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Abstract: Thick layers of anhydrite and salt are deposited in the Middle and Lower Triassic strata in the Sichuan
Basin. The rediscovery and transvaluation of polyhalite associated with salt, which has been called “a new type of
polyhalite potassium ore”, has brought widespread attention to this mineral in recent years. However, research on
this type of polyhalite has focused mainly on the aspects, such as the mineral development characteristics and
genetic types, etc. Studies focusing on high-resolution analyses of the sedimentary characteristics and evolution
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of the surrounding strata and its control on the formation of polyhalite are rare. Therefore, in this study,
microfacies and high-precision sequence stratigraphy analyses were carried out using core data of the continuous
coring target interval of well CXD1. Fourteen microfacies types were identified and divided into six microfacies
associations representing different sedimentary facies zones with different energy and environmental characteristics
ranging from restricted to evaporative platform. On this basis, according to the vertical development of
microfacies, stratigraphic thickness and typical diagnostic interfaces, four fourth-order sedimentary sequences
and multiple fifth-order cycles within them were defined. The results implied that the primary polyhalite
associated with salt in the northeast Sichuan Basin was obviously affected and controlled by sea level fluctuations.
Specifically, it developed mainly in the superposition period between the end of regressions in the fourth-order
sequences and transgressions of the fifth-order cycles. The evaporative condition in the former provided an
important basis for the formation of polyhalite; however, the external seawater replenishment provided by the
latter was the necessary condition.
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Simplified regional geological map of Sichuan Basin

(from HUANG et al., 2019; Gong et al., 2021; Shang et al., 2021a)
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Table 1 Types of sedimentary microfacies of Lower Triassic in Puguang area, northeast Sichuan Basin
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Fig. 3 Macroscopic characteristics of cores in well CXD1
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Fig. 4 Microscopic characteristics of cores in well CXD1
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MA4: 7&K & b = 8 s

ik A A EEE AR M- B 1,
A Z L AT WL 2) o 1A R
-nA(MFS, & D)RITEZR S 280 45 5 (MF6, £
1)2 R R, A 55 B V4L T00RR A8 1130k 430
FHE MA3 MMM RE T RRE, B
V- H B R R 2 S MAS IR EZE, HUE

BIE SR MEREAOFSSAsAEXH,
FEI IR B K ELZ (] 3, 4e), HEZLIBEAH A
FARBL S, UiBKSh TR AR, DAEROK TR &,
MF5 KA 7R 76 161 T ) LU SO S i 8], 5 R
B £ 3 S5 40 10 2% Kk & M IR RE TS WA DT R (248,
2006; Warren, 2006; Shabafrooz et al., 2013; FE K%
8, 2015), GEFENHLUZFEE 40 K258
Wi % 75 16 8 5 AN BR 48 WO IR BEVS BT DT RR (1R 45,
2022). 43 b, MR BAMESUZEEMN FRE -5
TEB AR ER G- E RIS TR,

MAS-1: 7&K & B

ik ZUTBAE A LT S A B2,
Z 5% - TLB ORI R 2R (K 2). FEmaE A
(MF7, £ DFI& R/ E A (MFS, £ DAL, ol
K-SR ZHOR, A [R)J2 078 B AR LA K,
TEFVU-TURTR TS MA4 FHR MR H 2,
JERERR, RJEHZATA 33 m, [0 2R, 5
R K & MR W DT B O 41 A (MAG6) HJZ B,
AL —KFNHOKE

FRAE S R 3 2o B B 2 A S i HE B
fE(E 4g), HHEWTHETORUR I, B0k R 45 2 /i 3%
o i IO 7 RS R TS, Al 0 s e A B sl 2R
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FRAEFE /R JLAY (9 2% & & HoTE WA DTFY (Schreiber et al.,
2000; & F44E, 2006; Shabafrooz et al., 2013), MF7
rhE B2 R A B Wk B EAOK 3 IR, I
BEAE 7R 3 Bt 5 [ (4B VS W OMORE RE 5, 2008; 2B K
M, 2015) . MF8 HHfifi A7 8 5 A #h H 2k (K 4h), H
— B IR B2 L IR EITIRL(E 2), BT g
R W 7 1 TR

MAS-2: 2% & H % i 40 TR 3 8

R fE)EH 1 I, 542K a TR e
AR R FALE 3 006.5~3 060.5 m 1 359.5~
3388.5m ZIAIHY AL A EERT T JZ B 2),
ZUTRMWE LR ZBA RS, FEAE
(BB -24 K0 41 4 (MF9, 26 1)FIER Tt g 47 78 -
A A4 (MFL0, £ 1), RICN AR 584 E -4
AR, B AR DS BN otk 5558 bk i e 20 &
B TE AR A 8 - 2% 0 A0 o R 2 R TR (B 34,
3e, 4i), Jad# ZHERI N K AE -5 00 A BUkL
Hh ) e ER L (B 49) -

AR5 AR R B SE X B 2% 1k A DA AR R
FEJG SCETE R ), 5 3Ok S AR R i 4 A
ANTE], by B R R Ay — R GO R A, 8 s e T
FUE 5N MR RIRRAE . 45610 AR 24 A i i 2%
PFEIBESE, AR AR 2% 1 a2 K VR 4 31 A SR TR
MrEr, LR T RER K Mg, M40k ca> i
SO, Mg ARG B0 T FEFR I v 55 40 ER AR A 8
e pf A A B GBS T2 %, 1987; Peryt et al., 1998,
2005). MF9 5 MF10 — i3t siEfefn & 2 n
YU, IR K B MA6-2 TIBUMARS R Z 5, AR
BT EANSEY I, WA R TR B IR 2%
i A FVE A B A 1, (ELERL Ay i K ) R AT 0 1)
17, AERWAT BB, S A FIRSE A 18 18 1
%, fERZ R AR T —F TR (E 2), 1F
EEE, DAk AR &, AR
b, ARAETTR A b A v 2R BT DR e )
AR BOW DA A B R A R R 2, 2 A AR,
X ] BESZ AN A A (9 K i o0 22 SR8 . AR AR SE
(2015, 2021)38 2o 5250 W 5 UE B 24 S0k b 25 %5 W
Ca? i i, s B -0 4 8 - 2= i A 2L R
RIS, RS W AN R B ik A AR LR,
M FE L RT Y A ARRZ R . 25, MFS-2
FeR 28 W A LRI 28 & 45 HUER TR AL 1o B2 Hp v A T
KB BITTR

MAG6-1: 7&K &5 #ER i

R IZ AR L F e DY - T B H R
AR, IR E B TR R, R B
BIAHRMELL, £ DAGEAIRMFL2, £ 1), &
AR R R PR JRL R A P LR A A v B R, I

FE5 MAS WA G R TIRRHAR E R LA A2
LR 78 & 5 Ho B - AR W i AR TR 76 55 Y-
Bery BER, ) S DU 2 R B RS s A TR R
IR B 25 i A A H AR B I 2

FEOE SR A 0 OB A — 2 1 BB (R
JER S AE AL B (B 4k), IR T 5 Wi ik
N IR R SR GG DR ) A B SR R I 5 5 SR B e e
—RRTTTE , JR R ) AT £ 2ty AR AT R i S
DA RAE 5 08 W P b ) L {RATh AT BE
22 )5 I i B HU A # 0 2 B eI . HLEAR |
FERFE A N FAGIEN] MF11 8 T8k G R i
5 FF A %) R 150 TR (Warren, 2006; 22K %4, 2015),
MF12 a3k B I A8 10 B A2 R B 5 3 8 IR iR it
fll(Warren, 2006; Shabafrooz et al., 2013), HJEM
FEPTRUR 50 m, &A% T R 28 L R ORI iy 6
TR .

MAG6-2: 75K 6 2% pa A ORI ER )

AR 5 MAS5-2 [A]J& T 4% i A U TR A
KR, HMHE 2, METAEL . TWA “H#
R A7 ZEB(E 2), HEMAE-J kA
HER(MF13, % 1)FUE 7 -2% 199 1 A £ (MF14,
& DILFH M, 2R,

FRAE S5 M RE RS - 20 o A R S SR ) DU 53
A1 PR 5 2 W1 i A= 1) 24 o A T 240 0 ) A 12 0 3
R, ARSI A AT, A8 R )2
MIEEATE (K 30 HROMFFER MAS-2 2540, [F)
FEUESE T F A0 Jii Az LR (B 41) AR IR 245 v,
FER R ER, ZR A 22 LU/ A U B TR AR
DL B 40 5 SRR B (MF13) A3 A tE A Eh v, BRI &
T ik MAS-2 Hr 8 2 1) 41 R DR B B TR A A1k ) o
PN, Ao k-2 i A =B 5 W R 46 e [ A s 1)
ER I R B BL (32 A, 2020; Gong et al., 2021).

4 PR

ZEA VIR A A R AE A 2 S50, w AR
AR At X L = S i g Y- LB DR DA ZE & 6 HlL-
R & #b ok F (I BI3AE, 20105 BREIE S, 2015; 28
K26EE, 2015) AL 2f DURRARRIE S AR A A% 241
AR FNR 53, ST TN AR A M X 5 DU - BB
B (E 5) o AN [R] AT AR GO 248 Y DA 37 v — 30 i fK YR
KE, R T 32V AR A Sty [ e 2 W] 52 e
(9 7K Bl 1 BE & A KR A 0 22 5 M (Flingel, 2004;
Warren, 2006). i1t b iR TTEHOR K AHZH A B4 41
fEREAT LA t, R B IX B2 B ZE R & i
PIBUR E, B F G . BRI,
Jay B 5 O AR S A R M n iz AR D R
KN RIR & & NERK-= PR S, £ 1),
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IR 5% A3 OB 5 2 /2 0 4 T A DB R &
B & B A6 5 AN AR G % i EL AR AR P AR -
MIPTRRAEE, 456 3158 54 1 )2 M TR E L R AE,
B AR R JR PR 5 e T2 48 UKL MEDT R (MAL), &A%
WFIE 79 PR DU RE B f i o S5 T (R TR AR
2 (Fliigel, 2004; 5 448, 2006), [1 k7 161 76 =)
PR A K - 2= FRUUR FR (MAR), IRJT RV EA A Y
IKARZRH, AKARES B & AR, KBl 2855, EE
JLPFARET, Fob A /DR IER, A0 EERNE
nt, SORIKE. RR SRk Gt R E
HE-mFIB(MAS), A5 S A S AR
TERM E AR, A FRMHENE, IEHE
2 G A A= WS VAR N O
(Schreiber et al., 2000; Warren, 2006) ., 2k £k [i1] it 5 1],
BRI AZE R G TR EE, FE 58 R BR 5 Hh i
i, HERE B REHI(MA4), WIUZRTTL,
P LA RS2 B0 ) 1 B 108 BH LAk K 3 ) g b AR 55 1Y
TR DU (%54, 2006; Warren, 2006)., 28k & i
B ITTBI(MAS-1) DL B L 1R A8 5 05 h/3k
JB A M FRIE, AT WS ERAAE, AR
WERR, UK ZE R R4 R AW, ik
AR TN BB B, (R 3267 1 8 K ki K i
RALFE M, AR T LUE A DU 32 0 B B (BR
fiBAe, 1983). %, K/KAEKBIRKBE, HFiHhAE
ZE R B HER IR (MAG-1), LR & A B
B ER R UTRR R, JHEA AR AR, H
T 7 8 LA [ A% B SR B2 77 e SR T, Ry
F 50 T2 08 5 245 IR 3 B el 1 T B
I, 6 AR A OB 3, AE B A 30 0 A i
IR R E A=A, RIUAK A S AR AE
A= ()15 L (MAS-2/MA6-2), 454 A BF 5% v ik
it LA BT AN 2% A R RIS, TA R AR 1 2% 14
AR K KRB R TR B, nz KL Mg?*
FEMZE R DTS AW s 5, LT AES R Ca?t
M SO; MWAMA Z IR A DIRLMIAG, ¢ F B 13
WHTE G SO BAR IR A

5 BFH#E

R AR X UTRUF 51 () A4, S
R S BUFR & £ 15 R 1Y 342 3 a7 BH B 28 58 A PR 4
FELASREN I 28 R AR, kT LA AR K i 28 & TR
Bz, W BT, vTRENUZ LK, whnT RLF
WY I 55 I 10 32 30 S T, T 4R AR . R R M DT AR,
R, 58 8 A OB 22 SO G 55 1 32% 3 19) lk BR 3k
TIBUA R AL, FEZR R A -IRIRFR TR R B &
FEOUH I . B P 9 ¥ - 1 AR K (Tucker,
1991)., TEABFEH, AR Strasser et al.(1999)

P& b B A — @ AR L B AR T A T RRAA
RNBFHZAE . AU T )27 35> £
TR ARR 1 T o A R A2 e TR . AT
A 32 K0y 15 17 S RS- T A A B Ssg ), H 2B
B AZE K B HATUTRR Sk 3=, (HR LI B 2 25 R
BERE, 2V Rm BN E i m, 280
B AR Y S 2 2A & ) B - R B R TR R A TR
e, FEAHE R G K = A TR S, AR
RIANE AT -/ BN TIR U , T L
W, 165 Y- BOU R 2 R Y 4 TR
JZIF, syl

SQI1 v FAMF G Z B (5 N #B(3 337~3 591 m),
B 3 MRGSIER, EZERMAE S, Ak
= A A A SR DTV AR 4L, T8 T 28k & A T
P, TR EEHEZN T EES
(MF8)Je i )28 [T A Eh (MF 12, 150 BH 2 s 3
R G TR, ) bR Kz AT L 5 25
B (MF6) N 3, W18 T+ SOt BUR S 1) J=) BR
BH T IR, FAoh IRk S s -E TS e
= P UL A B i AR A ) LLE (MF8)- b
(MF1UMFI12) B )28 3, 487876 F i sh fi 2k &
FAFMILRERT, DR R 78 K & HE i)
53R 9228 & 7 (Tucker, 1991; Warren, 2006), 1E£)Z
JF BT & B 4 A S A SR s i AR A,
JBFAMIE ) “HRA K AR N2, %
BeUOR b 2% 0 A AH DG IO RR D B B b B - 2% A
(MF10)FAE 4 8 - 24 ) A A 3 (MF14)h &, H Y5
TeRZE R G B WU (MF7/MF)F17% & 4 Hith il
PUR(MFID) AR B 2 R F, LR 4R R
W28 R R

SQ2 i FAMIZ B3 210~3 337 m), fi
2 ARG, ZBEAZE & G AR TR £,
ASUAE YR G 3) T B0 (1 ¥ A OB M 8 )2 1 T UL
o R UTRLLE SR TRUN 3=, (AR5 & 21
R, £ R AL (MFELDS &8 A (MF12)1)
WAL, TERICH AL B )25 5h 8 4 (MF8) ., 7E 5
KIFZ VIR, K& 2K & HUE W5 500 i 4 2k
gl), FI R F S BT Hh/E T A (MEF7/MF8)
TEABRMFI)SEEEZEE, R I AR
NEZ S A (MF12), SR XE R E 9 8 0 TR,
AT W SR B B AR A . B R A T T TH Y
Bl SR IR, (HIZE R R AL T 5 S A
Xof R 48 114 7% 65 b - R IO RR IX (B2 T 4%, 2015
BRI 2015),

SQ3 i FAM 5T )2 B iy B3 000~3 210 m),
W 4 DMRGGBER, Bk FaS T NFEKR G R
WA E 5 B 5 B 2 FPUTRUMAR S A . R
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AR DB - R )28 T AR (MF L) R 8 5 46
(MF 12) 32 3 J2 35 38 A (ME8) 45 /18£8 8 f T AR A
TR oL Oy - JEE )2 O /R U 5 (MF7/MEFS)
B ZEH A (MF6) S F 9 5 A #h (MF12) DT RR AR
fiE, f8/8 28 K & o 1 80 = 8 BT s 1 6 I0 R
(Schreiber et al., 2000; T ~Z4E, 2006; Shabafrooz
et al., 2013), FERKIFZUIRUY, FEIIRSR AW
W5 ) 2 TR A (MF V)RR 4 UK &5 K /IR R =
(MF2), JELUEE N E, Wi FEENERZEE
Horp, $8R RR & Hu 5 A MERT K -2 FETTRR . 11 B
iR, WAL N LA B 25 & & HUE I AR 1 i AL R
2R FE, IFRA DR R A TS W (MF6),
I, B AR 2 2% o A LB (19 28 % 5 R -3k
WA K B % & (MF9/MF10/MF13/MF14), J& T4
W “HMAE Ay bR, ZEF RN
ErUURU AT YO B e ) A Il 3 B AR X ¥~ 1T g
SR AR,

SQ4 i FAMF)ZE M TER(2 880~3 000 m),
5 2 DR BRBE R 1 AN IR BE R, 4
W B LURBR & K -2 PR (MA2) R BR- 25 % &
3 PEAT B - = PR (MAS) B2 N o 76 Nl i
RUUBAT UL B R -2 75 (MFS), ) g il
H5 SQ3 f Kz UUAL R EE ) R B & b T R R
(MF1/MF2), fEHF RIS = B A = i A
(MF4) 5 5 5 47 8 Wk 4t B i 11 = %5 (MF3) 28 BT
o, AR AT IR R 2K K G 2 - T R R
DR T 5 2R 8 - 2 2 (MFS) FIE A 8 A (MF7) .
AR Bz )2 T 5 HALZ P A SRR T R, 8T
A 5T )2 B Hp g S T 5 5 A9 B ) (Tucker, 1991;
Warren, 2006),

6 Wik

R4 78 & S 25 R, 2% i A 2 T DAFE DT BLA
FRak Bl — OV T i BB 0 (R R AR, 1982;
BRIR, 2015), FLi if 5587 10 #1255 H0UR 52 56
R LB, 24 WA 1E Na*, K¥, Mg, Ca2"//Cl", SO;
-H,O AN TG F AT B DX S A o AT, R S i S
B 45 A B (AR AR S, 2021), A Sl o KBS
LR, A WF ST X 2% B A LAORLBR 1 EE e Ry
F, FEAEZW R — R 1 SUZ R R 4R TR
ZEA (L 3d), PRtk, TA R X P Y 2% i A DA AR
Fo I AT S AR K A MEARE, SRURRR
LR Z A — S H 30 B0 i T B i s AR %, s
HERER HBUZ AR B (& 3e, 4g), HLIFL T
R AR R UE o E A AT UL R R 2% 1 A A SR
RE, VAR AR R AR s R (B 41),

X P G R W 5 IX 2% k0 A B DL AR TR &
R A A /i 3 o R b 1 52 AR TR 4 v
A7 o X 5 R DU 3 DX LR A 51X 4% i A R R A
FEHJINHI—E (Zhong et al., 2020; Gong et al., 2021;
Shang et al., 2021a),

L KR R LI AR B, Al f Ve KA 2%
R Gk R ME LA 2 i A 1Y, R, A A B
SRAT DLE o SR AR DURE B, (R 200 2 — 2 [ A1k
WA S IV, 2014; 2R, 2015; 2R R4,
2021; FUBEE, 2022), JIARIGHE X AR 24 0 4 A B
PR IR A 2 DAART T A A2 B o 24 11 Ay PR 22k ) S
[, 254 St/S %5 [FIAL 2 AR 43 LIRSS, J1 4R
b H X 24 <0 A IR R OK, B2 ke
A 5K I 52 e (R 528 48, 2021) IR, WK TERG
I ) 2 BERD 45 1T BB 44 14 A RE 5 LR T L G
G, LA, 2R i A0 VT v e [ S A A X VST 1
AL AT BRI 2 K A R B R —, &
BRIV AE R —rp = B R LT, BT
XA 32 SRR, DU G e L = S i AR K
F s, WA TRE(Vail et al., 1991; BR%
A, 2015), A2 20 5e4s R0, )14
R =EMRERILALET 2~3 =92, —F
WA R, 7 — B =B R & i £,
M 5% B A DU - B LRI B 5 H R 28 & 15 1ok
e, &A1 mT R 43 B A = e [l (R 48 1 %,
2015; B K%, 2016); 5 — Pl s ok ok 5 0B T
BTk, B R EHR EME 3 =%
DURUIE B FRUTRL (B A B %5, 2010), X ATRERE T
FEBRVT AU TR O 4l 2 (] FERR R 4 /A — 80T
o A EAR F R - H BN R T 1~2 A = Z0iE [l &8
SUURR, B, AR H R 4 DNEFNZE T
SRJEF NG Z Y, ik — AU 2 R
DAL/ IN A JE ] D) Xo) 17 F LR 5E [l [l B, SQ1 5 SQ2
Bz k G TR S, HARIR E iR, Xtn;
TR PR, SQ3 LiZEk A E:, HIF
AR PR G HUTRL, SQ4 HHUII LR R £ H iyt
NE, kEEEHE ST, FIEE AT —
A= G0 I R (E 2), X5 ERETARNEF
Hu Z BTSSR T HEA X b

A58 2o 15 R B 1 2 T L2 BT R B, A
CHRZRE AT RS AT SQ1 Al SQ3
PR AR, A E BRI B, BB Y
TV BT S BN ZE R G 1RO R 85 F T 2
A S5 A i A 28 R W A O IR AL T A R B 3
SR, Wk, 2exi A 288 B E IR T E
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Fig. 6 Formation model of Lower Triassic primary polyhalite in northeast Sichuan Basin
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