2-25). These mineral assemblages give 450-560°C

and 4-11 kbar.

M3 event is represents medium pressure metamorphism. The M3 metamorphism is

characterized by prograde zoned amphiboles with winchite, actinolite, tremolite core and

barroisite rim. Large prograde zoned poikiloblastic barroisitic amphibole also developed in the

eclogite-2. They contain inclusions of garnet, omphacite and symplectite of amphibole +

clinopyroxene+sodic plagioclase suggesting that the amphiboles crystallized after the M2

metamorphism. The cores of the amphiboles indicate 300-400°C and 3-8 kbar, whereas the rims

indicate >400-6000C and 3-12 kbar.

Garnet-chloritoid schists consist mainly of garnet, chloritoid, phengite, chlorite and

quartz, with minor amounts of kyanite, rutile, and zircon. Prograde zoned garnet and associated

minerals suggest that garnet-chloritoid schists experienced pre-peak (500-510°C and 7-8 kbar)

and peak stages (560-590°C and 10-11 kbar) of medium-pressure metamorphism, corresponding

with M3 metamorphism of eclogites (-1 and -2).

The fourth metamorphic event (M4) defined in the amphibolized eclogites-1 can be

corresponding with metamorphism of the vein-type orthogneisses which suffered two

metamorphic events, i.e., first (M1) greenschist facies metamorphism (~380°C and 3 kbar),

second (M2) amphibolite facies metamorphism (~500°C and 4 kbar). The P-T conditions of peak



stages of M1 and M2 for vein-type orthogneiss correspond to geothermal gradients of ~35 °C/km

and ~30 °C/km, respectively. The peak temperature conditions of M2 event (~ 500 °C) for the

vein-type orthogneiss are lower than peak temperature of M4 metamorphic event of intruded

amphibolized eclogites-1 (550-640 °C) whereas the pressure conditions of vein-type orthogneiss

(4 kbar) correspond with peak pressure of M4 for amphibolized eclogites-1 (2-5 kbar). This

feature suggests that geothermal gradient of M4 metamorphic event of amphibolized eclogites-1

same as vein-type orthogneiss.

Trace elements of Ba, Ce, Nb, Sc, Sr, Y and Zr contents of eclogites are comparable with

MORB compositions. Major and trace element compositions of eclogites are comparable with

ophiolitic metabasalts of Khantaishir Formation. Khantaishir metabasalts are plotted in the field

of calc-alkaline series by AFM diagram.

We obtained K-Ar ages of c. 500-480 Ma from the vein-type orthogneiss intruded into

eclogite-1 as well as c. 500-460 Ma from the orthogneisses surrounding eclogite bodies. These

ages indicate that an exhumation ages of eclogite-1 and vein-type orthogneisses.

Based on the textural and geochronoligical evidence, after the exhumation of eclogite

blocks which were decoupled from subducted oceanic slab, eclogites were suffered by the

medium-pressure prograde collisional metamorphism (M3) together with garnet-chloritoid

schists. Metamorphosed orthogneisses intruding into and surrounding eclogite-1 suggest the M4

event of low-pressure metamorphism took place during the collision, and subsequent exhumation

at c. 500-460 Ma.

The P-T-t evolution of the Chandman metamorphic rocks reconstructs the entire tectonic

sequence from initiation of subduction (M1 and M2) to collision events (M3 and M4).
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