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Limitations of Traditional Thermobarometer in Applications to Low-Temperature
Eclogites: A Case Study of UHP Metamorphic Belt in Southwest Tianshan
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Abstract: The temperature and pressure of eclogite facies metamorphic rocks are very important to understand the formation
and evolution of HP-UHP metamorphic belt. However, the pressures calculated by the traditional thermobarometer that
involves omphacite are generally lower than those of the phase equilibrium modeling, for eclogites from the UHP metamorphic
belt of the Southwest Tianshan. Petrographic and mineral chemical analyses on omphacite in eclogites and HP veins are conduc-
ted, inspired by the study of Zhang et al.(2017). The results show that the omphacite is typically zoned. From core to rim.
Fe’" content continuously decreases, and Al content increases in response; the decrease in Fe'" /Al ratio corresponds to a gen-
eral decline in the aegirine content and increase in the jadeite content. Phase equilibrium modeling shows that the omphacite rim
with the highest jadeite content grew during decompression after the pressure peak. Thus, the maximum in jadeite component
does not necessarily represents peak pressure, and the conventional thermobarometers should be used with caution. especially
for the low-temperature assemblages with complicated zonation patterns.
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Fig.1 Summary of P-T paths (solid curves) and P-T con-
ditions (shaded squares) derived from eclogites from
the Southwest Tianshan UHP belt
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Fig.2 BSE photographs of omphacite zonations in eclogites and HP veins
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A1 RE T B o 5 S T S M A A R R R A Y
R 3 R S A T R A B & R L SR AR S A
FEH 25 BE v () S M A B0 R 7 o 5 3 T ARV A T
AR S A R D).

e s T A v S A B 5 AR T Y S A B
Sy ARl LA B A 2 g O A P e e (3R
1)t F S o 8 2 0 A R R B R 43 BRI A
HB121-8v([& 2b) F1 HB121-13v( &l 20) 1Y 75 it &
B RBEA IR BB — ¢ BB RIK 6, 315
W22 [ I8 — M RK 5, B 203158 Fe' ' %
HREAL, AL SR, 5 A 5 (Ae) AR B | & &
B TF 5. FE S HB121-13v Ik s v 43 0 13 4% 38
IC5% T8 BB T A B (R 26) X i T e A

2d) \HB121-21v([® 2h) 1 HB123-5v (& 2j) i) 4
WA TR B EH B E LA ANAKRE .
R © AN B S, E DA A 3B 31 300 3 S AR AT 2 B A
T DA TR R

3 HOMEAIE R AR E L

Zhang et al.(2016) H (1% A1 - 1 6 5% F 5 AH 2%
WA R A 2 D T R AR AR e g 0
HH 4514/ 29~32 kbar.480~540 °C ; f J5 F& & 7+ IR
5 B 9 BE W 3] 254k 560 ~590 °C L 24~27 kbar. 5 JE
O AR T 4 DA Sy 2 A AR 25 4 T AT 3R sk AR v e A AT A
JIE K AE IR B0 o S P Bt A i BT R B0H il T 2% A
9 19~21 kbar,570~590 °C.[a] i} , 4 2147 FIAE A7 (1
Zr W BT R W RO A AR 0 e Y A 4L
AR A K TR J7 0 1B B, R A R 480 ~
540 °C ,27~30 kbar; K& 5T 4> 21 47 B if J3 19 ik )R
S5 A 0 sk R R W B By 2% A, ~ 530 ~
590 °C .24~27 kbar; M 5 He IR AA (%) 4 20 4 )
AR TR AR o R M e A B B 7R 15~ 21 kbar JE )
KR &4 A Ze BB HEE R R 540~580 C,
0o T3 AR R Y O R 5 RRORE A b Al a0y 4
LA BB TR AE Y 10 kbar 28 47 3K 25 i L 4
A Zr IR BEE R 540~560 °C L Tk
— 2 B 3T A R W e AR IR R 4 RSk 57 KL 2016).

RITE Zhang et al.(2016) FH 3 7 45 101 a6 L il
EBINT SRR o) (= T 455 A A5 HE Lk
(B O FEEFHART YHE (Grt+Gln+ Omp+
Lws) 05 4 j(o) S EL LT 5 4 1A 1B E
A EE LT, FEAZ IR T R T BE IR B T
T 305 30 I e TR IR L3 L 5 Co) AN T 185 . i 7 &5 &%
WA WHE (Grt+Gln+Omp+Ep+Pg) ., 4
WEAT 5 Co) S5 (B e U] 5 A0 AR A0 405 BR AR A0 RN BEE S0 1R A1 5
(B 2 ELA ALY L4, 32 T BE R0 R ) 9 % A [m] 45 5
B T P8 R (B8O s g B AR AR T ARG s W B R 38 4 5 (o)
AN W7 B AR

4 he
WL AN EA B Mg/ (Mg+Fe ) I 6

T8 A 2080 B o RN HAT e v B R Y SRR A R A
P28 Y 454 (Ravna, 2000; Ravna and Terry,
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NCKMnFMASHO(+ Ph +H20 +Qz/Coe)
(a)/‘j}%;—,éﬁﬁ ‘ Grt Omp Lwﬁi\
S
................ 5 grl

Grt GIn\Omp Lws Tle ,‘

P(GPa)

N

., Grt Gln Omp Ep'ehl
2 .,

Sy =, e

Pg Amp
mh?’g"f’-ﬁ‘.g_?\

A e ; G20 Gt Omp Ep Amp'®l
1.0 ht L . 2 i T Omp Ep Amp PIBC™.
450 500 550 600
7(¢C)
(D Grt Gln Omp Pg Ky (2 Grt Gln Omp Lws EpKy (3 Grt GIn Omp Ep Ky

@ Grt Gln Omp Ep PgKy () Grt Gln Omp Lws Pg Ky

(® Grt Gln Omp Ky

4 HAA G AR AR HB121-10 P-T #0 K & NG M A (o) F Lk
Fig.4 P-T pseudosection calculated for coesite pseudomorph bearing eclogite HB121-10 contoured with j(o) isopleths
EMEEL A Zhang et al.(2016) sa. LA &2 80 P-T L0 B 5 b, LA 202 A B HEE) P-T P m & s B j(o) =1 & + 55 A . LIS (@R
SRR BUE N jA7-558. B v B Dy AE LT AR BU(E R BE i HB121-10 w356 55 S0 A S04 5 48 60 05 HE BT A 5018l ok A4 S 4 4 1) SIS 7 9 7
5 Gln. N ;s Lws A ; Tle 3§ £ ; Coe ] A 35 Ep. 2045 41 ; Ky 5 i A1 ChL & e A s PLAHK 4 B B = K Ay W T 5 1R -

2004) SR A ) 1 43 A7 2R WL B v R B R Y
RN FRAEWE N B K (B DT
VU R R RN G AR e 2 5 A — B
R R T A R, R SO A1) (o) L
(51.4~56.3) Fifi i K2 A9 35 0 ity 38 i (&1 40 TR Ik Sk
FARDRE S v LA S e B R A3 I SN A L SR TR
JEBT B A= 1 IR B AR 38 e 7 0 0. Ik A4k v i)
AR B R R o P HKAR 28 M 1 57 55 1
P SRR A o A AL, BRSO SR A B B
Sk 58 B 5 v R VA PR i e 1 Xt 5 kA
KB TR R B B g S A A A (B L HL ik
A 110 e A DA 300 300 0658 6 5 B TH T8 O AR B A
O R AR A B L 1 — 2 U I KA D] B
JIFE 20 kbar /£ 45 (Zhang et al., 2016).

e e =R U Sl D VAl 8- DA R O s

BT RHS A 0 5 ) i (Ab = Jd + Q; Holland,
1980; Ghent ez al., 1988).7E % A MK A 1 ¥ 41
A, A [ v Di -+ Mus = Grs + Pyr+ Cel #f F1E
& 13t (Ravna and Terry, 2004). 815 3 % = 1 &
IME T R SR A s’ RS e
Si i) G R AT Di & i CH SR £ R AIRAY Di
D) AR Di % N N T RO A R s
B Jd & & (Ravna and Terry, 2004). 10 54 11 11
HESERE D 4R Na/Ca 38 #e[j (cpx) M
Fe'" /AL &4 f (epx) ], Fe'' /(Fe'" +AD Wl R
I ZZ P-T 2 AR 4 L 52 42 0 i RN ) 21 & 45
il (Zhang et al., 2017). R, fi e A B 55 B0 B0
RHFE A1 AN BE 3 XTI T e D I T A AL I A
T VA ROV S B RV A7 300 70 S W A s 1) B R
FEA 2 W I W) A 5 o T o B AR M Ay 8 A o U
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A3 %

WH YHE (Zhang et al., 2017) ; F- 40 A% 38 38 A%
W v o8 A Y 0 3 B A e v A BE R L (H SR S
FHRELERER B AR (8 ORI A SR AR
A—gEA(— 2R RETHEHEA —
SE SR

"o ARAO —gEA(— 2 st REIT
8 B 1 ™ AR T PR R A Fe' T L LR
TER IR 45 1 (Carswell and Zhang, 1999; Ravna
and Terry, 2004; Powell and Holland, 2008; 8%
SCAE, 2009) AR WF 58 N BUAR XE T L AR B AR
KA Fe* /Fe' BUHL{H (Sobolev er al., 1999;
Schmid et al., 2003; Proyer et al., 2004; Li et
al. 2005).%F T & 541 09 BRHE A1, Fe® /Fe’ LfH
AN UER A S BE P-T 115 I 1 AR KA 58 22 40
B, AL I LAy i A B0 PO T AU A
WA B BDA] AR R AR A 2 i = B L
JLFAZ 4 Fe'o /Fe" 6. A 1 A 1 1L
IIAT R AR 2R Stk SR EER
¥ FJE 7)1 (Zhang et al., 2017).

5 Fe-Mg S8 #e i BE 12 1E 600~1 500 CF
3 g T S I T A B 1Y BT DI IR A HE A T
27— B iR 2 (Powell and Holland, 2008).
17 PG R R L B AR R e 2 O AR L RO L BN T
600 °C (Li et al., 2015; Tan et al., 2017), fr LA H:
X P R K LA S ] BE O AN & L T EL T A A
WOME ok vl IE Gl AR B P-T &4
HEL AT AL T R A 2 A 45 R (Wei and
Clarke, 2011).

5 = A% S0 b BT R T % 0 e 5 A e A
W& SR MAEARIR A A b 8 Y k& TR B A
W RS- 0 W0 20 5 T RE S 0 W AR KBRS
NP BT (B0 18 28 o B3 Fr i 55, ME UL X 4 (Fary-
ad and Chakraborty, 2005; Powell and Holland,
20085 Wei et al., 2009) FEARI & A . A8 41
ROEAT AN A1 S50 AR 3 1O B 00 B LAY
AN 3ek 2 AF 27 43 AT AR E ] W A (] A ) A [] By 22 (]
AR~ 5C 2R AR AR T P R K L AR A A B
e S 1 SRV A T AN R ST W TR A
b A A A B T I S0 A RS Ak 3 1 i e R
BT P b 0 A B 2% 1 T LA R — A Y
A [ 5B 2 32 s HORE 1 3K A ) 8

S5 D L 7R B A A RRE IR R TR — B e T R R
AT AR A S A O 2 ) F A TR AR
WA 20 530 o R B BB T 0 10 i B R AT,

B BRI, R R S A R 4L R AL TR
FE O A WAL A R A b Sl T A R A 2 R
B A — A — 2R E =B (GCP) R T 3145
AR JE AR B St 5 b, ZHE O = B AR
1% s GCP % 48 S 1 X 41 48 A1 B 43 1) 5 T s 2 7 G
B 555 ,2009).

I A 455 18 45 30 1) 308 2% 17 3 4K A -
EEADLA: 380 4 Tk i 4% A28 33 A g 22 XoF % B AT A AR
R AER R (BF5t5E,2009; Wei and Clarke,
2010) AH G 5 A0 T R 0 T AR A 4
I A B (N M IR R B A B 1 L g T
PLgG o — 30 P-T PRI B (8 A5 10 2 00 2 LA
T8 L 3 B A ok BT ) 25 500 L ) T R A
FIDGASE A % 4 5 R 22 T A 17 Ak T -5 B0 1% 25 5 i A%
B0 3 R TR 38 i B A B S 56 B LA A AT
DATE J 3 1 350 4 i X 26958 2%

5 i

VG R R LL R R 2 T L v e ok A v i) S A ik
KB Y IR L S 1 A B I £ i % 1 30
Fe' W S AW AT, AL & &t AW i, Fe' /AL Lk
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