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Petrology and metamorphic p-T path of coesite-bearing pelitic schist from
southwestern Tianshan Mountains, Xinjiang

TIAN Zuo-lin"?, WEI Chun-jing® and ZHANG Ze-ming'
(1. Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China; 2. School of Earth
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Abstract: The high pressure (HP)-ultrahigh (UHP ) metamorphic belt of southwestern Tianshan Mountains in
Xinjiang mainly consists of pelitic-felsic schist that encloses lenses of eclogite, blueschist and ultramafic rock. The
coesite-bearing pelitic schist shows porphyroblasitic/diablastic texture and schistose structure, and its mineral as-
semblage consists mainly of garnet, phengite, albite, paragonite, glaucophane, barroisite and quartz together with
minor allanite, rutile and titanite. Coesite is included in garnet. The petrology and phase equilibrium modeling

indicate that the coesite-bearing pelitic schist has experienced three metamorphic stages. Stage | is the prograde

Yk HER: 2016 -01-05; #EZ HEA: 2016-02-19
HEEWB: HEAARRIEIE ST EILESTH (415020600 H EE -+ FERZ#RE 4 (2015M571085)
TEH RN HAEMKCI986 - O, B, DU, Wi+, M f 2 AT ST 78 TAE, E-mail: zuolin. tian@gmail. com.



266 = A O W ¥ i & $ 35

to pressure peak stage characterized by increase in both pressure and temperature, which is constrained by garnet
zoning from core to coesite-bearing domain. The p-T condition and mineral assemblage of the pressure peak are
estimated to be 500C, 2.9 GPa and garnet + glaucophane + jadeite + carpholite + lawsonite + rutile +
phengite + coesite, which is comparable with the occurrence of coesite. Stage Il is the post pressure peak de-
compression and heating to the temperature peak, which is constrained by garnet zoning from coesite-bearing do-
main to rim. The p-T condition and mineral assemblage of the temperature peak are estimated to be 560°C ,2.35
GPa and garnet + glaucophane + jadeite + lawsonite + rutile + phengite + quartz. The dehydration reac-
tion glaucophane + carpholite + lawsonite = garnet + jadeite + H,O releases ~45% of water bound in the
rock and leads to coesite transforming into quartz and carpholite disappearance. Stage [ll is the post temperature
peak isothermal decompression stage, which is constrained by the p-T condition of equilibrium assemblage albite
+ paragonite + barroisite + titanite(495~550C ,1.0~1.15 GPa). During the decompression, the dehydra-
tion reaction jadeite + lawsonite = glaucophane + paragragonite + H,O occurs at ~2.1 GPa, resulting in law-
sonite decomposition and paragonite appearance. At ~1.1~1.25 GPa, rutile is replaced by titanite, accompa-
nied by omphacite disappearance as well as the formation of albite and barroisite. The strong continuous dehy-
dration during stage Il is in great favor of re-equilibrium of mineral assemblage, which leads to most coesite at
pressure peak transforming into quartz. Only minor coesite is survived in garnet. The coesite-bearing pelitic
schist and its enclosing eclogite lens have experienced the same subduction and exhumation.

Key words: coesite; ultrahigh pressure; pelitic schist; phase equilibrium; southwestern Tianshan Mountains
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Fig. 1

Tectonic framework of the western part of the Chinese Tianshan Mountains(a) and schematic geological map of the

southwestern Tianshan HP-UHP belt, showing the distribution of sampling localities (b) (modified after Tian and Wei,» 2014)
fe S R R TSR BR BT A Li 552012205 #8 i HA A A7 B Li09—Lii 55 (2009), Wei09—Wei (20090, Yangl3—Yang % (2013),
Tian13-1 1 Tian13-2—Tian and Wei(2013), Tianl4—Tian and Wei(2014), Dul4-1 Al Dul4-2—Du 5#(2014¢); &R ATA A AL E S H Du

2:(2011,20140)F1 Li 55(2013)
The boundary of the HP and UHP units is cited from Lii ez al.(2012a); The localities of UHP rocks: Li09—Lii ez al. (2009), Wei09—Wei et
al. (2009), Yangl3—Yang et al. (2013), Tian13-1 and Tian13-2— Tian and Wei(2013); Tian14—Tian and Wei (2014); Dul4-1 and
Dul4-2—Du et al.(2014¢); The localities of lawsonite-bearing rocks are cited from Du et al. (2011, 2014b) and Li et al.(2013)
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Fig. 2 Microphotographs and Raman spectra of coesite-bearing pelitic schist
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a—garnet porphyroblast with inclusions of coesite and quartz in a matrix dominated by phengite; amphibole and quartz, the dark line representing
the position of analyzed compositional zoning shown in Fig. 3: b and c—coesite and rutile inclusions in garnet; d—diablastic albite with inclusions of
fine-grained phengite and glaucophane defining foliation in accordance with that defined by matrix minerals; medium-grained paragonite crosscuting
the foliation; e—glaucophane with the rim replaced by Na-Ca hornblende; {—box-shaped multi-phase inclusions of epidote + paragonite + quartz in

garnet, interpreted as lawsonite pseudomorph; g and h—Raman spectra for coesite inclusions in garnet
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Fig. 3 Zoning profiles of garnet from the coesite-bearing
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Table 1 Selected microprobe analyses for coesite-bearing pelitic schist from southwestern Tianshan Mountains
Grt-R Grt-NC Grt-C Grt-NC Grt-R Phg Phg Gln Hbl Ab Pg
SiO, 37.77 36.96 37.14 36.98 37.55 51.39 53.10 56.54 51.38 68.72 47.67
TiO, 0.02 0.04 0.02 0.00 0.05 0.23 0.12 0.07 0.17 0.00 0.02
ALO; 21.70 21.47 21.10 21.58 20.72 27.57 24.28 12.03 9.13 18.97 39.28
Cr, 05 0.01 0.00 0.00 0.00 0.06 0.09 0.10 0.01 0.00 0.02 0.02
FeO 30.24 34.89 34.28 35.19 31.92 1.77 2.21 12.94 12.90 0.05 0.23
MnO 0.34 1.90 2.94 1.32 0.40 0.00 0.02 0.08 0.06 0.02 0.05
MgO 3.15 2.08 1.79 2.17 3.15 3.16 3.87 7.34 11.55 0.02 0.13
CaO 6.77 2.25 2.45 2.51 6.03 0.12 0.03 0.73 8.53 0.12 0.29
Na,O 0.04 0.03 0.08 0.07 0.05 0.74 0.28 6.80 3.41 11.70 7.47
K,O 0.01 0.00 0.03 0.01 0.00 10.06 10.71 0.05 0.20 0.00 0.54
O 12 12 12 12 12 11 11 23 23 8 11
Si 2.99 2.99 3.01 2.99 2.99 3.42 3.56 7.94 7.40 3.01 3.03
Ti 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.02 0.00 0.00
Al 2.03 2.05 2.02 2.05 1.95 2.16 1.92 1.99 1.55 0.98 2.94
Cr 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00
Fe' 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00
Fe?t 2.00 2.36 2.32 2.38 2.07 0.10 0.12 1.52 1.55 0.00 0.01
Mn 0.02 0.13 0.20 0.09 0.03 0.00 0.00 0.01 0.01 0.00 0.00
Mg 0.37 0.25 0.22 0.26 0.37 0.31 0.39 1.54 2.48 0.00 0.01
Ca 0.57 0.20 0.21 0.22 0.52 0.01 0.00 0.11 1.32 0.01 0.02
Na 0.01 0.01 0.01 0.01 0.01 0.10 0.04 1.85 0.95 0.99 0.92
K 0.00 0.00 0.00 0.00 0.00 0.85 0.92 0.01 0.04 0.00 0.04
Xprp 0.13 0.09 0.07 0.09 0.13
X 0.19 0.07 0.07 0.07 0.17
R—IA#E; NC—HETAT A58 C—H%i .
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Fig. 4 p-T pseudosection for coesite-bearing pelitic schist calculated in the NCKMnFMASHTO system
(+ Phg + Coe/ Qtz + H,O)
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Yo, PR K. BB BRI A L0 A R BEAR [A
IR A L A5 p-T AL T B Je v R A
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BLSUE I e 45 A o FEAT AR AT 1 53 P B 1 il 5
FEI PN (490 ~ 560C ), ZHEA =B S & &8 (3,42 ~
3.56) B E IR 1 45410 2.4~2.9 GPa, %W &1 Si
(1) 2 6k (1 2= BRI S 7 s TR 2 SR T A A
Si R 2 RE 2 BEA] B 78 s I Vg3 S (0 L B
JE 3 A P L R A3 R A T VT A N T

WL RE VIR 2 S5 R THEIU I A J 8 T 1 e S
YA A Pg+ Ab+ Hbl + Ttn + Qtz & 5€ il k45 1F
(495~550°C~1.0~1.15 GPO#iE . A AE AT p-
T ke T, o e e SR 5 Gre+ Gln+ Jd +
Lws+ Rt+ Phg + Qtz + H,O ik, p-T Pl 51
ARG S EH LT TAT, AR T0 WA G i, B
T W I Y A S AR AF (Guiraud et al . »
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WK Y Jd+ Lws = Gln + Pg + H, O, BT A W A A1
AR R, M B . BL)E, A A RS ET Al
% Grt+ Gln + Jd/Omp + Pg + Rt + Phg + Qtz + H,O
IR T, p-T BB DIRIK S ST s SR, A A
RO AE KR RARZS s R T %l R4 R 4 & 1 IR
o M JJBEACE] 1.25 GPa B, 4 21 41 4 A A1 B
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P R LR e S Y T A IV T ) AL — B (Wei
et al.>» 2009; Yang et al., 2013; Du et al.>
2014¢), H s J7 U8 ) 4% A1 B AR T 5 AT BR o 110 U 4
RS54 (510 ~570C ~2.9~3.2 GPas Wei et al .
2009; Yang et al.> 20135 Du et al., 2014c). AHLL
M5 A% S B (1 s 0 08 391 5 78 g R oL vy s A
T 11 s Ve T B A b A — S0l s 4 1 (I S, L
et al.» 2009; Tian and Wei, 2013, 2014). BtAb, i
RIS SE it B 7 (188 v e A0 IR p-T Bk ¥
ESCT — A AR FE ~5.5C /km, 55 V5T
A £ Hb A6 A AL Peacocks 1993«

(20 JE 7V 2 I (0 i 14 T 2 9 38 0 300 o B
CT0 D B A A 5 ) X s 380 30 350 %) B2 B A o2
HASJT p-T S RFAE b il JE T v Fe 7 BA T PR a2
(3 JE 0 B 4% 144 K9 560°C ~2.35 GPas 14L& 4
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2145 % 7K, 5 BRI AT e A8 O 0, AR A
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Fig. 5 A comparison of the p-T paths between UHP
eclogite and pelitic-felsic schist in the southwestern Tianshan
Mountains
P e i 2 1 R 28 4 ol A3 88 v TR ARV 6 R BT ) 5 1) p-T W6
I, p-T BB bR 5 B 1 AH R A8 FAHZ A PR 51 B Liou
FE(2004), TPl A7 98/ 47 9L A2 F 2 THERMOCALC 7 5
Lws EC: AR M EpEC: 447 A M4 Ml Amp EC:
NS BS: WA A EA: &KW MG AM: MK
EAR: HGR: R RRRLE AR
The dashed and dot-dashed lines represent the p-T paths of UHP
eclogites and pelitic schists, respectively. The labels of p-T paths are
the same as those in Fig. 1. The metamorphic facies” boundaries are
cited from Liou et al. (2004) except for the transition line between
coesite and quartz that is calculated by THERMOCALC. Lws-EC:
lawsonite-eclogite facies; Ep-EC: epidote-eclogite facies; Amp-EC:
amphibole-eclogite facies; BS: blueschist facies; EA: epidote-amphi-
bolite facies; AM: amphibolite facies; HGR: high-pressure granulite

facies

2R, REAT A DR S AT, R 0 W T 1) 22 7k 11 < Bk
53 VT Be AR B B Rk T R A, RIS d = Si
TEMEA IR A I 5 T
WEEHs p-T SUBAE g R LB & s s A T A
ZAIECE 55 Lii ez al . » 2009; Tian and Wei, 2013,
2014; Du et al.» 2014c), HRH Du 552014 iE
Rk e B e p-T WA EE il sk 73X — ik f,
A 27 2 4 P v s e B 5 I R sk X — A8 it
BB B (S, Wei et al.» 2009; Yang et al.»
2013). AHLGT 5, A SCHT B ()36 B g 3 5 2 408
e s AR PR FEE Ve 3 — B30I 5 Lii09 - Tian 3 -
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2. Tianl4 F1 Dul4 2D, JC3 B 4% A% T30 25 5
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HCE 5 o Wei09 1 Yangl3).
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2009; Tian and Weir 2013, 2014
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