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Genetic mineralogy and metamorphic evolution of metasedimentary rocks in
Gasa area, middle-north segment of Ailao Mountain metamorphic
complex belt
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Abstract: Meta-sedimentary rocks comprising sillimanite-garnet-biotite gneisses and mica schist are cropped out
in the middle-north segment of Ailao Mountain metamorphic complex belt. Petrographic observation reveals that
the sillimanite-garnet-biotite gneisses experienced amphibolite-granulite facies metamorphism and subsequent ret-
rogressive superimposition. Traditional thermobarometry (GB-GASP) was applied to constraining p-T condi-
tions of the mineral assemblage at each metamorphic stage. The mineral assemblage of the peak stage (M) is
characterized by Grt + Sil; + Bt; + Kfs+ Pl + Qtz + Ilm, recording p-T conditions of 690~750C and 690 ~810
MPa. The near-isothermal decompressional stage (M, ) is distinguished by the directional alignment of all meta-
morphic minerals, with typical dehydration reaction being 2 Bt—Sil+ 6 (Mg, Fe)O+ K,O+ 5 Qtz+2 H,0,
and mineral assemblage is characterized by Grt + Sil, + Bt, + Kfs+ Pl + Qtz+ Ilm, formed under p-T conditions
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of 650~720C and 450 ~630 MPa. The mineral assemblage of the retrograde stage (Mj3) is composed of Bt +
Ms+ Qtz+ Pl, suggesting p-T conditions of 580 ~640C and 400 ~ 500 MPa. The metamorphic evolution is

characterized by an isothermal decompressional clockwise p-T path, revealing a subduction and continent-conti-

nent collision process between Indian and Yangtze blocks, following a tectonic exhumation accompanied by high

temperature strike-slip shearing and biotite dehydration-melting.
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Fig. 1

Tectonic subdivision of Sanjiang region, southeastern Tibetan Plateau (a, after Deng et al. » 2014a) and simplified geo-

logical map of the middle-north segment of the Ailao Mountain (b, modified after 1:200 000 Geological Map of Xinping and Mo-
jiang Sheet®)
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Fig. 3 Field outcrop photographs of meta-sedimentary rocks in Gasa area
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a—euhedral garnet uniformly distributed in the sillimanite-garnet-biotite gneiss; b—oriented lenticular garnet in the strongly deformed

sillimanite-garnet biotite gneiss; ¢—crenulation cleavage developed in two-mica schist; d—many leucosomes developed in the two-mica schist
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Fig. 4 Microphotographs showing typical mineral assemblages and micro-textures of the meta-sedimentary rocks in Gasa area
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a—sillimanite budinages related to shearing in sillimanite-garnet-biotite gneiss, crossed nicols; b—columnar sillimanite surrounded by hairy silliman-
ite; crossed nicols; ¢, d—lenticular garnets surrounded by needle cylindrical sillimanite in strongly deformed sillimanite-garnet-biotite gneiss, plain-

light; e, f—oriented muscovites and biotites intergrowth together in two-mica schist, plainlight and crossed nicols respectively; Grt—garnet:

Sil—sillimanite; Bt—biotite; Qtz—quartz; Pl—plagioclase; Kfs—K-feldspar; Ms—muscovite
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Fig. 5 DBack-scattered electric images of typical meta-sediment samples in Gasa area, showing typical mineral
assemblages, and inclusions in garnet
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a—columnar sillimanites and fine grained garnets in gneiss; b—quartz, biotite and ilmnite as inclusions preserved in euhedral garnet; c—many min-
erals included in euhedral garnet; d—quartz + biotite + rutile + monazite + aptite + ilmnite as inclusions preserved in euhedral garnet (an enlarged im-
age of dotted line box in Fig. ¢ ) e f—needle sillimanite and subhedral garnet developed in strongly deformed sillimanite-garnet-biotite gneisses:

Mnz—monazite; Ap—apatite; Rt—rutile
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3 FeO' (FeO + Fe,05) & &= (J & 7 50O A
30.53% ~32.43%, MgO %N 6.48% ~7.27%
CaOT N 1.28% ~1.93%, MnO 754 0.84%
~1.12%. A AL FeO &8N 31.73% ~
32.63% > MgO &} 5.94% ~6.63%, CaO &N
1.11% ~1.60% > MnO 8K 1.07% ~1.16% - £
A R 38 1 23 v Bk B R o 13 A 53 CPEOR 2 B0 Ry
64 % ~ 68 % » BEER AR 26 % ~28 % » A1 A A7 T Ik
Sy R A AL R 67 % ~T73% . BEEERE A R
23% ~26 % » PR A O 12 S 1 2 N A
3% ~5% BRI ATR 2% ~3%

SRR B A7 2 A R B s KR R A (15G47-8-
15G47-O P A R A B ) FeOT 2 &4 31.89% ~
33.46% > MgO Tt} 4.72% ~5.06 % » A1 1 A1 1238
1) FeOT & mAZ MG /N R 32.41% ~33.90% » MgO
TN 3.42% ~4.79% « A A R T ST R I
AT AR A A% 8 81 3 0 A6 B R A A1 93 8 3 R AEG T A
AT 100 RS A0 AR A A 2y B A B, R R AR A 4 2y B
B ETHCE 6), X(FOMEIFS T /(Fet + Mgt ) x100]
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K6 MmEBLYLARE D KRS 15G47-6 1A RA B A5 1
Fig. 6 Composition zoning of the garnet from Grt-Sil-Bt gneiss 15G47-6 in Gasa area
a— AR AT AR CRR ), 26 AB AR 6b sl AL B s b—FrMiA7 d3 3 i
a—microphotograph of garnet, the solid line AB representing the profile position, plainlight; b——composition profile of garnet in

mole fractions % corresponding to (a) X(Fe)=Fe?" /(F?* + Mg®" ) in %
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Prp-(Alm + Sps)- Grs Elfi#
Fig. 7 Prp—(Alm+ Sps)— Grs diagram of

garnet {rom Sil-Grt-Bt gneiss in Gasa area

CAlm) + H SRR AT (Spes) i 03 4150 ALK 76 %
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AR WK 3.

A &AR R m KRS (15G44-2415G44-5)
P B A M A RSB FO" &N
15.90% ~ 17.04%, MgO & = A 11.01% ~
11.75%, TiO, TN 4.65% ~5.76% ; 11 24 2= BE
Mg * H AR N A 0.54~0.57.
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17.08% > MgO T 84 9.92% ~ 12.63% » TiO, 7 it
9 1.58% ~3.80% s 11 5 A1 A A7 AHFL A 1) 28 2= BT
FeO! ¥ & 4 17.10% ~ 19.59%, MgO & & N
8.77% ~9.20% , TiO, TN 1.83% ~3.28% . il
MM 5 O =B r) R S BER) FeOl & &4
19.91% > MgO & H 9.06% , TiO, T H N 4.15% -

AR AUSGI- D R A B O SR
o, 2 5 AR B R, o B BRI Mg® A4k
BANHK 0.46 ~0.50, FeOl & AT 17.34% ~
19.93%,MgO & #A 8.78% ~9.61%, TiO, 7 &
H1.92% ~3.36% -

X T EAZREGR 4), AR A A B = =K
JORRE R T AR A R AR 2 A A s B s S
SiO, T EA T 45.87% ~ 45.99%, ALO; T HE N
34.33% ~ 36.05%, K,O & &= & 10.20% ~
10.61%;: — B AT A s bR E 5 5 R A B
fili 15 R A Bl 1) s BE, 5 R Rl A B
1 SO, & EA T 45.04% ~46.31%, ALO; F N
33.98% ~ 35.38% Z I, K,O & & 4 9.88% ~
10.54%, 5K A # M1 A = B SO, SN T
44.82% ~ 46.14%, ALO; & & N 33.58% —
35.39% 211, K,O &% &4 9.89% ~10.62% o

MABETi- Fe/(Fe+ Mg) LA TiO, - Mg™ (K
8a-8b) E M 7, & £k A B o K R Ak i R
RSN AR S KA RRE R SR
FEEAEE SR T E. BB Ti- Fe/(Fe +
Mg) AT 57 2 BH 5 A48 ot . a2 b BR Bk 1) L
K, X 5T S G P W52 21 2 2 BEAR 4% Ok
B 50 0 5m By Y H R R ) 4
LA BE L KA MAE(15G47-8) 44N B~ B)
TiO, — Mg™ BT 7T e I AL 5 45 A R A 938 28 5
H DL SR 1 A B2 i 1) BB = BRI THO, 2 B AR IR %
I, HPIME 008 3.65.3.33 F112.04.

3.2.3 Kfa

A LR = R KA (15G44-2) RS A
MR- KA GRS, b A An
T 28~30, Ab fETE 68~ 70 Z[i], #4148 41 £ 28 Al
550 R A A 2 i ) K A R D IS — R SR
A Z P RHC A An 529 39, Ab {4 60, —
A RA R R AT An {520 28, Ab {4 71,

SREY V)R A AR R A TP R A
Z g T AT KA, Horp SR i B R A AR
KA An HR A —, 8 28~30, Ab {H 4 69~70,

WA A AT AR A An {0 41 ~49, Ab
fEH 4 49 ~ 56K 9).

bR AT RHKA An BN 1620, Ab
fHH 79~83. CHARTEOA AR E R KA T
B AT A 27 0y 22 S B/, b SIO, A
62.46% —~ 63.79%, ALO; % & N 22.03% —~
23.12%

4 AR g s vH AR AL

4.1 TREREITE

ARG G 2 B GRASTE ) &7 26 41 K 2 =
TARPRRE, F A E R A s A 2, fe
R WA KA i s 5 N (R ) AR 3 AR Ok &R
HEARE R K RAE T WA G F 2N A
WA+ 80+ Babh+ a5+ /KA + KA.
AATETYNEREETENS TSN ARMA-E S
BEH) Fe?t = Mg A8 #e, HUORL 88 KA R A (> 1
ronen) TS 50 PR A8 K 1) B 2 BEAE AR Z 1) 4% A

N R] LR B A7 DR 5 A 452 R R 4 e 4y, DALt
TEHUIE & AR YU 1 A R A — o BE AR il T
(GB)(Holdaway, 2000)F15 7547 vh 2 P41 & 1%
IR A - &7 20 - R A - 95 R )7 (GASPD,
TR YR S5 W2 (20070 B 38 F 128 Ve i R
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(Holdaway, 2000)3EA7T i B H1H 7 Bk 5
4.1.1 WEHIAS R BE (M)

W AR T B (ML) 20 ) A5 AR A7 25
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PO FEAEAR W o B IR & e R A T A R
Fio WA LA AR E SO RS ALK E
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B ke A CI 10D, 3X 38 43 5 R A AN U i 3
AR IR B o SR J5 3R AT M B B IR AR o il FE
F& 353 32 690 ~750°C 690 ~ 810 MPa-

4.1.2 5L Al B D) AR TR M Be (ML)

X RAFRAIBPIHEA T L AR s K
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Fig. 8 Chemical characteristics of biotite from meta-sediment rocks in Gasa area
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Fig. 10 Metamorphic p-T conditions and evolutional path of meta-sedimentary rocks in Gasa area (classification of
metamorphic facies after Liou et al.» 1998, 2004; Okamoto and Maruyama, 1999)
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Table 6 p-T estimations by muscovite-biotite geothermometer

=t W45 &R/ GPa /T VYR /C R URED/GPa HIE/TC V- /C
11-1.2 630 600
11-1.4 630 614
11-1.6 619 602
11-1.8 598 580
11-1.10 596 579
11-1.12 602 585
11-1.14 603 586
11-1.18 606 589
11-1.20 611 594
“nlRE S 111,22 0.5 633 615 0.4 616 596
11-1.24 580 562
11-1.28 618 601
11-1.32 621 604
11-1.34 614 597
11-1.37 623 606
11-1.39 626 609
11-1.42 603 586
11-1.45 639 623
11-1.48 637 590

A AL, B A RS (1 K FR e T T 8 45 R B0
Hby 2 5 A J R, BY D) N IR 2R R/ BRI 5 2
R7I L B A S o A o W NI il ) T O <
o FRil I ey A R PRV AR G M) nhi
JE VTl 53R AF 172 i 0 T o 500 MPa 2647, U
JE AR S5 TR A R I (1 750°C Ao A7 ke HE R
B CIE 1 ha) e B AT 1R 28 IR 55 0 28 R S

SYPIAT I ROBE , AR s Ab 32 B2 T R R 1) i Y
B ETE S M ANAFAE b 52 (0 JZ R ok FE . % T
Bl BTG A A& CABR AR 0E I 11 DA - JBRRE 5 A 750°C
(AR 2% A 1R 1) A, Leloup 55 (1999 ) WAk 42 Jig il &
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Fig. 11 Metamorphic p-T paths of meta-sedimentary rocks from Diancang Mountain-Ailao Mountain metamorphic complex belt

(a after Leloup et al.» 2001;

b after Wang et al., 2016)
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JFRREE AR o Gilley 25 (2003) HL AR L X} 47 28 4
R R (1) GASP s 3 v VF 545 3100 242 1L g ] A
JUEJI24 550~ 810 MPa, HIA K AEAE T (1) 74
~16 Ma [0 8 A7 2k S A7 8 s A7 350 73 8 1) 45 21,
A I A 34 ~21 Ma AU AR AR R AR iR
SRS, B Ll R AR BT A 56 4 R AR AR BY UG T I
1,

TTAESR, 53 238 6] 548 1L = 22 L AR i 2y
AR SR PR I S AR p- T B HEAT T AN
W5 (Liu et al.» 2013; Wang et al.» 2016). HH1,
Xof R EE A 1 b DR 3 24 1 g B 1) G VT b X 25 W
A4 26T AR B 5 A R AR TR B
(Wang et al.» 2016): &A1 AR A AEAE B 32 1) 13
ARSI, T WA S B DA o ot K s A A
Hn A0 N A7 0 R R AR B O A

6 St+ 11 Qtz=4 Grt+ 23 ALSIOs(Ky or SiD) +
6 H,O (Richardson, 1968)
St + Ms= Grt + Bt + ALSiO5 + Liquid
(Spear et al.» 1999)

A FR T C 11b Y ML) i R 45 2F T ik 720 ~
750°C ~800~930 MPa, U J& 1771 B 5 11 30 5535 B &
I FRCE 11a ™ Mo-M;y B BO, I8 o 1 A 22 5
s AN ) X33 (R 40 /6 2 P AL A BF 5D A A e — Al i
AR X B EH, BB UIE R AR T AR
JTCE A TR I S5 VR ek R B B o Liu 55 (2013 )38 1 X 4
Bl L s i AR GRS R A AR
WA 2 RS A A AR AR AR 22 W 5T 3R 45 44 ~ 36 Ma
(1A% Jo Vg A 6%, B S L DXl P T - BT D) 1R A B
W (Leloup er al.» 1993; Schirer et al., 1994;
Gilley er al. > 2003; Searles 2006, [F] B 3R1F 1T
PRI FR B BR R 32 ~25 Ma, BV A - JFRRL 5 AH AR 5
YER R AETBIUMER 2 Wi b4k, Wang 55 (2001) 1A
h A = A 2k AN TRT B B Ll s 1
5% 70 % Nb-Ta-P-Ti fl Sr-Nd-Pb [RIf7 A7 &
225 e R (42 ~ 24 Ma) 5 28 55 iR B A AR 1)
4500 it s vF 5543 21 780 ~ 830°C F1 600 ~ 1 000
MPa ¥ H 4 55 B 3 (16 ~ 0 Ma) 75 36 5 A A A7
TER S 22 e E T $E tH 3 (42 ~ 24 Ma) f# 75 B 5C
i B ) 47 1 B B i b sk RE RO BRI (16 ~ 0 Ma) (1)1 &
VEF B R 5 R R R s A

P LG TT AL it A 10— 22 L 2 iy A KO T
~BY Y)Y 2 1, & AT 4 Tk S T R A - T IR
(3 LU 7R, e A e bR S UK DG B T AR o A SCRT

M - AR R s AR B R A TR 1
A A REAT T IR AT, 5T 45 S 3 73 WL 3l [X
BURAZTTT 690 ~750°C <690~ 810 MPa ¥ 1]
7T CM, ) 5 U i 30 45 ek B I — s Tl R T (M) B
BRI IR AR M) IE S R . 3T A IX
Tl S5 Rl (RN - T VS AR g IR i L
R A T e Bk A b 3R B ) A o R
(Condie et al.> 1992; Brown, 1993). i i
A 1 7 R EUTRUA T oh 22 v -~ #7828 ) £ T - R ORE
FARAR AR, 2 )G e E 1 AR R R AR e Ay
R I M- W e 4y 5 s g bR T AR v 8 AR A
BN A e s A I ek PR T AR T A G R . 0
BYY) I R R AR 2R R A v PR RE R K 0 Rl
HA AR A KAEECIR T . W — PG
T A R A KACAE FRIEVE AR FE o 3 AR i 40
S 2 R BORT R B 5 T 1 b X AR AL
(Wang et al . 2016) T4 AHALL, bR St (- 7
L s A DX BOK B5E W — B9 D) - i A8 B 2 W,
ST T G A b - 3 (A R FR R TR
IS8R R AR G IV A B il 43 117) 3ok R R oE AR R 1) D
St HR 47 Il HR s A7 A i — ok A 3 1103 1L 3o R
6 e

(1) WX AR PTRA 2 T 3 N s AL
B B, AR 3 B Be MO 04L& e Sl CBUEEIR
KA1 + Grt+ By + Pl+ Kis + Qtz + Ilms V)5 T 55
R F s — R B V) AR TR Be (MO AL R e Sl
CEFFEIR 47 2641 + Grt + Bty + Pl + Kis + Qtz + Ilms
1T 5 il ok s — v il BY U] AR TE B BEAR iR YA 2 Br—
Sil+6 (Mg, Fe)O+K,0+5 Qtz+2 H,O, HH A1
A RAESREVR T 5 I IR AR B BE MO 25 0 -
Bt; + Ms+ Qtz+ Pl

(2) WELIG DX AR Y AR e SR B B2 (ML D ¥ R 45 A
4690 ~750°C <690 ~ 810 MPa; U i i/ 55 ik I i — 1=
WETUI AR TEBY B (ML) B9 R 25 1444 650 — 720°C
450~ 630 MPa; J& SR AR 5B B (M) U s 45 A1 A
580~ 640°C +400~500 MPa, % B st 11— 421 h
b BB ML 3G 1 X A AR 14D 730 OIS A Ay A 5 3 9 s 11
It p-T %3, B A 0 43 Ly 7% s Ak
.

(3) mi = A2 AR A, R L0 721
KFUARE -l B U AR JE 2 Wiy, 4 01 T BN S 5
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