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Abstract: The Sichuan Basin is rich in oil and gas resources, and many years of exploration and development have accumulated a
large amount of gas composition information, which provides good basic conditions for helium research. Helium content associated
with natural gas from multiple strata and regions varies significantly. However, the relationship between hydrocarbons and associated
helium is unclear. Based on the statistics of natural gas components obtained from oil and gas exploration in the Sichuan Basin, Iwe
innovatively use cluster analysis method to conduct Q-type cluster research on the He content and the content of associated gases CHa,
N2, and COz in natural gas. The study analyzes the content of various types of helium, geological background, distribution pattern, and
migration characteristics, then discusses the exploration and development strategies for helium resources. The main findings are as
follows: (i) The helium associated with hydrocarbons in the Sichuan Basin can be mainly divided into three types, Type I is
characterized by low He, low N2, low CO2 and high CH4 hydrocarbon gas reservoirs, Type II is characterized by He-rich, high Na,
medium CO2, medium CH4 hydrocarbon gas reservoirs, and Type 111 is characterized by low He, low N2, high CO2 and low CH4
hydrocarbon gas reservoirs. (ii) Gas components of type I are shown as single peaks, with an average He content of 0.0339% and a
poor correlation with the N2 content. Non-hydrocarbon components of type Il gases show a multiple-peak distribution, with a high He
content (average of 0.158%) and a strong positive correlation with the N2 content (+=0.837, P<0.01), the CO2 content (+=0.662,
P<0.01), respectively. (iii) Helium reservoirs of type I are composited of shale gas reservoirs and overpressured gas reservoirs from in
situ fracking of paleo-oil reservoirs. Low level of exotict helium and dilution from high-intensity gas generation are both responsible
for the low helium content in type I gases. Helium-rich reservoirs of type II are recharged with water-soluble helium and nitrogen
during hydrocarbon migration. (iv) Natural gas or shale gas with abnormally high pressures, heavy hydrocarbon gas, as well as gas
with high hydrogen sulfide content, are not favorable for helium accumulation. Successional anticline traps on long-distance flow
paths of strata water, and the ancient resevoirs with multiple periods of interaction with stratum fluids, are the targets for helium
exploration. The method of cluster analysis established for hydrocarbon-associated helium components can provide new ideas to study
the geological characteristics of helium before obtaining a large amount of gas component information.
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ZH *He 1 *He WiFifase RN 2, b He Ao & MBI A% %, ‘He FERBGHE Uy Thisk
[ & %72 (117~ ) (Ballentine and Burnard, 2002) (JRFRBURMERIED o« FRARSGE P IS SH KA 18I
VR 3 PR ERIE: ORI PRAEZERRFEFERKLBER . A RBARE ARG R T, He/*He A
MFEWAE (Ra) 4 1.4x10°(Ozima and Podosek, 2001); @HuiE) i+ U, Th &&=AK, BURTERE R ‘He 18
b, FEARAREE T HUBRIE B AR SURRAE, W8 YRS *He/*He fHM 1.1x10°%, R/Ra=5~50 (R AFEN: 1 3He/*He
LLfE) (Fisher, 1986); G®FistE & U. Th iz, A4 ‘He KEE 4, *He/*He {HH(2~10)x10°%,
R/Ra=0.013~0.021(Prinzhofer and Battani, 2010). Z[Af7 2 4 lid 5 BTG S H VIR R FEMIEX B
HhFE R *He v, THTAEACK LA R A TG X, BT B AR A SRS SRR AN T e 185
FERNEA Sy iE s B R R g, LAEYR *He Jv=E (Ballentine et al., 2005).

2 Us Th ok AR, BT R, A2EEE, R LRR S R R ERE,
H S ANBE SRR AR ISR, 2024). RAURET G AR, HEHRIRBORARGHE, MEA SRS
& (CHav O No il Ho) HURREG SR TE, RARFUIHBGRM AR EE T B No fl He & 8% 2 3 IEAHK,
T RO R R AT R — I (Brown, 2019; ZEE €&, 2023). SRTIH#E 4 HUIX I No il He
BIFTCARSNE, BlInfESR /R 2 M i (Dai et al.,, 2017; FRECA, 2021), —F AR &K RA frik— Pt IT.
KA FR DA A & RONER, IEFR AR X BRE MRS E, KRS 5 AR B — A
FERPE R R H BT RIVEAER S RIEA 2. OREZE, Tl BFRIEA AR S 2 ARER (R
SHEBREERT 05%) B (0.1%~0.5%)+ F& (0.05%~0.1%)+ A (0.01%~0.05%) FiiT& M F
0.01%) < H(Dai et al., 2017), BUKHEZ B RN NRERE (FAMEERT 100 5 H77) KB (50~100
B i) AL (25~50 F JiJ7) /N (5~25 B JiJ) K/ ONTF 5 W J5) A H (Boreham et al., 2018).
SRR, CEERAS SR, RRMER. QFRASRISEMAETH, L4 CHiw No
CO, #1 He ARXS &8, R0 A& SRR, B A AU s 2 A UBl(Liu et al., 2023). @K [
RIS, K5 N8I K SHe, LA FEURI “He “ji(Ballentine and Burnard, 2002); BZR &% S R
K Z PR, Ry FEIRFVEAL, SRR IR R A o8 52 4 8 — 2 (Wang et al., 2020, 2023; JGIe%%, 2023).
HTRATHZERRE, ROUERUEZH, MBS PRE BN 8RS &R 0K, Lk
REANEIEZ N TG AL, Bz e R ehs, ST R,

N A HEFH R AR RTINS R AU BIRI S M, B BT G,
011 22 e B R X SR A K R AR A AR S AL SR A T T, R A R 28 Mo B A 4
T IRE RN E — %, USSR RS 2R . R0 RGNS ARRBAHE, 460
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VO Ay + YR &R, s DU R, &+ LAk, SR AE shE A FRH KRS
G (ED, FANTVEG R RARZ, PREE K. AR FURRT, DR A Ry 7 5 2
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Fig.1 Distribution of tectonic units and gas fields in the Sichuan Basin, as well as an overview of gas field explored reserves

(D SFHTERG (€19 WAHTUE, oA TR, JIFGA)IJEH X TUE JE B 200~300m, A=
AHERE (50~100) X 108m¥/km?2, RARSEIEE 1.91 X 102m3, & B SRR i A0 - BRI AU ) 2 BRI
(AR5, 2016). T Us Th SEEE, FHFEEN (38~92) ppm 1 (6.02~10.2) ppm. 7 g il akiz < H

hEREERE, N 0.098%~0.342%, T 0.2175% (K 2), [ATEHEEEMNEB RITRHAMERZL



FIhd. mAaRE-EE RS A R E AT, £ 0.02%~0.0891%2 [0, XA 0.0503%, TEEHEAEHR
JTRC A

() FEH G THIRA(SIDEATUS , DA E AR R, JEFE 0~100m, R THIEE 4.96 X 102m?,
ASARFE (10~60) X 108mP/km?, U, Th “F¥FELE5 0108 18.83ppm H1 15.69ppm. JEMIE . Buz-+ 7 7L
EHAH, PAENNEMX SR BN 4R AR S (Dai et al., 2014; Yi et al., 2019). JEZEH X FLIGZH -8 iR 4
TESPATEME, JWHETE 0.0228%~0.1286% ], #2/KHIX1ZZERAEEN 0.0986%~0.101%; Wik .
Ko i X e TR AH A AR
LR TUA R R LS A

(3) LB R A (PoD WAH-FEAH A, EE A ARAE ARG, TR T . JotURI 5 < (Wu

et al., 2013), RARTHEPEE 2.0X102m?, ASHE (10~50) X 10%m¥km?, U. Th FEEHEN (3.0~16.4)

REEML, JUEE 0.0187%~0.1253%22 18], “F¥IA 0.03%~0.04%. JIIZHLX
/_’\
=

B - K T AL, TEEN 0.0063%~0.15%, ~F33 0.0364%.

ppm Al (1.06~15.6) ppm. JTHURIEEIN A S 2L, 7E 0.0056%~0.04% 1], T34 0.0146%.

(4) F=BGZMFKIMA (Too) BEABER, AATCER PGSR, 2 DX Rl < 1) 5 B (B4 5E,
2013; UMFEHESE, 2023), JEEE 10~1500 m, BUZEATBEE 4.85X10%m?, AERIEE (5~700 X108m¥/km?. |
s PRSI HR S 2N 0.0037%~0.0469%, P54 0.026%. ZHHTATIFR, SR RBE A
SEIL 0.05%, BT, EAM—BE IR URE SRS R T 0.05%MbsE. SER L, He &
H5 CHsw CO KM, 5 N, B —EIEAEHE (B2,
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Fig.2 Histogram of frequency distribution of He content associated with hydrocarbons in different formations in the Sichuan Basin (a),
correlation of major genes in natural gas with helium abundance diagrams (b-d)

VO )1 G RAR TP 4150 1) *He/*He {HARH IR, YEFEY 0.002~0.05 Ra, “F#75 0.015 Ra (n=113) ([
2a) SFHI_EJIAR N R AR R/Ra SPEME S 5025 0.013. 0.014, 1P k2 5 RIRU R/Ra 4 0.015
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AHAEETEEDY (3000~45000 X 10%m’. <AL b, [ KRR UREAERIRRAZ KE R =L,
TR H E =25k % /MZ R RECH 1.3~2.2, NP THAGIMAE T RN 1.4-1.8, BEERTE
JER AR 1 REOE 1.5~1.7 8 SHRIFEX 735 T 289 58% K H T EH RIEIEE (n=83),20%K H =& R(n=29),
YA 12%KREAZER (n=17), A 10%KRAERRZRIEE (n=14). ZJFNK He ik N2 ik CO2 55 CH4 &K
SR, AR AR MR 235 A BRI (] 5D, o CHL 5 8000 81.87%~99.45%, 1351 96.24%; COL 75 84 0.01%~6.43%,
T4 0.89%; No &8 A 0.01%~6.49%, 31 0.95%; He & & 0.0037%~0.15%, T34 0.0339% (n=143).
AR Z AH R/Ra 24 0.002~0.05, “F34175 0.0143 (n=95), BA MR FEJHSURHE

1 REDTE =R A ) Pearson AHIE REHFF



Table 1 Pearson correlation coefficient Matrix between gas components after cluster analysis
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Fig. 5 Frequency diagrams of the three types of natural gas components obtained by cluster analysis



32 FIEE He 5 N2 CO, R CHy IR RS 5

I RAAREHE BT R BRI A A BOnFE R KE (84%). BTIFHRE HRITHAH (50%). %%
SH=ZBRTFMA (85%). " ZSH=Z8F (100%) FEXRSAH=8FR (80%). AHFHE LK
DRERRER R, A=8R. =825, SA0ERMEEN, HESONEE, Bux. A H R
21 400X 10%m3, JE A RECN 1.10~1.30; ZiE. | %, EESHSHEEMEL (1200~1900) X 10%m?, =
BRMIZIE S RBON 1.08~1.21. HBSEKIEX D, 67% Uk AERARKIAE, 28%KE=8%K, L&
KEHZBR. ZENE He m Na 1 COx ' CHa JF, CHa &8N 80.71%~90.71%, 134 86.27%. JEk&
HOHER W R 208040, i CO &N 0.01%~7.84%, PIANEE D58 2%M1 6% (K 5b); Na & &
N 0.39%~11.88%, LA 8% NN, HIK A 2% (B 5¢); He & 0.007%~0.342%, “F-140.158% (n=69), I
IIAAFAE 0.04% 0.2%- 0.26%. 0.32%%5FZ Mg (] 5d), R/Ra N 0.0011~0.041, “F#°50.0191 (n=16),
3.3 FEIIZE He f€ N2 /& CO2 i CH4 IR S5

SR E R ES A 15 M RIR TR, 1K He K N2 5 CO I CHa 22K, Kk T
TBRRAREHBERME . RRAEELIN 4100 X 103m3, EE S RECN 0.96~1.18, A ER G -A T
BB BN 66.68%~78.83%, T34 74.22%; N & 8N 0.09%~3.50%, 7341 0.98%; CO» & &M 1.31%~16.31%,
P34 9.24%, FIANEE AN 2% 10%, HLL 10%AEE (F 5. A0 E S ERIE, JEN
0.0056%~0.0284%, “F-¥15 0.0141%.
3.4 FIVEE He RERLER

HIVIENFH I MK He I8 CHa /5 CO, Uk, BUAIK He Ik CHa 5y N Ui, B (1), 2 (1
Ao HAFFARF RS ERIK, 28 50%~60%, COE N> FiESFHE (20%~35%), %A% HiE
KU WIS, FIRE SN IEFRBREA K, JEE A FHa .
4y S
4.1 B | XREBFHESHH

1 RASUE T He & 2%, VU1 it T & B 4o le SR 4 7UA S He 28 0.0187%~0.0499%, “F-351 0.0404%
DUl SR 2 E - B AL UL VRIS IR R -— 8 RRIR AR A 2 I AR SR W RS KT
BN A 2, SN 0.0063%~0.15%, T35 0.0364%. 1 5%/ Hes Naw COav CHy ZHARHER I N
B, WA R (R BUERHE. He 5 No AHORTESS (r=0.448, P<0.01) (& 4c), 5 CO2 Has
TR (r<0.1) (F 1. E4d),

R TUAESONEA T 28550, He &8 0.031%~0.047%, T3 0.039%. &8 &5 DRH TGS

By, HESHBUMEAELTR, 2 RIFMRES RIS Ll TE5E, 2023). 8 SRH TUA SN TR R

I



R SR R ER SRR S, B DRSS9 T (Dai et al., 2014), 7ETE RO E R4 A N4l AL 78 2 3¢
WA A R E R T RUE I BCE B He Bl s i SEFHRBRITT AR, B4 He E2N TUE UE G JE i3k,
LA B RRAE o WG U DR P 2 B SRR S P (Wang et al,, 20205 FRHT %, 2023), EUHZES A He
SR APTERAEE. [ RIUET He 5 No MRIESS, WREHZMIER B H%, MR AR
AIFEMES, ERHEEHIRRAR. 2RAKES T U, Th 2%, ZuiEsinzEh. Zraa
JR AL UL B B BAL B DI A R (R I 2%, 2023), S22 IR S I 20, LT 2R 158 32 2 A R
G SRR SR L A S (BRI, IR T MRS, Rk Ny & BRI
S A LG KT TR 1o He YR CO2 N AT CH 1 73§ K/ ML (42099095 0.33 nm, 0.34 nm A1 0.38 nm),
MRS TR &N (B2 0.26 nm), HABIRINSEMEANY HilE, He 5§ Ny W Bl RAFEZE . =,
AUREE LR R G, BRI R RS R A, EANEE . BRIAb TS

VU1 24t LATE IR AR SR AT P2 U R UEAE IO AR B N . B RE, I rh s A BB R X 2

EAHM IR, DHMBEE R, S8R, Wl TEZ2H M. o bh-I R R e b 2
FEHREGE N 0.04%, RRERN [ RITUK, SRR, BRETLAMRKE.

128 Ve iid AT A1 RS SIR9 SR LA ~ NE
I 1 f

e [ {1
0 10 20km oy FATH e
w A/\"[‘,‘ =
= Eas AEEAT K2R

R3]

mm T E D

Mg —— >~ g s A

IR TR MG TR &, A-B. C- D)Lhriu - @
KM E AR
et I

BERA R 11K R L T
S H s R 3.31% L:
HE KA {LEE: 63.35g/L

}LJ II\H 156.3g/L

b 4T M i WAL B T8 3 B i I IR Il LS IR I 3

Ko mERITHARRIERRES He FHLE, 25 (P UKEE, 2015; XIMREE, 2015), A2

Fig. 6 Characteristics of natural gas and He accumulation in the Dengying Formation of the Sinian

ZAEREN AR ERE OME- S AR (B 6, RIRANETFATE, #2NETEAR
AWM B EZE, fERBARARES, RMAITREA RS EAE HKEAKRE, XAEE 203 I,
BEIR 204 £ X AN & SRR A FiF K (R4S, 2019). R ERAEZ R B RE Sk, MK R



1.53-1.67, "I [F) #A IR GF A7 57 A . e A BRR X RIER R KRR T R0 (B D, BHf
FRERGEAFE, I E K TPV R ) He BERIAPEARIE 8 2 0 s A kIR Hh e e LGk B, a1 k%
20-M SRR SRR, SRR MR AL R N RIS, A AR S R R 2 A (B85, 2017, X6
AR, 2024). U5 AH AR R WA SR AN, oM BIIRN AT o R iR L R SR R AR R T IR,
BLAZTE R 0.021%~0.064%, 11179 0.04% (BERS S 51-59) . J5ih weiiffl 24 T RE Al 5 ZAL S0 70 i
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Fig. 7 Correlation diagram of gas components after cluster analysis in the Weiyuan-Ziyang area

42 F I XR[BIFESES

55 1 2RE U S5 25 1R R AFAE ST T He Ml (0.2%. 0.26%1 0.32%) (K 5¢), Ny & & KA

WEEAE 7379008 2% A0 8% (1 5¢). BT ABTFTIN Y, RARSH Ny A FISROREZIN B8, No DA B IS R IR

BRI A R E AR, TR ARSI Ny B IR N 725, 2005).  H1T-RIRAE 7E AUA- i LA R B AR
JRIFT N (85 Bl H AR T 3%(TEMS%E, 2014; 21155, 2024), HEMIES 1285 SRR N2 bR T A I8
HRE R, IME 8% s R EIL A SIS R A K TTHR

AEEMNAE WA KAWE, Pearson HIEAHT B8, He HES No SR EWMIRIEAX (r=0.837, P
<0.01) (W4c), 5COoHFEERIEMK (r=0.662, P<0.01) (E4d). Ak, CO, & ES Hos AN, £
SRKFERRMK (r 38 0,609, 0.574, P<0.01) (R Do REZEHMBTLEME, N2 5 He A MhRSCH
FBLA RS, FEDUR A il &K LIRS R A8, & v] Al 2K B 4, T el 28 <M (Brown,
2019; ZE €5, 2023; Cheng et al., 2023), FHER VT He 5 No & B M IEAHCRE . NS E 1Y)
Hugoton-Panhandle <, FH & tH 7 F i KIS, He 2 & 7E S /K S AL % i (Brown, 2019). {5 Vi) 75 Hi 2 /K7

AT, HROKIFEAE R RR P A ITERT 1%0A 31 M. HEid 9.226%(Zhang et al., 2019).



XHIMRER T KRS 5EANERSE, QENERSE 0 FEIRAE TR KR 2B, RS
PRH COL [RIFE AR EF R AR SIS A8, B H /KRR, RN 0 78 K % B iy I8 B IR A8 (111 SLIL, 2025),
RULIR RAR IR 7 1] CO, i BB AR (T %%, 2005). INZ BRI EL A VIR AT 774 CO,yy FEURE
He 5 COy & 8A — & IEAHR, (HZLA AR R He~Ny KR 2 W RFECH .

I RZ 0BT He FIRERFCURRE, AR AVTRABYSUE CRAELTUA . S KA, JERE 2K,
He 5 Ny & AL Je 38 53 27K S AR 1 FEBUCAERAEZUE R T, 2 FLBR B R T i
R, K UAE A HORIE K SN ) 1E B T I8 2R AR b (Milkov et al., 2020; 2RI 14E, 2024). Xt
TEAA CTRESEMNT) i He & S FmAE T 7 —Hh X H IR ARS0B TR 1D ARA R K
(1) 1o BRaze- 3% BE - B A TT R

RO B DAL DY) AR R, R A AR - PRkt Bk A AN B S B, R T B - B
RIS R AN O G TE R BRI AU e 5, T B SRR I T SR I B AR AR
45,2015; BEEAE, 2016), MBI —~BER—) 2 HiG, R A PG R K SORET RS (8 6), Bz
HAZIX AT S 2H R f v o, PR FHIEEIT 4000 m, 7% HUR TR = BE U IX 7 221K 500 me RV IE T 5%
HRIR TR Z K ZE B AR, HUE N R X BRIR Eh A = h A & & ik 0.342%, He 5 Ny &
HAMKYE, AHUNRR R ZXRURFELL T R AR e csf b i b s 20RO, &
FARY P HIER RIS, WOV RERMBES IR (R4S, 2016, 8155, 2017), HASEEREK,
R SEIE N B SRt {p 0%

G REAT SRR SR 1T RA SR, He N 0.15%~0.342%, P15 0.231%. SZHE IR ESEH], B
AL IE N AT S R AR SAFAE NS IR AR ST 1 KV B B B A%, /K ASTERE T I 2 B0V RO G A 45
2015; Jib#EtE%E, 2023). WA BRI HR — M EA G RAKIMES, A4 m A 895 m, Mt i s
RAL SR AN 25%, “UBEA G — R B RS SRS R IE SIS S E 2 A AR AR
—EMREETE, He HrEMEMIE ARG, —HRKT 02% (Weill7 AR TR 3 81k 0.404%, Weil06
N 0.315%, Wei30 4 0.342%), A BIA S AW (BEEIFZARI M EON 0.12%) . BT AR Buz
SRR AT B R B TR, WIS T IR SRS B R I S eSS, 2022), &
RIS R BRSO (LA D haBEE I TR AE T —kigk, BAAIRE S H T KM TAE
FIOR, MTIHHER T 42 2 v th K He A1 No,  EAEJS HHEE N TS A e 35057 96 s J5E 1 5 4 P

TEBHRE BLRAT 20 AR [ 8RN IR AUIAE Sl o B2 PR 0B T A i bR, 5 i <
AR, [FONERATSF AL DU AR Bl R RN T BB R, BIHAMBEA 1 2R20, et 1. %3, &
7 (RS 45, 47, 50); A MRASE, WK 2. B 5. &6 H (G546, 48, 49), T KA

TRBAREAL, AN BEE, FhSERS, TR FTTEN 0.01%~0.04%. 1EZ RN



Bl RAE TV ™ REH (BT 5 9. B 6 ), ALTRIBmREAL, WS &I, 209 82%~88%, Ny &

N 4.17%~11.88%, He & H, 1E 0.2%~0.32%2 [,
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Fig. 8 Distribution of helium associated with natural gas in the Dengying Formation in the Weiyuan-Ziyang area of Sichuan Basin
5 B K SIS U], B POV ER B S TS (B 5645, 2024). 8 SR EMIEEs) 2 /7, PHLIX &
—ANESERE I VR B - o P AT, o U TR B, B AL TR AN . S SRR, A AR I v
BERETE R4 T IR, B f-6000 m $A T EHLA-2400 m 5 AL R B W BRI SR THIEEE /N, H1-6000
m i TH B I A-4000 m(PVKEE, 2015), BLTE 5T K A %A KA, AN ARG — B, AEIRERAL )
%L 3 HXERA/NEN, HAARSES (H8), SRXA/KAHSEA—, EEMANMm, Bk
FIREINZE R SrRUERE, LA T PR RIR RN €A, 2023). T HE A S) TR
FIRALIET, B INZ e RKE) 1, &R A XM B E Ak . BERH A A RE TR B AR B U, T
FEA AL R TH I R eh TR PTG L AR T AR R, (BRSO 5 X BRI 2 A8 BOE”, K
SRORBE R AR R BB AU TR AR GBMTE B A R P e . RETERL, S N8 LR
(E D, #MREKEAAEEL, REATUEE He & No 1 ITRZ U
(2) “ZE=BRIEASH
FHNERVHLOITF R ESIH =S R (85%). [ ZSH=BFR (100%) AlJI|FEESH=2
£(80%), Jy ML A [ )
i

i, e & 82.57%~87.28%, T+ 86%; Co+ L FE G & &5, N 3.41%~16.52%,
SEWATIE 12%. RAIRSIES

DERER (0.01%~2.75%) F1 ALk (0.03%~1.50%) Z5ARE 54Kk, He 5 &



fiX, He 54 0.019%~0.039%, 44 0.032%. JIlt 2 E X UGG K & KR & URIRILEBE A R
J, RIRAR A A HBE R (B4, 2017). RRIRE -2 KEF IR B &8, IR A -2 LB
RBHE, RN BAUREB KA GBI E . A5 — Bl UL B i, fEMit s, IR0 8
B mAEAEEOKE (B9, AL LG —UKIH, TEREGBAL K R, HEfATEr] 2)
K. FFIAEHLMRTUE . KA G E S MMh =880 DA RIR S SR A, 5 DT
KRB XEARGH, SERKE, EaErEy BB, srGEd ot Ui g sl y, Nt
XAUGAMHRIR A 5 e & B, FRR OB LA~ A, KIS UEANARIER, HRiX 4
T JE WK SE, 2007). LXK AT kR VR R 1 P s b b, EARA R L, UKL B R
HE R T AOT B R AR, (AR A TN He AR FIS IR T38I8 . BLA S0 4L Z KA
s, Z7E150 g/ L~280 /L, FEFEREDE T, AEMBRE T @i LEHZKZ R TR HZ K
ROAESH. mEHEEBIT, HZEAMERS, MR, & HE Wbk H5, 2009).
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Fig. 9 Schematic diagram of helium accumulation in the Triassic formation in Anyue area

4.3 FN LR SEIFES ES

SR N = S B EUIC He MR 70BL 7 A2 Hos Al CO S5 RIE SRS &, Hos BRI
7.56%~15.73%2 18], T35 13.82%, CO» & & F 454 9.24% . He & & 1E 0.0056%~0.0284% 2 [, F-15°4 0.0141%.
SRS Hey Now CHu 355, AL COp & BAFEMANEME . RIS CHy & 8- P10 74.22%,
JUFEAERE. He SEEMKHYES No &R EMIEAHK (r=0.646, P<0.01) (£ 1, E 10c), HAHIHEAS
JEURE o AR SR AHOC RSN, TIIZRSVEON 36 1L R A UE DI 5 s B

JZRIEE A N E & Hos (AU, WACRIET & R REAR GRS, 2NZeBE =85 KN-
AL KAEHMEAFL A A2 A R R SRR R SR & SRR A -5 M A B A SO T
W (J-K) TR, RG-S (K-Q) 457 TR, RAE TSRS
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T COr AU AFTEXUIE HLEL 10% 49, R CO» MG IS, S BUR AL AL Z AR
EHIRJE/ER] (thermochemical sulfate reduction, fAIFK TSR) . MBIEARMEEIRIERA T, BRSH)Z PR
PR EHZRAE MgSO4 23 0 AL IR SN R, &4 TSR ML E & Has. CO» &l S 44 (Huang et al., 2010;
XA, 2014), RIS FE B BRI A 2 SR 2 VA i U E B0E, KB KRS,
SR Hey No A MR 5 00 b, R 8 BB i, 2501 Hos M1 COr S EAHIE, RS
SO PN B T, TRAR LA 2 B N E (R E A, 2009). MFEMAEE. FEAIRRK R ER, EORREE
PRSI S AL AL T, L SIS SZ KR o [R5 PRV AR DY B — o 3 Bl e H
AR AiRE, WERRREE (B 10a) , B RRUARIE B KRR SR 2 BUR . RAR S 4
WAL IG, 211 TSR B HF 8 B A (XS04, 2010), S50 CHy SRRIMEAK (COx Ml Has) &2 UM%
(E 10b)e F—T7 M, BRBRELAE AT Mt )2 /K (G5, 2024), 7=A B i K (LB R n, 3R
Thi, SRR K.



5. g

SR Danabalan et al. (2022) f&HNE S ZUER. IR, st RERAF S ok 2
SAFTT e 2R IK S 08 (Danabalan et al., 2022), ZEJHAEIEREER b, ZUEARE SR, 0F) & ) =
SRS HE R INAE B -2 i SRR R AR SRS R 70 AT (Zhang et al., 2020); AR A KTE SAERS . U-Th JBUR 1%
TCR A BARE W He 42 % % (Ballentine and Burnard 2002; Zhang et al., 2019); % JEA[FH #IH2/<&
VA U P2 7 ) 3 A% R LT 2% PR (5145, 2023); T E S BRI AR I He 45 B IR () R M0 20258 MLl SV URAT
7% 71(Zhang et al., 2021; Cheng et al., 2021; Wang et al., 2022); FIFHZ . AR T HEBLEL S Hrfe 3 Sk oc
FHAFNLRRHIE, MR T T ECE R R S5 He-Ne-Ar 5 N, (194318 1% i (Halford et al., 2022). {HH T
MR R FEMEAREE A IR, BT ARSRIE R AU SR EIR A%, AEBDER R IR RN I s 54 20
AHETEMAXRINE QU T R4 EIRAF].

IR, AFIR TR AR OERRAH, zEFRRARNTH, RHiE#HEER He

AP T M S AR A R A R @UUE UL W S R R e IR AL TUE AU He, &0 7RI
HESEE He AAEUR, FHHTUA Uy Th 2484 He HHIAR R, R4 R He MBEE R @F CrERE
AL NIRRT 2 =S R H, AR A AR R, A SRS R, BRI
Boz, MPOKEAE G MUIERE U R URT-FE He & &R, HAFmR&: TR
X, fifZBAECE, AHMNE Hew No#h7e, ISIAIAT IR B A5 .
5.1 |REHAESEK

T AU GRS, AR RO AR T AR BE (R, AAEAESE A e, X DA
BOP R RR IR T SR MG T S e R, IR R B AT ) He SRR, X—d MR RigH
EREE, He M N ATLAH UM Lig#, sRCKIEHIEEE, JFAEHRACREER L . TR AR A B Bl 3 <
FHo M8 HIEMRA He F1 No I T KBk CHa CO2 55U, He Al Ny 22056 [RIAZ A T /K A it 53 N
WSS, B2 18 i (Barry et al., 2017; Halford et al., 2022). SV EELLF/KIEZMREE . H Rk

B LR ERRI LG KIE R R T I A RIS AR 2R EE, Weiss (1970) FIH] He.
Nav Ne il Ar 25 IRTE 2K i VA SR 230 B0, @S 1 PR 1Y Bunsen 78 REBEIRE 7 Hb)Z /K ER %
S HIERK R (Weiss, 1970) (B 11a) , HAS4K Bunsen ¥ REUE XUNTE 1 atm JEJT R IEEAE 1 em? 4f
IREGER KSR, AL BN SGRER, WA SRR &R TR, BERENK,
He. Na. Ne Fl Ar [R5 R B 6080/ 5 38 RIS I ELAE K Hh i) v fidd P2 I i P 398 o i 2 184
K (B 7a) . Smith and Kennedy (1983) ik 1 7E 0°C~65CHLE . 1 atm JE /1% F, Ar 7E¥%/KF1 NaCl
KR VARRIE, SHRRY, BEE RN, Ar PVARRIE R ERK, FERIK (25 wt %) IR EL iR



KA 0.14~0.25 (B 11b) o ARKIEFTERL, HEN/IN T EIK) He £E MR K IR AR 52 [RTRE B 26 152 58 T ik
/N, BRI R K He ¥R FEAR. SRR UL B2 BT IR B, DURRR RS HRR,  d 3 K
1 H P e B AS ) He BE R UK, e DLORAE R B ST S AR AR 2E R B KA (K 2B
FHRVER L ER, ARIRIE AR EEAMRAA R D BRI g T R T MK S EAR NI A, AR
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R e P VY | G S 1 -0 2 S oy B RS — 2 U DL o 1 oty BT SR2 AL R AR U 1 2 /K BRI A FL B IR «
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fMizz: )2 SESEED KIE

CH, CO, | Hs | N, | He
PS5 X 3% Btk FERE | RIEE R/Ra | HERIE |71

(%) (%) | (%) | (%) | (%)
1 B IlEED Weid2 €l | €y 87.73 1.36 10.07]0.1831 2
2 Bk 1) Wei72-2 el | €egq 87.78 1.56 9.96 0.1982 2
3 Bk 1) Weid6-1 Zd | €q 83.16 1.86 0.1 0.2234 21
4 R e Weis-1 Pm | € 91.78 0.94 6.49 [0.1116 1
5 gz IED Wei36-1 €/ | €y 86.7 1.32 10.810.1889 Wang et 2
6 Bk (1) Wei71-2 el | €gq 86.71 1.24 10.92|0.1891 al., 2020 2
7 B e Wei5 Pm | €q 83.25 1.65 0.1 |3.26]0.108 |0.022 2
8 ARz e Wei2 Zd | Eiq 85.63 1.62 0.1 |833] 025 |0.021 2
9 Bk leE) Wei23 €l | Egq 83.69 1.47 8.14 | 0.262 |0.021 2
10 ARz e Wei27 Zd | €Eiq 83.28 1.76 0.1 |7.81]0218 2
11 gz IED Wei83 Pm | €y 93.51 22 321 (0.115 1
12 gz IED Weiyang36 | Pim | €4 94.08 2.02 3.65 | 0.098 1
13 B e Weid3 Pm | €q 89.26 3.89 6.2 | 0212 2
14 ARz e Wei079 0 €.q 85.58 6.02 | 054 |752]0.175 2
15 ARz e Weihan1 0 €.q 84.23 7.84 732 | 0.167 2
16 ARz e Wei005 €3 | Euig 85.39 645 | 061 |724]0.183 2
17 Bk 1D Wei026 €xs | Euig 88.35 467 | 044 |6.21|0.183 2
18 Bk 1D Wei052 €xs | Euig 86.79 6.07 | 041 |6.41]0.179 2
19 Bk 1D Weihanl0 | €25 | €ug 85.6 5.83 7.01 | 0.232 2

P,
20 iz D Wei093 €.3 | Eugq 86.98 5 0.62 | 7.08 | 0.191 2ol 2
21 B e Wei089 €3 | Eig 86.3 5.92 0.1 7 10177 2
22 B D Wei088 €3 | Eyg 90.25 358 | 024 | 632 0.15 2
23 Bk 1D Weihan1 €3 | €ug 88.45 4.52 6.38 | 0.185 2
24 Bk 1D Weihan1 €l | Egq 86.68 6.02 6.51 | 0.174 2
25 Bk 1D Weihan101 | € | €yq 90.45 1.68 736 | 0.217 2
26 iz D Weihanl01 | €,/ | €q 90.71 1.67 6.91 | 0.205 2
27 Bk 1) Wei93 Zd | €y 86.03 5.17 7.44 | 0226 2
28 Bk 1) Wei93 Zd | €y 86.02 5.05 7.6 | 0242 2
29 Bk ) Wei93 Zd | €q 85.82 4.63 8.51 | 0.295 2
30 Bk ) Wei2 Zd | €q 85.07 4.86 131 |833| 025 2
31 Bk ) Wei27 Zd | €q 86.7 5.04 1.36 | 7.39 | 0.305 2
- ot e 45,

32 B 1ED Wei30 Zd | €Eyq 87.21 4.12 1 7.33 | 0204 1999 2
33 Bk 1) Weil00 Zd | Euq 86.8 5.07 1.18 | 6.47 | 0.298 2
34 B 1ED Weil06 Zd | €Eyq 86.54 482 | 132 |626]0315 2
35 Bk ) Wei23 Zd | €q 85.44 475 8.14 | 0.262 [0.041 2
36 B 117 Weil06 Zd | €4 | 8654 482 6.26 | 0.315 0.013 Nietal, 2
37 B (JIrE) Weil2 Zd | €y 85.07 4.86 833 | 0.25 [0.021 20t 2




38 gz IED Wei27 Zd | €y 85.85 47 7.81 (0218
39 gz IED Wei30 Zd | €y 86.57 44 7.55 | 0.342
40 B (JIrE) Wei39 Zd | € 86.74 453 7.08 | 0.273
41 R e Weid6 Zd | €y 85.66 4.66 8.11 | 0.252
42 R e Weil00 Zd | €y 86.8 5.07 6.47 | 0.298
43 B (JIleg) Weil06 Zd | €iq 86.54 4.82 6.26 | 0.315
Z,d | €y I S=E N
44 Bk (1) Wei28 87.25 404 | 097 | 733|026
1989
45 I D Zil Zd | €y 93.59 431 | 076 | 122 0.04
46 I D Zi2 Zd | €y 88.23 3.49 417 | 0.09
47 BERH CIE) Zi3 Zd | €y 92.2 566 | 0.83 |0.97 | 0.009 TNy Ak
48 BB IEE) Zi5 Zd | Egq 87.57 0.01 11.88| 0.323 1999
49 % e Zi6 Zd | Eygq 82.05 6.59 | 1.37 |9.670.201
50 % e Zi7 Zd | €Eiq 94.22 349 | 091 | 1.1 |0.032
51 AR Ol GS11-D2 el | €Egq 89.27 1.86 0.1 |7.62]0.0891{0.013
52 | EAE-EERE O GS12-D4 € | Egq 92.14 1.89 0.1 |4.69(0.0207|0.027
53 | EAB-ERE O GS18-D4 € | Egq 92.6 243 4.13 | 0.038 |0.018
54 | mAR-ERE OO MX18-D2 €l | Egq 90.11 2.56 0.1 |6.32]0.0682|0.028
55 | mAE-ERE O MX8 €l | Egq 97.25 0 0.85 | 2.68 |0.0593|0.022
56 | mAE-ERE O MX39 €l | Egq 98.89 0 12 |0.79 |0.0639] 0.03
57 | mARE-EE (IHD MX201 €l | Egq 97.15 1.54 0.95 | 0.055 |0.011
58 AR IHD MX9 €l | Egq 97.25 144 | 0.17 |0.98 [0.0579] 0.01
59 | mARE-EE (IHD MX10 el | €gq 97.4 148 | 0.17 | 0.91 [0.0594(0.012
60 | EiAB-ERE I GS3 Zd | €y 96.54 2.12 1.65 | 0.78 | 0.02 [0.037
61 AR D GS19 Z,d | €y 95.01 3.7 02 |0.67]0.022(0.016
62 e JIZED PG7-1 Tf | P 76.66 8.45 | 13.85 | 0.57 [0.0083
63 W ED PG7-2 T.f | Pi 77.66 852 | 12.79 | 0.6 |0.0069
Wang et
64 Ty AR PG7-Cl1 T.f | Pid 78.83 9.83 7.56 | 03 |0.0079
al., 2020
65 T AR PGS Pych | Pl 82.12 6.89 | 1.44 | 0.007
66 W ONED PG9 Tf | P 76.28 8.66 | 143 | 0.5 |0.012
67 e JIZRD PG9 Tf | Pi 77.06 83 | 13.65 | 0.9 |0.0057
68 = JIFRD PG9 Pxch | Pil 72.96 11.54 | 14.29 | 1.05 | 0.006
69 T ) PG9 Pxch | Pil 72.67 11.18 | 14.94 | 1.12 |0.0056
70 e %O PG101 T.f | Pid 76.24 845 | 14.43 | 038 0.014
71 S ) PG10 T.f | Pid 76.69 8.56 | 13.96 | 0.09 |0.0081
7 e JIZRD MB4 Tf | Pid 67.31 1631 | 12.73 | 1.15 | 0.02 31
73 e JIZRD MB6 Tf | Pi 73.85 767 | 142 | 128 0.024
74 T JIFD MB6 Tif3 | P 75.17 8.45 | 14.96 | 0.87 | 0.023
75 T ) DW1 Tf | P 73.42 8.86 | 1573 | 124 | 0.019
76 e %O DWI Tf | P 50.01 32.26 1.36 |0.0065
77 Tt A DW1 Pxch | P 66.68 1.7 | 153 | 1.21] 0.02 31




78 T JIFERD DW2 Tf | P 74.95 10.04 | 14.6 |0.89 | 0.017 3
79 oI Q1D YB2 Tax P,l 92.46 3.63 2.64 | 0.01 1
80 JeI Qi YB2 Tsx Pyl 87.67 0.49 0.39 | 0.02 2
81 Jal JIHD YB2 Tsx P,/ 98.07 0.29 0.48 | 0.01 1
82 Jeil JIHD YB3 Tsx P,/ 97.94 0.1 0.02 | 0.01 1
83 oI Q1D YB3 Tsx P,/ 95.56 0.59 1.12 | 0.02 1
84 oI Q1D YB4 Tax Pl 97.46 0.35 0.68 | 0.01 1
85 oI Q1D YB4 Tax P,l 97.86 0.53 0.53 | 0.04 1
86 el JIHD YB6 Tax Pl 97.34 0.5 0.78 | 0.01 1
87 JEHL I YBI11 Tsx Pyl 98.35 0 0.27 | 0.01 Epligess 1
88 JEHL 1D YB22 Tax Pyl 93.88 0.23 2.76 | 0.02 2013 1
89 JoI Q1D YB22 Tax P,/ 98.21 0.67 0.36 | 0.02 1
90 gl 1D YB27 Tsx Pyl 80.71 1.43 0.01 21
91 JoI Q1D YL1 Tax Pyl 96.82 0.85 0.86 | 0.02 1
92 eI 1D YL2 Tsx Pyl 96.35 0 224 | 0.01 1
93 JoI 1D YL3 Tax P,/ 98.39 0.29 0.25 | 0.02 1
94 eI 1D YL4 Tax Pyl 94.83 0.42 131 ] 0.02 1
95 JoI Q1D YL6 Tax P,/ 97.71 0.64 0.31 | 0.02 1
96 eI e YL7 Tax Py 98.08 1.01 03 | 0.02 1
97 TG g Wei202 Sl Si! 99.27 0.02 0.01 [0.0228{0.019 1
98 I G R N201-H1 S\ S/ 99.12 0.04 0.3 [0.0187[0.016 1
99 JIFE A% Ty Ning211 S/ Si/ 98.53 0.91 0.17 0.0353(0.013 Dzloe:l" 1
100 I G % Zhao104 S/ S/ 99.25 0.07 0.15 [0.0253]0.014 1
101 I FE M g YSLI-1H Si/ Si/ 99.45 0.01 0.03 0.0258[0.011 1
102 I FE M g w201 S\l Si! 98.32 0.36 0.81 [0.04990.025 1
103 JIFE M g w202 S\l Si! 99.27 0.02 0.01 [0.0246(0.019 1
104 I e i W201-H1 Si/ S\l 98.67 0.34 0.75 [0.1253{0.022 1
105 I G R NH2-7 S/ S/ 99.1 0.03 0.44 (0.0465 | 0.007 1
106 I TG % NH3-2 S/ Si/ 97.94 0.36 0.29 [0.0368 | 0.008 Cooetal, 1
107 ) FE M g NH3-3 Sil Sil 98.23 0.07 0.36 |0.0425|0.021 2018 1
108 NFE e i NJ3-4 S\l Si! 98.7 0.24 0.39 [0.0426(0.009 1
109 NFE e i NH3-5 S\l Si! 98.76 0.35 0.18 0.0451{0.028 1
110 I e ThiE N2-1-H1 Si! Si! 99.04 0.32 0.44 [0.0425(0.009 1
111 Wk O JY1HF Si/ Si! 98.81 0.25 0.28 0.0367 | 0.01 1
112 Wk AR JY2HF Si/ Si! 98.75 0.38 0.24 |0.0407(0.011 1
113 wE JNERD JY3HF Si/ Si/ 98.51 0.31 0.55 0.0435[0.011 1
114 Wk OIED JY4HF Sil Sil 98.45 0.56 0.4 10.0352{0.012| Wang et 1
115 wE JNERD JY6 S\l Si! 98.51 0.3 0.6 |0.0393]0.011] al., 2020 1
116 Wk O JY7 Si! Si! 98.66 0.22 0.5 |0.0429(0.012 1
117 B OIED JY8 Omw | Si/ 98.37 0.51 0.46 0.047410.012 1
118 B N JY23 S/ Si/ 98.59 0.3 0.46 0.0309| 0.01 1




119 wikg JHNAERD IY27 S\l Si! 98.56 0.34 0.46 [0.0335| 0.01

120 wikg JHAERD Y42 S\l Si! 98.61 0.33 0.44 |0.0421{0.011

121 R ONED IY12 Si/ Si/ 98.44 0.51 0.4 |0.0385/0.012

122 B OIED JY12-3HF Sil Sil 97.95 0 0.98 |0.0466 | 0.011

123 R JNED JY1HF Sil Si/ 98.7 0.24 0.4 ]0.0386(0.011

124 wikg JHNAERD Tl Si/ Si/ 97.8 0.26 1.09 |0.0387|0.013

125 wikg O T2 S\l Si! 97.82 0.29 1.07 [0.0419]0.011

126 wikg JINAERD T3 S\l Si! 97.71 0.26 1.19 {0.0388]0.014

127 R JNED T4 Si/ Si/ 97.77 0.25 1.14 {0.0389]0.012

128 W A T5 Si/ Si/ 97.78 0.25 1.15 [0.04580.011

129 i OINED T6 Si/ S/ 97.76 0.52 0.97 [0.0321{0.007

130 wkE O T7 Si/ Si/ 97.75 0.32 1.12 |0.0368{0.012

131 wkE O T8 Sl Si! 97.72 0.32 1.12 {0.0405| 0.01

132 wikE O T9 Si! Si! 97.79 0.28 1.1 |0.0401]0.011

133 W OINED T10 S/ Si/ 97.74 0.31 1.11 [0.0409|0.011

134 B 7R W3 T,/ Si/ 97.96 0.34 0.74 | 0.009 |0.014

135 B 7R W88 Cah Sil 97.02 1.38 0.86 | 0.022 |0.012| Nietal.,
136 BT 2R w120 Coh Su 96.4 1.19 1.65|0.044 | 0.01 | 2014

137 BT 2R w127 Cyh Si! 92.02 529 0.32 | 0.012

138 BT 2R Wo5 Tj Sil 93.97 0.29 0.76 | 0.008 | 0.01

139 BT CZRD Wol4 T,j S\l 92.4 0.46 0.78 | 0.008 | 0

140 EbER 7R Wol7 Tij Sil 98.3 0.03 0.63 | 0.01 | 0.04 Dzloe;;"
141 EbER 7R Wo50 Tij Su 97.82 0.88 0.25 | 0.029 | 0.02

142 AT CIEAY) Wo58 Cah Sil 97.13 1.44 0.66 | 0.018 | 0.01

143 &I %D IN10 Tf Sil 96.19 266 | 025 |0.64 | 0.01

144 &I A 131 T,/ Sil 98.12 0.77 0.76 {0.0063

145 S A J44-1 Pxch | Sil 87.15 321 |0.51]0.0122

146 S ROLES) Pl T/ | Sid 96.07 254 | 035 |0.75(0.0157 Wang et
147 S A ) ) Pxch | Sil 94.42 405 | 065 | 0610015 al., 2020
148 SiIE IR 143 Pach Sl 90.98 6.43 1.71 | 0.61 [0.0113

149 S QA J68 Tf Sil 97.15 1.66 | 023 |0.71 [0.0207

150 S QA 132-1 Coh Sil 92.63 1 4.6510.0947

151 HEpuge %D Tong4 Pach Sil 99 0.13 0.49 | 0.023 |0.026

152 wEH JIH Leill Coh Si/ 96.26 0.37 2.21{0.079 {0.017

153 LHBE %) QL7 Coh S/ 94.37 2.68 2.43 | 0.067 |0.009

154 BEBE JIFO QLI13 Coh S/ 97.25 1.48 0.63 | 0.026 [0.017| Ni etal.,
155 GHEIk JI1H) QL24 Coh Si/ 94.44 3.52 1.47 | 0.055 [0.024| 2014

156 FHE JIF) Leill Coh Si/ 96.26 0.37 2.21 | 0.079 0.017

157 WHEE ONFED Guan2 Coh Sil 97.29 1.24 0.22 | 0.022 | 0.02

158 WHEE ONFD Guan4 Pim Sil 98.09 1.24 0.2 | 0.09 [0.028

159 WHEEE JNFD Guan10 Coh Si/ 96.92 129 1.07 | 0.029 {0.011| Wu etal,




160 s IR Feng6 Cyh Si! 97.32 1.09 1.08 | 0.039 |0.006| Ni et al.,
161 s IR TD1 Cah S\ 94.63 1.24 3.58 | 0.036 |0.015| 2014
162 kxm A Zhang? Coh S/ 96.75 1.75 0.83 | 0.023 |0.009
163 kxm ) Zhang9 T.j Si/ 98.81 0.04 0.71 | 0.018 |0.007
164 kx5 OINE) Zhang23 Pych Sil 96.7 1.82 0.66 | 0.015 |0.007
165 KibF 117D Chi4 Pm | Si 97.78 1.07 0.43 | 0.022 0.008 erm”
166 KithF A Chil8 Coh Sl 95.97 0.75 1.78 | 0.072 |0.008 o
167 KithF JIUAED Chi26 T.j Sl 98.54 0.05 1.09 | 0.043 |0.002
168 HEW %) Cao5 T.j Si/ 98.15 0.02 0.88 | 0.045 [0.011
169 TR %) Caol T.j Si/ 98.08 0.02 0.96 | 0.047 | 0.01 | Nietal,
170 WA JIED Ban4 Pych Su 96.72 1.47 0.6 | 0.011 {0.011
171 R IR Ban5 T/ | Si 97.8 0.61 0.69 | 0.012 | 0.01
172 WA I Banl6 Cah Si/ 97.1 1.17 1.02 | 0.04 |0.018
173 fEEE JIUAED Chengl3 Cah Sil 95.63 2.53 1.12 | 0.03 {0.005
174 HERZE JIFRD Chengl6 T/ | Sd 98.09 0.24 1.23 | 0.031 {0.004
175 el QAL Tied Coh Su 97.51 1.11 0.31 | 0.037 {0.034 W;:I:I"
176 X QA Shuangl5 Pych Si/ 97.91 0.84 0.63 | 0.15 |0.011
177 AMESE JIERD Xiang6 Pych | Sil 98.19 0.11 1.02 | 0.048 |0.011
178 AMESE JIERD Xiangl4 Cah Si! 97.28 0.23 1.5 | 0.07 [0.016
179 HMESE JIERD Xiangl5 Pim Si! 98.28 0.22 0.84 | 0.037 |0.014
180 HESE OHFD Xiangl8 Coh Si! 97.34 0.2 1.52 | 0.068 |0.014
181 QI D) Y151 T | Tax 83.61 0.64 1.43 | 0.036
Wang et
182 224 Ol Y101-7 T | Tax 85.67 0.58 0.1 |0.82]0.033
al., 2020
183 285 D Y101 Tax Tax 81.87 0.82 2.19 | 0.034
184 25 D Yuell8 Tsx Tsx 85.47 0.28 1.38 | 0.028 |0.014
185 25 D Yuel06 Tsx Tsx 82.99 0.2 1.28 | 0.019 {0.015
186 2 D YuelO1-1 Tsx Tax 85.36 0.38 1.24 | 0.039 {0.014
187 2 I Yuel2l Tax Tax 67.89 1.65 19.94| 0.036 0.012
188 22 i) Yuel01-9 T | Tax 86.75 0.63 127 | 0.03 |0.011 Nietal,
189 I\l (ildn) Jiao57 T | Tax 90.99 0.41 0.25 | 0.018 0.016 20
190 AN 1D HC106 T | Tax 89.28 0.21 0.39 | 0.031 |0.013
191 AN 1D HC109 T | Tax 92.54 0.15 0.31 | 0.032 |0.013
192 AN QD HC001-2 Tsx Tsx 89.87 0.16 0.41 | 0.027 |0.012
193 =Y INGIIED; HC125-15-X2| Tix | Tsx 92.26 0.21 0.71 [0.0353
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