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Continental hydrothermal sedimentary origin of the Hexi strontium deposit in
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isotopic compositions of celestines
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Abstract: The Hexi large strontium deposit in western Yunnan Province is located in the northern part of the Meso-
Cenozoic Lanping Basin, southeast margin of the Qinghai-Tibet Plateau. The ore bodies mainly occur in the carbon-
ate rocks of the Upper Triassic Sanhedong Formation, and are also abundant in the gypsum-bearing sand-mudstones

of the Miocene Jinding Group. They are controlled by the near S-N-extending reverse fault and the near E-W-exten-
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ding strike-slip fault during the metallogenic stage. After the petrography observation and mineral chemical compo-
sitions analysis, the hydrothermal celestine can be divided into three generations of Clsl, Cls2 and Cls3, respec-
tively. Clsl mainly has an heteromorphic granular structure, while Cls2 and Cls3 exhibit an idiomorphic columnar
or lamellar structure, and Cls2 is characterized by Sr-Ba solid solution oscillating rings, revealing that the ore pre-
cipitation had undergone a rapid to slow crystallization process. The Sr and S isotopic tracing results show that the
celestine has an uniform ¥ Sr/*Sr value of 0. 707 695 ~0. 707 792, with an average value of 0. 707 740, which is
consistent with the Sr isotopic compositions of adjacent Sanhedong Formation limestones and the Late Triassic sea-
waters. The 8*S value of celestine (17.26%0~17.49%o, with an average value of 17.36%0) is slightly higher than
that of the Jinding Group gypsum (12.5%0~15.0%0). This indicates that the formation of Sr-rich fluid may be re-
lated to the high-pressure dehydration of the Sanhedong Formation limestone caused by gravity compaction and deep
source heat flow, and the ore-bearing hydrothermal fluid concentrated at the favorable structural traps in the Sanhe-
dong Formation during the early stage. Influenced by the regional tectonic stress changes and deep heat effect driv-
en by the India-Eurasia collision process, these ore-bearing hydrothermal fluid migrated upward along the near S-N-
extending reverse structure and mixed with the oxidizing lacustrine basin brine of the Jinding Group at the shallow
surface. The hydrothermal sedimentary-type mineralization of the Jinding Group and hydrothermal filling metasoma-
tism-type mineralization of the Sanhedong Formation simultaneously occurred. Hence, the Hexi strontium deposit is
an epigenetic hydrothermal filling-type deposit with a continental hydrothermal sedimentary origin in nature.

Key words: celestine; mineral chemistry; Sr-S isotope; epigenetic hydrothermal filling-type deposit; continental
hydrothermal sedimentary origin; Hexi strontium deposit; Lanping Basin
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Fig. 1 Regional geological map (a is modified after the Yunnan Provincial Bureau of Geology and Mineral Resources, 1974®
19849) , stratigraphic column of the Lanping Basin (b), and regional geological map of the Hexi strontium ore field (¢ is modified
after the Third Geological Survey Institute of Yunnan Geological Survey, 20039)

O AR, 1974, 2Z5FIE 1:20 7 XIEHHRA.
O =AM ). 1984, 4EPGIE 1:20 J7 KR &
© =i H L FURA B s — HUB A AL T, 2003, RS 22 P BUPATAR AYAE RS B A P X 105 DT XIS R P L



1415

P2 PR X R R Sk
Fig. 2 Typical outcrops of the Hexi strontium ore field
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a—hydrothermal calcite veins in the limestone; b—fading alteration in limestone; c—the hanging Sanhedong Formation limestones

of the reverse fault, and the footwall rock of the Jinding Group; d—travertine, the bottom is weakly consolidated sandy mudstone

containing the Sanhedong Formation limestone breccias; e—paste muddy stone interbedded with the sandy mudstone of the Jinding

Group; f—anhydrite lens hosting in sandy mudstone of the Jinding Group
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Fig. 3 Geological map of the Hexi strontium ore field (a) and section map of the P4 exploration line (b is modified after

the Yunnan Southern Geological Prospecting Engineering Corporation, 20089)
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Fig. 4 Typical ore fabrics from the Hexi strontium deposit

a—HUREE A1 b—3& K QBRI S SUR A T o—STRRE , 3R A ORF AN =5 H KA, d—MBRRESH Cls1;
e—Clsl FBRE Cls2 Al CIs3, Ty i A1 5 A ARBRAR G 5 F— 35 K AT RRIRER KL BUZ I R B M FORGEH Clsl s g—HURT 1 th 1
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a—massive strontium ore; b—celestine carbonate vein cemented laminated limestone breccia; c—conglomerate rock of the Jinding Group, containing
light white celestine and Sanhedong Formation limestone gravel; d—Cls1 with allotriomorphic granular texture; e—Cls2 and Cls3 precipitate along the
edges of Clsl, and the early calcite showed metasomatic residual structure; f—celestine-hosting carbonate veins cemented laminaceous limestone with
bladed structure Clsl; g—massive ore hosting Clsl and Gn, and the later shows metasomatic residual structure ( BSE) ; h—Cls3 grows along the edge
of Cls2 or cuts through Cls2, and is replaced by later Gn (BSE) ; i—micrite calcite, fine granular celestine and terrigenous debris in conglomerate
cement, gypsum veins occur in fissure; Cal—calcite; Cls—celestine; Gn—galena; Gp—gypsum; Q—quartz
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Fig. 5 Mineral paragenesis of the Hexi strontium deposit
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Table 1 Sample collection and tested items

MRS At M 5 RO CREEHLT
21HX43-6  KEA St R R Tys  IPHEEE" X
21HX48-3 KEA Sr.S [ % Tys  WPHEET X
21HX48-4 BA Sr.S R % Tss PR X
21HX48-6-3 KEA Sr.S R & Tys  JAIPHERG X
21HX48-7 O Sr.S [ % Tys  TAPEERETIX
21HX43-10 KEHA Sr [ R Tys  WPHEET X
21HX43-3  K&HA Sr[Rlfi & Tys  JAIPHEREIX
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21PHX2-3  JR4#+ Sr [ R Tss K=F
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21HX43-8 K& Sr [F i & Tys  TAPHERETIX
21HX58-1  JKA Sr [Ffi % Ty HIMAAET X
21HX58-5 K& Sr R R Tys  HFAAFH X
21HX43-11-1 KA HFHREFEICE Ty WS X
22HX6-10-13 KEFA HFHEFEREITR Ty WIGHET X
22HX6-9-6 KEA HWTFHEEFEITLE Tys WG X
22HX6-9-5 REA MFHEFEITE Tys  WEEE X
22HX6-9-4  KiFA WTFHEH FmITE Ty WPEHED X
22HX43-11-2 KA HFPHEEERTE T WEREY X
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DX 5 4 IOV 4D DX B K A A AR AR LAY St [R5
FU B b, AT X KRG AW BAAEE -
TSR S (43 51, F8 78 HAT BEAFAE A [A] )80 R 09 R
A7, R A Tt — 2P R

[ A8, PO R XK A 5 & WA E =
BRI T W — B K (Veizer et al. , 1999) B
A REARLAY T S/ % Sr 20 B B, 1755 7 b PR A e e
o RRICE R 22 R, B BRI, G TR
JE BB - RO R R A 75 55, L B-W ) 7 AL i
Pt b St Sk R Rl 8 0 AR ( Liang et al.
2022; FFEE, 2022; {45, 2022) , AR & 05 5)
PSR T = AA 2 I SRR 2 4 TR DO AN Y 4
et RUK b, i H,S B AT 5 SR kK 4 A
TR /AT (R E, 2017) . ARWBFFEL K
B, 4 TOURE Jmg 38 e A7 O 2 1 1 ME AR ) = B 21 K v
ak, HA AR BRI s TR AR KSR A =5
IR BRAN R G A 0k, 31X LE R A 7 4 TR v s
P, L R R R, & TR A 8 S o &
AEWRBIURYI TP AT BRI A T Kk A =& R4
[ Sr, I T 80OA B Sr Rl R A2 = AR A
R 5w B, T B LR Se [F] AL R
ZHRL,

FET R R EE ) Sr R R R R R W, i R
Fi Sr RIS =GR A K A ARSI OCHE, 5
¢ b MR IRER A TR BN = B LAY Sr fif
J2 PN TEEARDUR A R B B, dt S EE PR
B[R R B XA S 8 = A M7 A0 55004
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Table 2 Major elemental compositions analysis results of celestines using electron probe in the Hexi strontium deposit

KEAO RER S/ A BaO SO; S0  Ca0 K,0 Mg0O CuO0 PbhO  Total  (Sr,Ba)SO, RS
Clsl 21HX43-11-1-Q1-1 ~ 0.10 44.18 56.21 0.24 0.0l 0.01 0.15 100.896 (Sro. 903 Bag o2 ) SO,
Clsl 21HX43-11-1-Q1-2  0.54 44.43 55.79 0.08 - 0.01 0.06 0.02 100.941 (Srg 900 Bag, o10) SO,
Clsl 22HX6-10-13-Q1-1  0.10 44.30 56.17 0.03 0.0l - 0.03 0.14 100.774 (Srg 905 Bag g2 ) SO,
Cls1 22HX6-10-13-Q1-2  0.21 43.95 55.80 0.10 0.02 - 0.09 - 100. 169 (S0, 996 Bag, 004 ) SO4
Cls1 22HX6-10-13-Q2-1  0.10 43.49 54.94 0.16 0.01 - 0.06 0.55 99.302 (S, 903 Bag, 002 ) SO4
Cls1 22HX6-10-13-Q2-2  0.18 44.60 56.18 0.07 0.01 - - - 101. 041 (Sro, 997 Bag, 03 ) SO,
Cls1 22HX6-10-13-Q3-1  0.34 43.75 55.61 - - - 0.02 - 99.722 (Sry. 994 Bag, gos ) SO4
Clsl 22HX6-10-13-Q3-2 - 44.43 5551 0.03 - - 0.05 0.05 100.068 S1S0,

Clsl 22HX6-10-13-Q4-1 - 44.09 55.53 0.03 0.0l - - 0.19  99.844 S1S0,

Clsl 22HX6-10-13-Q5-1 - 43.98 55.27 0.23 - - 0.01 0.59 100.071 S1S0,

Clsl 22HX6-10-13-Q6-1 - 44.17 55.00 0.09 0.03 - 0.09 - 99.372 S80,

Cls1 22HX6-10-13-Q6-2 - 44.81 55.85 0.08 0.0l - 0.08 0.09 100.930 S80,

Cls1 22HX6-10-13-Q7-1  0.24 44.05 55.38 0.05 - - - 0.17  99.897 (574,995 Bag. gos ) SO4
Cls1 22HX6-9-6-Q1-1 0.21 43.88 56.30 0.04 0.02 - 0.15 - 100.590 (St 905 Bay gos ) SO
Clsl 22HX6-9-6-Q1-2 0.11 44.12 56.12 0.05 - - 0.07 0.14 100.615 (Srg 903 Bag, 092 ) SO4
Clsl 22HX6-9-6-Q2-1 - 44.39 56.30 0.13 0.03 0.02 0.0l 0.0l 100.885 S180,

Clsl 22HX6-9-6-Q2-2 0.17 44.31 55.45 - 0.04 - - & 99. 964 (Srg, 997 Bag, o3 ) SO,
Clsl 22HX6-9-6-Q3-1 0.13 43.63 55.95 0.16 0.02 0.01 0.09 - 99. 996 (Srg. 997 Bag, o3 ) SO4
Clsl 22HX6-9-6-Q4-1 0.02 43.94 55.25 0.13 0.02 - = - 99. 360 S80,

Clsl 22HX6-9-6-Q5-1 0.14 42.76 56.04 0.07 - - - 0.02 99.016 (Srg, 997 Bag, o3 ) SO,
Cls1 22HX6-9-5-Q1-1 0.04 44.17 56.02 0.17 - - - - 100.403 (Srg. 990 Bag, 091 ) SO4
Clsl 22HX6-9-5-Q2-1 0.69 44.83 55.12 - 0.02 - 0.01 - 100.676 (Srg.057Bag o13) SO,
Clsl 22HX6-9-5-Q3-1 0.58 44.57 55.69 0.10 0.01 0.02 0.07 - 101.028 (Srg. 930 Bag o11 ) SO,
Clsl 22HX6-9-5-Q4-1 0.75 43.46 55.11 0.14 0.01 - - - 99.457 (Srg 086 Bag 14 ) SOy
Clsl 22HX6-9-4-Q1-1 0.04 44.69 54.46 0.09 - - - 0.05  99.338 (Sro.999 Bag o1 ) S04
Clsl 22HX6-9-4-(2-1 0.44 43.57 55.55 - 0.02 0.01 - - 99. 586 (Srg. 992 Bag, gog ) SO4
Cls1 22HX6-9-4-Q3-1 0.88 44.28 54.05 0.02 - 0.03 - - 99. 264 (Sry.083Bag 17) SO,
Clsl 22HX6-9-4-Q4-1 0.02 42.95 56.46 0.07 0.01 0.02 - 0.01  99.527 S1S0,

Clsl 22HX6-9-4-Q5-1 0.55 42.97 55.50 0.05 0.02 - - 0.06  99.158 (Srg. 990 Bag. o10) SO
Cls2 21HX43-11-2-Q1-1  2.91 43.47 52.27 0.11 - - 0.06 - 98. 810 (Srg, 944 Bag, oss ) SOy
Cls2 21HX43-11-2-Q3-1  2.25 43.18 53.97 0.21 - 0.04 - 0.05  99.696 (Srg. 953 Bag a2 ) SO,
Cls2 21HX43-11-2-Q3-2  1.99 43.41 53.92 0.20 - - 0.02 - 99.533 (Sry. 962 Bag, o35 ) SOy
Cls2 21HX43-11-1-Q2-1  3.96 43.11 52.18 0.06 0.04 - - - 99. 340 (St 926 Bag 74 ) SO,
Cls2 21HX43-11-1-Q2-2  2.58 44.53 52.45 0.18 0.02 - 0.06 0.02 99.829 (Srg 951 Bag, 049 ) S04
Cls2 21HX43-11-1-Q2-3  4.37 44.53 51.16 0.12 - 0.03 0.02 0.02 100.260 (St 917Bag og3) SO,
Cls2 21HX43-11-1-Q3-1  0.80 43.52 54.88 0.05 0.01 0.03 - 0.01  99.299 (Sro, 085 Bag, 15 ) SO,
Cls2 21HX43-11-1-Q3-2  3.54 43.86 51.76 0.22 0.03 - 0.03 0.11 99.551 (Sro. 932 Bag ogg ) SO
Cls2 21HX43-11-1-Q3-3  3.20 43.81 52.61 0.17 0.01 0.01 - - 99. 810 (Srg, 930 Bag, 61 ) SO,
Cls3 21HX43-11-2-Q1-2  0.53 43.29 55.43 0.03 - - - 0.05  99.332 (Srg.990Bag,010) S04
Cls3 21HX43-11-2-Q2-1  0.10 44.02 55.18 0.06 - - - 0.14  99.493 (Sro, 908 Bag, 02 ) SO,
Cls3 21HX43-11-2-Q4-1  0.32 44.40 55.06 0.02 0.03 - - 0.10  99.921 (Sro, 904 Bag, o6 ) SO4
Cls3 21HX43-11-2-Q5-1  0.49 44.02 56.06 0.01 - - - - 100. 584 (g, 991 Bag, g9 ) SO,
Cls3 21HX43-11-1-Q4-1 2,16 43.71 53.95 0.16 0.0l - - 0.02  99.998 (Srg. 950 Bag, a1 ) SO,
Cls3 21HX43-11-1-Q4-2  1.01 43.68 55.64 0.05 0.01 0.03 - - 100.412 (Srg. 981 Bag o10 ) SO,
Cls3 21HX43-11-1-Q5-1  0.71 43.87 55.68 0.20 0.0l - 0.07 - 100.526 (Sry 957Bag o13) SO,
Cls3 21HX43-11-1-Q5-2  2.43 43.08 54.78 0.08 0.02 - - - 100.380 (Srg 955 Bag a5 ) SO,
Cls3 21HX43-11-1-Q2-4  1.08 44.13 54.93 - - 0.02 0.04 - 100.193 (Srg. 950 Bag. 20 ) SO
Cls3 21HX43-11-1-Q3-4  1.11 42.93 55.80 0.13 0.0l 0.01 0.02 0.07 100.091 (St 979 Bag gp1 ) SO,

T —FORRTRMIR,
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Fig. 6 Scatterplot of StO-BaO contents of different generational

celestines

v T 28 R iR & S B WA A T AR Pk
Gy MRS S0 W) e A2 R RS w0, JF RO &Y
St B A A FLBE H (Rosenberg et al. , 2018 ; Pederson
et al. , 2019; Saito et al. , 2020; Martirosyan et al. ,
2021; Alkhatib et al. , 2022) , E.A #F5 (Baker and
Bloomer, 1988; Fontes and Matray, 1993; Richter,
1996 ; Moore and Swart, 2022) &, 3k BIEAHRIREL
)2 b Y A AL B K B )2 P K B R Y St
B, JF HOX B Sr i K ZEHRME A 7 b 2 LU
REERIRTT A1, Wb, th B 20 1 55 #F (Hanor,
2004 ) AT, T8 B KA - KA RPN (08 Sr it
TR LR D) R ONAE AR 4.5 km JEEBE 100 m LB
F 0.3 WU, P A Al BE AN
T2 B X IR R A US4 o

5 Bk Z R IR E A BA S = A A
W —3 Sr [ 2R A, 5 7 N oAl b 2 5
f Sr [ 2R A 2 S AR, N 22 P A 1) b )22
SIATLUFE A 0 = A A R X AME— & F
MTEFIIRIR b A 2 . 456 “ AR IR EE A 2 A 4R
S BB S fiff )2 SRS AT, BT RLIA A T 7Y £
WIRHAY St FEOR A =G IRANHZ00, & S i
AR ¥ AR AE A B TS 22 v e A RO 4 70 3F i
Nz AR Sr TR A
4.2 S HKIR

KA AR EEBR B T S Fl SO 1 [F] — I
PR AR Z B, PRI BT 7 S A Jid 1438 A

TEIE S A Y, T 7E T il s ) vh 2 o B
G IR R ER TR 5 LA™ (Hanor, 2000, 2004) . Xf
TUURUE 0 RS BT IR, 3 0 Pl 75 119
FRAR B 3l W WO ok A T A b i R
(Breesch and Stemmerik, 2009; Veigas et al. , 2015;
Pourkaseb et al. , 2017; B84, 2021; Zhu et al. ,
2022) . TEVIPUERAT IR, 20 30 2 T B0 4 T &
BA K E BRI A A B URY, (AR AR
ZWAF T =5 T 2 R 1 R B s A 2 v, B2 5 Sr
TARASAREE /A B A BLA T BE 22 4t 3 R R 72 PR A
F i FRIUOE RE, F8 0 A TIE F 22w
Sr AR 4 TR B R SRR G AR T 42

PAA RN TR R & S 97 8 A, B
AT AR A 1Y S TR 22 (6 AR PR 3K 4 TOURE V2 fi
BRERER R S [ R, A SO =4 HHORE 4
MIRTFAPEAT T S (AL R il g, IF U s T e
M IX L AR 1 R AT A AL B ) o 3R B0 (B &
2001; EREHESE, 2016; £ 308, 2019), Z5R BN,
THATHY ™S Lo TURE A1 7 ¥ 35 %5 ) 1. 5%0 ~ 6%o
(K 8) R £ ULTE R R v vl REAFAE — E R
MIBRIEIAL 2R AT AR . XF T & B, 3R AR 2 580 IR
BHEARPKREA SYS W THATAENRLR, X
TR T B RR R A A T R £ Ak A ad T
(TSR) s i A4 WA FR 18 38 ) A FH ( BSR) ( Kesler and
Jones, 1981; Abidi et al. , 2012 Veigas et al. , 2015;
BN, 2022) , BLAR IR0 IR YA A O R TS
N DRV EERLAL ) LT R A I UTTE , R
RFREY S A2 R 7T RE 52 2 44 ) 22 -7 2318 1 52
Wi, HT AN SR TR AR S BB SO >S07
>S0,>SCO>S -H,S-HS™>S* ( Ohmoto, 1972) , K%
IR e T8 B 43 J8 B AL AT R B A AR 67'S,
I FBURVURE M R 0 BAE & 6™s, 25 bl
WA TUNE BT IR AR B T 2Ok A T TR
Y AL R £ BTED A ULTE 1 R P T RE R T
T EFREERY S MR S RAE
4.3 Sr-Ba ElA{K

TEAR 22 B 1 R ) KA B8 IR vh, R A £ %
JE LUIMOSE ™ W W8 A AE (B R 38 1 K5 A AR E &
BHA Sr-Ba BRI R G A KM IE  ang e it
# Ain Allega A1 El Aguiba #8# JK ( Abidi et al. ,
2012) (4 T B PR IR (AR ERSE, 2017) AL
TALIEH IR (Zhu et al. , 2022) 55, ATABFSEIA
BT Ba s i FE L Se 2 I — N B 9, TR
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Table 3 Strontium isotopic data statistics of celestine and basin rocks of the Hexi strontium deposit and adjacent

area in the Lanping Basin

ik SRR FE i 5 878/ 8y 2SE B Al A IR
KEH VPR X 21HX43-6 0.707 738 0. 000 006 Ny
KEAH VPR X 21HX48-3 0.707 695 0. 000 007 2SS
PN K4 PR X 21HX48-4 0.707 756 0. 000 007 A3 S
PN K4 PR X 21HX48-6-3 0.707 747 0. 000 010 A3 S
KEA Al U AR X 21HX48-7 0.707 792 0. 000 007 ARSI
KEA PR X 21HX43-10 0.707 727 0. 000 008 A3 S
KEA VPR X 21HX43-3 0.707 722 0. 000 008 A3 S
W K=H 21HX40-3 0.707 765 0. 000 009 A3
KA K=5 21PHX2-3 0.707 975 0. 000 008 A3 S
K K= 21PHX1-1 0.708 149 0.000 010 AR 3CsEm
HE WRABY X 21PHX3-16 0.707 697 0. 000 006 ARSI
HE WARAEY X 21PHX3-2 0.707 770 0. 000 008 RIS
HH BN X 21HX62-2 0.707 925 0. 000 008 A sz
WA PG ERT X 21HX43-8 0.708 003 0. 000 007 A3
K& FlfAaET X 21HX58-1 0.708 181 0. 000 008 A3 S
K ﬁﬂﬁaE%@LE 21HX58-5 0.708 165 0. 000 007 AR
KEA IR =31 JD10-34 0.710 408 0. 000 030 R, 2022
KA TSR L JD10-34 0.710 439 0. 000 019 A, 2022
RKEA =3I JD10-34 0.710 418 0.000 019 HH, 2022
KA TAEE L ID10-34 0.710 411 0. 000 024 W, 2022
PN K4 é%fﬁ =31l JD10-34 0.710 407 0. 000 019 AN, 2022
REA AT L JD10-34 0.710 424 0. 000 017 AN, 2022
PN K4 I F R ZK3-4-4 0.710 075 0. 000 014 AN, 2022
PN - Ral ESE e ZK3-4-4 0.710 008 0. 000 013 AN, 2022
PN Ral 4 T0 H FEEF 7ZK3-4-4 0.710 055 0. 000 015 AN, 2022
KA £ T0 A R ZK3-4-5 0.710 054 0.000 012 A, 2022
KA & T [ R ZK3-4-5 0.710 065 0. 000 010 W, 2022
KA & T [ R ZK3-4-5 0.710 037 0. 000 015 AN, 2022
KEH & T [ R ZK3-4-5 0.710 117 0.000 015 HH, 2022
KA &0 [ R ZK3-4-8 0.710 087 0. 000 010 HH, 2022
RKEA 4 TH ] FEER 7K3-4-8 0.710 074 0.000 011 AN, 2022
KEA 4o FEER 7K3-4-8 0.710 095 0.000 011 AN, 2022
KEA S TH ] FEER ZK3-4-8 0.710 140 0.000 011 BN, 2022
KEA ﬁEIHHﬁF 7K0-3-21 0.710 124 0. 000 010 BN, 2022
KEA A TR L 7K0-3-21 0.710 155 0.000 013 W, 2022
KEA @]ﬁaa bod 7K0-3-21 0.710 027 0. 000 015 H, 2022
KEH 4 T0 p B 7K0-3-21 0.710 167 0.000 014 R, 2022
R4 4 T0 0 2 4 7K5-1 0.710 121 0.000 014 A, 2022
KEA 4 T E B 7K5-1 0.710 072 0.000 018 AN, 2022
RKEA 4 T B B 7K5-1 0.710 056 0.000 014 AN, 2022
REA 4 TH L T B 7K5-1 0.710 094 0. 000 014 AN, 2022
REA 4 TH I T B 7K5-1 0.710 114 0. 000 017 AN, 2022
PN KA 4 TH I T B 7K5-1 0.710 049 0. 000 016 AN, 2022
KEA Sk JD18-5-1 0.710 656 0. 000 018 AN, 2022
KEA S JD18-5-1 0.710 684 0. 000 012 AN, 2022
KA ik VA JD18-5-1 0.710 657 0. 000 009 AN, 2022
KEAH &AL JD18-5-1 0.710 670 0. 000 013 AN, 2022
KEH &Lk JD18-5-3 0.710 548 0.000 012 BN, 2022
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Continued Table 3-1
=k SRR FE G 5 878/ 8y 2SE B alE A IR
KEAH &L JD18-5-3 0.710 529 0. 000 014 AN, 2022
KEH &Lk JD18-5-3 0.710 604 0. 000 012 AN, 2022
KEAH &Lk JD18-5-3 0.710 501 0.000 011 AN, 2022
PN K4 &gk JD18-7-1 0.710 336 0. 000 012 AN, 2022
RKEA Wik ID18-7-1 0.710 273 0.000 013 BN, 2022
KEA &k, ID18-7-1 0.710 272 0.000 012 HAN, 2022
KEA Wik ID18-7-1 0.710 217 0.000 013 BN 2022
KEA Wik ID18-7-1 0.709 704 0.000 013 W, 2022
REA S TSR L JD10-34 0.710 550 0.000 013 HA, 2022
PN=E S THEE L JD10-34 0.710 507 0.000 018 HAY, 2022
RKEA S TA L JD10-34 0.710 488 0. 000 041 AN, 2022
KEA S TSR L JD10-34 0.710 498 0.000 011 W, 2022
RKEA S TAEE L JD10-34 0.710 438 0.000 019 HAK, 2022
KEA S TAEE L JD10-34 0.710 579 0.000 013 HAR, 2022
KA TR L JD11-311 0.707 792 0. 000 007 HH, 2022
K& ST JD11-313 0.707 785 0. 000 008 A, 2022
K ST L JD11-316-1 0.707 796 0. 000 009 HH, 2022
K ST L JD11-316-2 0.707 854 0. 000 009 R, 2022
K &Ik JDM11-49 0.707 613 0. 000 008 HA, 2022
KEH 4 T0 p B ZK3-4-2 0.710 156 0. 000 012 A, 2022
RiGA 4 TR BB 7K3-4-2 0.710 126 0.000 011 HH, 2022
PN K4 &0 [ FBF ZK3-4-9 0.710 150 0. 000 010 AN, 2022
PN -Ea] 4T 4 FEEF ZK3-4-14 0.710 173 0. 000 015 AN, 2022
PN K4 I F R 7K3-4-14 0.710 187 0.000 011 Y, 2022
REA 4 T ] BB 7K3-4-14 0.710 198 0. 000 012 AN, 2022
KEA S TSR L JY-03 0.710 553 - # H 4, 2013
KA TSR L JY-06 0.710 352 - HH H 4, 2013
KA TSR L 03-9-20 0.710 110 - HAH H 4, 2013
REFA AT L 03-9-21 0.710 133 - #H H 4, 2013
KA Al PE R X HX024-1 0.710 115 - EBEEEE, 2016
KEA TA] P AR X HX024-2 0.709 926 - TS, 2016
RKEA PG R IX HX024-3 0.709 896 - TR, 2016
KEA A PEERE X HX024-4 0.707 669 - FREEAE, 2016
KEA A PEERE X HX024-5 0.709 971 - FREEAE, 2016
KEA PGERE X HX030-4 0.709 981 - FWREAE, 2016
KEA Al P AR X HX2-11 0.709 899 - FIRES, 2016
KEA JA] P AR X HX2-12 0.709 977 - FIRES, 2016
KEA TP X HX2-14 0.709 746 - EREAE, 2016
=AU e d LP10-25-1 0.707 827 0.000 014 AN, 2022
=AU 2L LP10-25-2 0.707 979 0.000 013 HA, 2022
=R KA 2B LP10-25-3 0.707 917 0. 000 014 AN, 2022
=HTRA RS MARABY X B-043 0.707 737 0.000 014 Tk, 2019
=HNA R MARABY X B-046 0.707 783 0.000 011 T3k, 2019
= AT RA FlfAaBET X CJ-01 0.708 533 0.000 017 T3k, 2019
/TR A A BET X CJ-04 0.707 695 0.000 014 T3k, 2019
= ALK Rl AED X €J-06 0.707 746 0. 000 023 T30k, 2019
= AR s K=H DSJ-01 0.708 083 0. 000 021 T3k, 2019
=AU K=5 DSJ-03 0.707 793 0.000 016 F3Ck, 2019
=ERA RS K=H DSJ-05 0.707 840 0.000 011 T30k, 2019
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Continued Table 3-2
Eaxdn SRR FE ST 878y/808y 2SE Bl e 5
AT K= DSJ-07 0.707 884 0. 000 018 T, 2019
AT R K=H DSJ-09 0.707 874 0.000 013 T30k, 2019
“HTH RS K= DSJ-13 0.707 936 0. 000 020 3, 2019
AT IR A K=H DSJ-15 0.707 947 0.000 011 T30k, 2019
= HMH KA K=7 DSJ-17 0.709 014 0. 000 020 T3k, 2019
R TR ST X B-067 0.707 732 - RAEFELE, 2018
Var=1 a4 SGP18-1-1-1 0.707 725 0. 000 037 B, 2022
HH ot SGP18-1-1-2 0.707 742 0.000 051 FH, 2022
A 24 SGP18-1-1-3 0.707 763 0. 000 044 HH, 2022
aE S0 SGP18-1-1-4 0.707 846 0. 000 059 B, 2022
Pk a4 SGP18-1-2-1 0.707 967 0. 000 084 B, 2022
HE LB SGP18-1-2-2 0.707 727 0. 000 061 W, 2022
FaE =1 ESo0 SGP18-1-2-3 0.707 747 0. 000 088 AN, 2022
Var=1 S0 SGP18-1-2-4 0.707 859 0.000 133 HH, 2022
Pk ST X B-066 0.707 695 - JRRESE, 2018
A ST X B-069 0.707 987 - JRBZESE 2018
HE STH" X B-071 0.707 756 £ KEHLE, 2018
HE WARAFH X B-031 0.707 959 - kIR, 2018
AE ST L B-066-1 0.707 695 - kiR, 2018
A S TR B-069-2 0.707 987 - fkiAiE, 2018
HE SR B-070-2 0.707 756 - FKIRE, 2018
A HYET 397K05-4 0.708 058 - kIR, 2018
HE HE B9ZK05-6 0.708 127 - iR, 2018
A S T4 L JDJ-1 0.710 015 - HH A4, 2013
Var=1 SRR JDJ-4 0.707 765 - A4, 2013
AFH G TR REEY JDB-3 0.710 208 - T H % 2013
R EL s CEPR XT20-5-1 0.710 744 0. 000 008 AN, 2022
T EHN A LB XT20-9-1 0.711 068 0. 000 009 HH, 2022
EZIREEth s 2R XT20-10-1 0.717 948 0. 000 007 HA, 2022
FRE DA s XT20-11-2 0.730 914 0. 000 008 HAY, 2022
FHRVE AR LB XT20-2-1 0.728 418 0. 000 006 BN, 2022
R E A A = XT20-6-1 0.727 586 0. 000 006 HR, 2022
SEAE g CX20-1-1 0.718 984 0. 000 008 AN, 2022
SRS 2LPR TD11-01 0.716 326 0. 000 008 HH, 2022
SRR 22Hp TD11-04 0.716 528 0.000 010 W, 2022
TR LR €X20-2-1 0.716 824 0. 000 006 AN, 2022
AT A e od CX20-2-2 0.719 028 0. 000 008 AN, 2022
Pk B A 2LPp CX20-3-2 0.713 245 0. 000 008 HH, 2022
pay A ik oy 2B LJ11-01 0.717 841 0. 000 008 BN, 2022
VA Ay LB LJ11-06 0.719 583 0.000 011 AN, 2022
mhADE 22 b Y1.20-1-1 0.717 059 0. 000 008 WA, 2022
=R 2L Y1.20-1-2 0.715 105 0. 000 008 N, 2022
SRR R 2B Y1.20-2-1 0.716 806 0. 000 008 AN, 2022
RERH A 2L YL.20-2-2 0.715 438 0. 000 008 AN, 2022
FAHFH A LB LP11-01 0.717 409 0. 000 010 W, 2022
FAHFH S 2R LP11-04 0.717 426 0.000 012 WA, 2022
th =SS = MD-1-2 0.738 721 0. 000 007 WA, 2022
h =Sl e MD-7-1 0.753 399 0. 000 007 B, 2022
th = s LB MD20-7-1 0.751 525 0. 000 006 PN, 2022
ZERAZRE 2L FY20-1-2 0.707 627 0. 000 008 WA, 2022
ZEaZRE B30 S1.20-1-1 0.707 131 0. 000 009 B, 2022
CERTRE B d ELS20-1-1 0.704 977 0. 000 007 AN, 2022
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Table 4 Statistic results of the sulfur isotopic data of L
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Fig. 9 Elemental EMPA surface scan results of the strontium-barium solid solutions of the Hexi strontium deposit
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