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Quartz deformation characteristics, deformation temperature, and their constraints on pegmatites of

the 509 Daobancxi lithium deposit in the West Kunlun area, Xinjiang

Abstract: [Objective] The 509 Daobanxi deposit in the West Kunlun orogenic belt is a newly discovered large pegmatite-
type lithium-polymetallic deposit in northwestern China. As a typical granite pegmatite lithium deposit in the region, the
metallogenic characteristics and pegmatite evolution of the 509 Daobanxi deposits are of great significance for
understanding the entire lithium-polymetallic mineralization process of the West Kunlun metallogenic belt. The granite

pegmatites contain assemblages of plagioclase, spodumene, quartz, muscovite, etc., exhibiting strong mylonization and
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forming typical ductile deformation characteristics in the 509 Daobanxi deposit. Quartz, an essential mineral in granite
pegmatite, is ideal for tracking pegmatite's mineralization process and studying the deformation behavior of continental
rocks in long-term geological history. [Methods] To study the late-stage emplacement process of pegmatite evolution,
comprehensive analyses were conducted on the quartz deformation structures measurements, fluid inclusion temperature,
and quartz trace elements for the 509 Daobanxi granite pegmatites. Cathodoluminescence (CL) analysis of quartz in
deformed granite pegmatite samples was performed to reveal the compositional zoning of Ti in quartz. Laser ablation
inductively coupled plasma mass spectrometry (LA-ICP-MS) was used to analyze 64 points from samples Zk2707-9 and
Zk1107-2. [Results] The minerals of spodumene and plagioclase in deformed pegmatites primarily show brittle fracturing
characteristics, with the features of rigid body deformation and the muscovite presence of mica-fish. Meanwhile, the
conspicuous feature is that quartz grains mainly develop dynamic recrystallization and contain subgranis. According to the
microstructural characteristics of spodumene, plagioclase, and quartz, the deformation temperature of mylonitized granite
pegmatite is 300~400°C. The CL images of quartz bands in the granite pegmatite samples have no apparent zoning,
indicating that the Ti content reaches a relative equilibrium state in the quartz deformation stage. The LA-ICP-MS analysis
shows quartz from the 509 Daobanxi granite pegmatites contains a lower concentration of Ti (1.03 x107° to 7.67x107° and
1.04 x107° to 6.75%107%), suggesting relatively lower deformation temperatures. The Ti-in-quartz thermobarometry
indicates quartz deformation temperatures ranging from 371 to 398°C and 351 to 377°C, respectively. The thermometric
measurement shows that homogenization temperatures of the quartz fluid inclusions in pegmatite varied from 260°C to
283°C, likely recording the temperature of the late stage of pegmatite evolution. [Conclusion] Comprehensive analysis
shows that the 509 Daobanxi granite pegmatites underwent a period of intense ductile deformation during the emplacement
process, with low temperature and high strain rate. The emplacement of pegmatite is a product of the rapid cooling process,
and the grain size reduction caused by dynamic recrystallization (GBM) under high-stress and low-temperature conditions
profoundly changed the rheological properties of pegmatite. The supercooling process from ~400°C to ~260C
(4T=140°C=), resulting in less rapid mineral crystalline new nuclei in pegmatites, is more conducive to the formation of
coarse quartz and other mineral particles, forming the significant characteristics of granite pegmatites. [Significance]ln
fact, the emplacement process of granitic pegmatites remains a puzzle, and high-quality, accurate systematic work is
needed to understand the evolution process and behavior of granite pegmatite. By studying the 509 Daobanxi granite
pegmatites, we proposed that the pegmatite emplacement was a product of the rapid cooling process, and supercooling
plays an essential role in pegmatite emplacement. Similar deformation characteristics are widely developed in the Tugeman
lithium deposit in the Altyn Tagh area and the Jiajika lithium deposit in the western Sichuan. Although the current work is
preliminary, our study provides some clues for exploring the emplacement process of granitic pegmatites.

Keywords: mylonization; lithium ore; granite pegmatites; 509 Daobanxi area; West Kunlun; Xinjiang
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Fig. 1 Geological map of the study area

(a) Tectonic map of West Kunlun and adjacent areas (modified after Yin and Harrison, 2000); (b) Geological map of Dahongliutan area

(modified after Wang et al., 2017)
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Fig.2 Geological map and exploration section of the 509 Daobanxi area of West Kunlun (modified after Wang et al., 2022)

(a) Geological map of the 509 Daobanxi area; (b) Exploration section of the 509 Daobanxi area
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Fig. 3 Schetch and field photos showing the typical structural profile and field characteristics of the 509 Daobanxi lithium ore deposit (Profile

location is shown in Fig.2.)

(a) Sketch of typical structural profile of the 509 Daobanxi area; (b) Photo of quartz diorite and intercalated granite pegmatites; (c and d) Photos

showing the intrusive contact relation between meta-sedimentary rocks in Bayankalashan Group and granite pegmatites
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Fig. 4 Photos showing typical mineral features in granite pegmatites of the 509 Daobanxi lithium deposit

(a) Veined pegmatites; (b) Spodumene megacrysts; (c) Fine-grained granite and oriented tourmaline in the edge zone; (d) Feldspar and quartz in

the transition zone; (e)Pure quartz in a core zone; (f) Tourmaline boudinage
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Fig. 5 Typical mineral zoning features and pattern diagram of the pegmatite dike in the 509 Daobanxi lithium deposit, West Kunlun

(a) Field characteristics of mineral zoning; (b) Mineral zoning pattern diagram

Pl-plagioclase; Tur—tourmaline; Qz—quartz; Brl-beryl; Grt—garnet; Ms—muscovite
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Fig. 6 The deformation characteristics of the Bayankalashan Group in the 509 Daobanxi area

(a) Dendritic granitic pegmatite in the Bayankalashan group; (b) Stratified pegmatite in the Bayankalashan group; (c) Folding deformation

characteristics of the Bayankalashan Group; (d) Minerals such as andalusite developed along the contact zone of the granites and the

Bayankalashan Group
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Fig. 7 Deformation characteristics of nimerals in pegmatites of the 509 Daobanxi lithium deposit

(a and b) Brittle fracture of spodumene, and expansion and bulging recrystallization of quartz in deformed pegmatite zone; (c—g) Brittle fracture

of feldspar, and expansion and bulging recrystallization of quartz in deformed pegmatite zone; (h and i) Muscovite fish, and subgranular rotation

developed in quartz grains, exhibiting “nuclear—mantle structure”

Spd-spodumene; Pl-plagioclase; Qz—quartz; Ms—muscovite
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Fig. 8 Microphotos showing characteristics of quartz inclusion in pegmatites of the 509 Daobanxi lithium deposit

(a and b) Gas—liquid two-phase inclusions; (c¢) Gas-rich phase inclusion group; (d) Coexistence of gas—liquid inclusions and gas-rich inclusions;
(e) Liquid-rich phase inclusion group; (f) Gas-liquid two-phase inclusions and three-phase inclusions containing daughter minerals; (g and
h)Three-phase inclusions containing daughter minerals; (i) Three-phase inclusions containing daughter minerals developed in fractures; (j—1)
CO,-bearing inclusions

Vco,—gas phase CO,; Lco,-liquid phase CO,; Ly,o-liquid phase H,O; Vi,0—gas phase H,O; NaCl-NaCl daughter minerals

52 (R e e 5 R B 5 T ) 56, 92 e

5 KRS E TR E TR 5038 SR FH 2 16 o R £ 26 75 T M5 % 1 ( Agilent
7900 ICP-MS) #l GoherentGeolas 193 nm £ 43 T %

AR A SIRAT TR RO O HOERIIE e T 2 0, T £ 100 pm, 3
JEAE P it £ il o 09 ASEHEAT T IR IR SR O 10 He, B9 B 10 Vem?, SGHER < 44
(CL) 43§t , 12 55 56 78 45 47 G B B2 A BR 2 7] 58 Bl o um, S A E R ] NIST SRM610, GSE. BCR-2G 4h
FIBEh T R IO EAE A G EE TR bR, S RS 2K, AR TGRSR



82 ¥R 55 54 https://journal.geomech.ac.cn 2024
7000 — 8000 —— ]
6000 .i‘e 7000 S .:'.n, 3
5000 i .3‘“ 6000 < s 10 1%

© - —

i . s 5000 o
2 4000 S 2 S~
o <O = 4000 2
= 3000 Sz 2 g
z o E 3000 ﬁ

1000 1000

0 0
0 500 1000 1500 2000 2500 3000 3500 4000 0 500 1000 1500 2000 2500 3000 3500 4000
i /em™! fif%/em!

8000 — 7000

7000 6000

6000 5000
#5000 . !
; S = 4000
E 4000 st #
= ST = 3000
E 3000 oz =

2000 S 2000

1000 - 1000

B /cm™!
a. b—CO, KWK, ¢, d—CO, KMk, H & /& CH,

K9 5091

0
0 500 1000 1500 2000 2500 3000 3500 4000

0
0 500 1000 1500 2000 2500 3000 3500 4000
B /cm™!

HHEEYT LR GRS T E XL EETZ EERE

Fig. 9 Raman spectra characteristics of quartz fluid inclusions in pegmatites of the 509 Daobanxi lithium deposit

(a and b) CO, gas inclusions; (c and d) CO, gas inclusions with small amounts of CH,
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Table | Temperature data of quartz fluid inclusions in pegmatites of the 509 Daobanxi lithium deposit
A1) R Aot {2 ¥—RE/C VKRG COZ8 A ImMLIEE/ C HhE

EeE 36 I 232~310(273) —3.3~-11(-6.6) — 6.3~14.95(9.5)
e 30 m 210~303(260) -3.6~-9.1(-6.36) 5.9~8.9(7.3) 2.23~4.64(5.25)
i 4 v 244~310(283) -5.5~-9.7(-7.4) — 7.6~12.5(9.7)

T O FE

2, Ti & 8 AT E /N T 10%. AF W ML, HY TitaniQ W B2 13153 Y 09 28 1 1 B2 o AH %)

AR CL BRI & T DU MU TR A2 — B0 (E 10), ZK2707-9 #f i 1 7 2438 B2 43 51 o 371

(Kohn and Northrup, 2009) ., 509 i BE P4 1€ i 45 & A
FE i A 98 45l 1Y CL BS54 4l vk, 3R
B Ti & it E A AR JE v ik B RE 6 SF- AR 2 (B 10) o
fE Zk2707-9 Fl Zk1107-2 ¥ i 19 43 9 5% 47 b 3L
T 64 A~ A5 (3% 2), I fi A Thomas et al.(2010) i
A% 1Y TitaniQ W B2 1118 T A AT R . T
BT B MBI E AR ESE T T
T AR R, DR IR A SR 5 1 TiO, T M (aTio,) 43 il
BEE N 1.0, 0.8 F1 0.6, [F] i 4K #& Zhang et al.(2022)
i B0 A8, K B0 PR AR R 0 T SR R R E Ty 3.7
kbar, 2 AFE & A58 Ti & & AT 20 (& 10), 43 5]
K 1.03x107°~7.67x107° F1 1.04x10°~6.75x10°( £ 2);

°C.(aTiO,=1) . 382 °C(aTi0,=0.8) . 398 °C(aTi0,=0.6);
ZK1107-2 ¥ it F #4124 351°C(aTiO=1) . 362 C
(aTi0,=0.8) . 377 C(aTi0,=0.6) . % & 5| 5 i &t &
HLRVE ) S AT ) 6 R B R L (L 1), S5/ A
e Tl BT ISR A AL, I UK A BB M AR T 04 T B
£E W AE 377~398 C(aTi0,=0.6), [ i} L 398 °C 1K

1 B PR TE G TR B o AT IR
6 it
61 NFERETEEENAR

il JEE S 5 R A YA S P L T B I A I 4



%1

A, A BRIV R E 509 1E BEVG AL AT e A AR TR R AE | IR BE B CHON S A 6 B 2 R

83
®2 SOEBMAET FRETARNEREE
Table2 Deformation temperature of quartz in pegmatites of the 509 Daobanxi lithium deposit
PRl AR TA0 Pikbar (aTZL)O?ZI ) (aTiZ:Eo.s;) (aTig;EO.()) Wm0 Pkbar (angle ) (mg:o.w <aTiZ:Eo.6>
Al 7.67 3.7 418 431 449 A24 3.60 3.7 376 388 404
A2 5.54 3.7 399 412 429 A25 2.90 3.7 365 376 392
A3 3.67 3.7 371 389 405 A26 3.64 3.7 371 388 404
A4 3.44 3.7 374 385 401 A27 3.80 3.7 379 391 407
A5 2.63 3.7 360 371 386 A28 4.87 3.7 392 404 421
A6 2.82 3.7 364 375 390 A29 3.61 3.7 376 388 404
A7 1.03 3.7 317 327 340 A30 3.05 3.7 368 379 394
A8 3.31 3.7 372 383 399 A31 3.39 3.7 373 385 400
A9 6.11 3.7 405 418 435 A33 1.99 3.7 347 357 372
All 4.88 3.7 392 405 421 A34 2.62 3.7 360 371 386
Zk2707-9  Al2 4.40 3.7 387 399 415 A35 2.55 3.7 359 370 385
Al3 1.45 3.7 332 342 356 A36 2.10 3.7 349 360 375
Al4 2.38 3.7 355 366 381 A37 3.61 3.7 376 388 404
Al6 2.11 3.7 349 360 375 A38 3.75 3.7 378 390 406
Al7 1.56 3.7 335 346 360 A39 3.04 3.7 367 379 394
A18 4.56 3.7 389 401 417 A40 3.24 3.7 371 382 398
A19 3.70 3.7 377 389 405 A4l 1.28 3.7 326 336 350
A20 3.20 3.7 370 382 397 A42 3.71 3.7 378 389 405
A21 4.13 3.7 383 395 412 A43 3.59 3.7 376 388 403
A22 4.08 3.7 383 395 411 Ad44 3.57 3.7 376 387 403
A23 5.41 3.7 398 410 427 A45 3.85 3.7 380 391 408
A46 3.74 3.7 378 390 406 A57 1.11 3.7 320 330 343
A47 3.57 3.7 376 387 403 A58 2.08 3.7 349 360 374
A48 6.75 3.7 410 423 441 A59 2.08 3.7 349 360 374
A49 3.28 3.7 371 383 399 A60 2.54 3.7 358 370 385
A50 1.97 3.7 346 357 371 A70 1.20 3.7 323 333 347
Zk1107-2  AS1 1.43 3.7 331 341 355 AT71 1.04 3.7 317 327 340
AS2 1.64 3.7 337 348 362 AT72 2.00 3.7 347 358 372
AS3 4.45 3.7 387 399 416 AT5 1.84 3.7 343 354 368
A54 231 3.7 354 365 379 AT76 1.78 3.7 341 352 366
ASS 2.86 3.7 364 376 391 AT77 2.02 3.7 347 358 373
AS6 1.37 3.7 329 340 353 AT8 221 3.7 351 362 377

4 14 % it ] 2 22 — (Passchier and Trouw, 2005; Platt
and Behr, 2011; London, 2018) . ## A . & A FfA
YA R AE B SOULTE B 6 B, BE AR AR A Kk
T8 1) IR 8 300~400 °C([&] 11a; Passchier and
Trouw, 2005; Fossen and Cavalcante, 2017) . It K 4
oe i BE 335 A A2 2 IR O 371398 C Al
351~377 °C, 5 1WOU 20 #4) Fr 48 7 14 728 B Ui B 3 i —

o fha A T A R R R Y — IR BT Dy 260~
283 °C, Al R % T ARIE M B E ., ©F
WFFE 2R B, A6 5 A1 b 5 50 007 3 e v s i) P I 2
AT LA 398 °C [ A 2] 260 °C(AT=150 °C; London and
Morgan, 2012) o 3CH A7 g A8 1 I BE Fir Sk /s 3 i) PR
R R (AT=150 °C) F B, 509 18 PE VG 1€ i fF i
FE AL B v B Y Z0 A AR AE (] 11b) o 7 =5
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Fig. 10 Illustration of quartz deformation temperature in pegmatites of the 509 Daobanxi lithium deposit
(a and b) Cathodoluminescence images of quartz and typical test points; (c and d) Results of titanium thermometry on quartz
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Fig. 11 Diagrams illustrating the typical mineral deformation characteristics at different tectonic levels and the crystal-nucleation delay and the

onset of undercooling time

(a) Typical mineral deformation characteristics at different tectonic levels (Fosson and Cavalcante, 2017); (b) The crystal-nucleation delay and

the onset of undercooling time (London and Morgan, 2012)
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Fig. 12 Diagram showing the emplacement of granite pegmatites in the 509 Daobanxi deposit, West Kunlun

Spd-spodumene; Qz—quartz; The depth and temperature curves are constrained by the results of this study and the chronology research by Wang

etal. (2022).
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