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Petrographic features and metamorphic evolution of pumpellyite-bearing eclogite
in Uzkaya Salma area of the Belomorian mobile belt, Russia

QI Yun-fei, ZHANG Li-fei and YU Huang-lu
(Key Laboratory of Orogenic Belts and Crustal Evolution, Ministry of Education, School of Earth and Space Sciences,
Peking University, Beijing 100871, China)

Abstract: The pumpellyite in the eclogites from Uzkaya Salma area of the Belomorian mobile belt, Russia, was
formed at the pre-eclogite stage under the condition of sub-greenschist facies. Pumpellyite occurs as inclusions in
garnet porphyroblasts and is associated with titanite, rutile, clinopyroxene, chlorite, epidote and quartz. In ad-
dition, rare granulous pumpellyite occurs as isolated inclusions in the matrix diopside. According to the composi-
tion features of pumpellyite, pumpellyite mostly belongs to pumpellyite-(Al) and rarely belongs to pumpelltie-
(Fe). According to the petrographic features and the calculation of phase equilibrium and mineral geothermo-

barometers, the authors divide the metamorphic evolution of pumpellyite-bearing eclogite into four stages: Stage
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I, which is the pre-peak prograde metamorphic stage characterized by pumpellyite, chlorite, epidote, quartz
inclusions within the garnet porphyroblasts, with p-T conditions being ¢ =160~320C, »=0.2~0.8 GPa ac-
cording to the stable field of mineral assemblages of pumpellyite + chlorite + quartz and pumpellyite-(Fe) +
epidote, based on experimental petrologic study. Stage Il , the peak eclogite-facies metamorphic stage, which is
characterized by the mineral assemblage of garnet + omphacite (the symplectite of diopside and plagioclase) +
rutile + hornblende + quartz; the isopleths in garnet core and the Jd isopleths in omphacite reflect the meta-
morphic peak condition of 725~740C at 1.4~1.5 GPa for the rock. Stage [l , during which the initial decom-
pressional retrogression began at the high granulite-facies stage characterized by garnet + diopside + hornblende
+ plagioclase + quartz; the garnet-clinopyroxene thermometer and An isopleths in plagioclase indicate that the
p-T conditions ¢t =725~750C and p=1.1~1.3 GPa. Stage IV, which is late retrogression under the condi-
tion of amphibolites-facies and is characterized by the mineral assemblage of hornblende + plagioclase * biotite +
quartz, with p-T conditions £ =670~700C and p =0.7~0.9 GPa according to the calculation of phase equi-
librium and hornblende-plagioclase thermometer. In conclusion, the pumpellyite-bearing eclogite in Uzkaya
Salma area of the Belomorian mobile belt, Russia, shows a clockwise p-T path and the corresponding geothermal
gradient in the peak eclogite-facies metamorphic stage is 15C /km. The initial pre-eclogite metamorphic evolu-
tion began under the condition of pumpellyite-epidote facies during subduction. The pumpellyite-bearing eclogite
is characterized by isothermal decompression from the peak eclogite-facics to the high granulite-facies. The re-
sults obtained by the authors show that “cold” subduction of the plate might have occurred at the early stage of
the evolution of the earth during Archean.

Key words: pumpellyite-bearing eclogite; petrographic features; metamorphic evolution; Uzkaya Salma area;
Belomorian mobile belt
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Fig. 1 Tectonic location (a), geological scheme of eclogite province in the Belomorian mobile belt (b), Uzkaya Salma eclogite

complex with partial cross-section scheme and sampling sites (¢) (modified after Li Xiaoli e a/.,» 2013 and Mints et al.» 2010a, 2014)
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Fig. 2 Optical and electron microphotographs of textures in pumpellyite-bearing eclogite from Uzkaya Salma area
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a—Cpx + Pl symplectite, a xenomorphic garnet (Grt) crystal with a plagioclase (PD) corona; b—subhedral garnet, the white solid line A—B shows

the location of the zoning profile shown in Fig. 3d: ¢—optical micrograph (plainlight) of pumpellyite (Pump) inclusion in Di and scapolite (Scap):

d—optical micrograph (crossed nicols) of pumpellyite inclusion in Dis e, g—BSE images showing the xenomorphic garnet crystal with pumpellyite

and other mineral inclusions, the white solid lines A—B show the locations of the zoning profile shown in Fig. 3a, 3¢, respectively, the white rect-

angles showing the locations of the BSE images in Fig. 2f, 2h, respectively; f—pumpellyite with chlorite (Chl), epidote (Ep) and quartz (Qtz);

h—pumpellyite with clinopyroxene (Cpx), rutile (Rt), sphene (Sph) and quartz
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Fig. 3 Zoning profiles and composition contrast for garnets in pumpellyite-bearing eclogite from Uzkaya Salma area
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The composition of garnet for Kuru-Vaara quarry and Gridino cited after Shchipansky ez al.» 2012 and Volodichev et al ., 2004,

Travin et al.» 2009, respectively
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Fig. 4 Representative electron microprobe mineral analyses of pumpellyite-bearing eclogite from Uzkaya Salma area
(modified after Coombs et al.> 1976; KS-11 data after Konilov et a/.» 2011)
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Fig. 5 p-T pseudosection for the pumpellyite-bearing eclogite (sample US-18) from Uzkaya Salma(sce text for details)
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a—p-T path for the metamorphic evolution of the pumpellyite-bearing eclogite; Pump + Chl + Qtz—the stable field of pumpellyite + chlorite +

quartz (Frey et al. » 1991); ZE—zeolite facies; PP—prehnite pumpellyite facies; BS—blueschist facies; GS—greenschist facies; EA—epidote

amphibolite facies; AM—amphibolite facies; GR—granulite facies; HGR—high granulite facies; EC—eclogite facies
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