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Formation in the Kebai fault zone, northwestern margin of the Junggar Basin, and
their geological significance: Evidence from LA-ICP-MS zircon U-Pb dating of well
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Abstract: The Kebai fault zone is a critical area for the Late Paleozoic tecto-stratigraphic evolution and hydrocarbon
exploration along the northwestern margin of the Junggar Basin. The stratigraphic assignment of the Carboniferous
volcanic rocks in the fault zone has long been a controversial issue. The volcanic rock sequence encountered in well
Baiwu 21 within the Kebai fault zone, previously assigned to the Early Permian Jiamuhe Formation, was selected as the
research object. Integrated lithologicalassociation analysis, LA-ICP-MS zircon U-Pb dating, and seismic profile
interpretation were conducted on this sequence to redefine its stratigraphic assignment. As indicated by the research
results, (1) the volcaniclastic zircon U-Pb ages obtained from two tuffaceous sandy conglomerate samples of the volcanic

rock sequence in well Baiwu 21 are (311.9 +2.2) Ma and (311. 6 + 2. 2) Ma, respectively, indicating a formation age

%5 H #:2026-04-04; 1& 8] H #7:2026-08-17

FE—EEBE N R A (1989—) 9 W e A S0, Al 2% . E-mail : yzq@xju. edu. en,
BEEE B IEFAL(2002—) , 55 BB AR Al 5%, E-mail: 1582185309@qq. com,

ESWB e LR IR K RINTEA FE4 10 H (2023TSYCCX0002) ; FrmdE B /R [ G X BHE % B H (2025A01010) .



1580 £S5 KRR R F47 5

of the late stage of Late Carboniferous and reassigning the sequence to the Chengjisihanshan Formation (C,c). (2) The
rock suite is dominated by amygdaloidal andesite and basaltic andesite, exhibiting subalkaline, sodium-rich, and
potassium-poor geochemical characteristics that are regionally consistent with those of the C,c, but markedly distinet
from those of the Jiamuhe Formation (P,jm). (3) Seismic profile interpretation confirms that this stratigraphic unit has
an angular unconformity contact with the underlying Lower Carboniferous Baogutu Formation (C,b), mirroring the basal
structural boundaries of the regional C,c rather than the sequence stacking pattern of P,jm. Consequently, these multiple
lines of evidence justify the redefinition of this volcanic rock sequence as part of the Chengjisihanshan Formation. This
new insight resolves the long-standing controversy over stratigraphic division in the area, refines the Late Paleozoic
stratigraphic framework along the northwestern margin of the Junggar Basin, and provides fresh chronological constraints
on the closure timing and tectonic evolution of the western Paleo-Asian Ocean. Furthermore, it opens up new strata and
horizons for deep Carboniferous hydrocarbon exploration in the northwestern margin of the Junggar Basin.

Key words: LA-ICP-MS zircon U-Pb dating, geochronology, stratigraphic redefinition, Chengjisihanshan Formation,

Kebai fault zone, northwestern margin of the Junggar Basin
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Fig. 1  Tectonic location of the Kebai fault zone along the northwestern margin of the Junggar Basin (a) (modified after reference [60])

and enlarged local geological map of the kebai fault zone (b) (modified after reference [61])
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Fig. 2 Comprehensive stratigraphic column of well Baiwu 21 in the Kebai fault zone, northwestern margin of the Junggar Basin

P m' V. B ATA —Be—EB; P jm! Y. F B AT B B Pm. T BRI B Ce. ARG BT

HEEIR TS BRAGHE o A5 32208 KK, B UL
B IR W) A AR SR IR R S A
JRr il UL Jo S 4% IR AR R AL (1 2) o %A A
A5 D B G T L BB K I E G W)
5 T 5 3 3 14T ) % LR AT 2 DA AP R 1R K LA
ER AV AR R E RS

3.2 BEHALA-ICP-MS £/_%MitE R

AP FE XS RE A BW21-1(HEPR 1 523,25 m) FIEE
il BW21-15 (3 3% 1 530. 10 m) ¥ 4> #E 5 iF 47 LA-
ICP-MS %5 41 U-Pb [AI37 28 4F o B4R FE & I 30 4~
S IR 2 ) 0 A 22 38 R R T 90% 1 A Ak
MR,

FEfh BW21-1 2 2 BB AIERAIR BN T
50 ~ 180 pm, K/%8 b T 1.1~ 2.4, % (Th)/8l (U)
SR HEEE N T0.36~1.07(>0.10), Th& iR
(11.77~271.61) x 10°, U & #& A (32. 80 ~ 349. 73) X

10°°(52 1) H1-206(*"Ph)/4l1-238 (**U) [Alv R 4F I3
AT 339. 00 ~289. 57 Ma, *Pb/**U M AL Y 4E# Hy
311.9 Ma = 2.2 Mal V- ¥ 45 i AL i 22 (MSWD) =
2. 70 |(E 3a) ARFIZEHZ 1 e R UTRUAF

FE 5 BW21-15 (85 41 2 Ak, A 550k 2
JEE B, KL A2 A T 50 ~ 160 pm, K/%8 LA T 1.1 ~
2.2, Th/U L5 H , /i T0.36~1.07. Th N
(11.36~593.75) x 10, U & & K (32. 55 ~ 593.75) X
10°(FR 1) o ™Ph/ P UAEHRE A T 331. 77 ~ 294. 34 Ma,
20Ph/ASU AL Y AE#E A 311.6 + 2.4 Ma (MSWD =
2.10)(El3b).

A A o A A i L 3 AT AR 9 R (R 4) , T
W Sk A o3 A i, 8RR A IR R R R
22 N EHE A TR A A VS R R B (181 3) AR ER
B Hb 0 ) ST TR TR B[R] . PR AR 4 AR
SEHAENRE A 311.9 ~ 311, 6 Ma, J& T F A BGE Cye, 8 -
TR &GP jm B AR 15 DR Bl L



F41 %

A B

EERIIESIPS

CEEMP R X HY "0 fSEELINHY %% FLOT-H dduo; *90T1 Ude: FSETMHY Nee P8ETE Nger *TECT Uleer THE N UL il TAd TR

1584

80 '66 9Ty T °56T 99 71 86 'L6T SS e 1°00C 0 S0°0 900 s€°0 10°0 S0°0 870 98 69 69°¢e | Lev | 0€-SI-TTmd
86 °S6 €0°SS 88 'T6T 92 91 91 "S0¢ €7°56€ L 26k 0 S0°0 80°0 $€°0 10°0 900 050 9L "6S 8S°6C | 8€'v | 8T-SI-lTmd
9 '86 98 °L9 €8 767 1l 88967 11789 v 881- 0 S0°0 10 LE0 20°0 90 °0 8€°0 68 "9 6L L1 ¥TT | LT-SI-TTAd
9L 66 sze sszie $6°6 6L 11€E 66 °L6T T 911 0 S0°0 S0°0 LE0 10°0 S0°0 %0 IL¥81 | LE'S6 €8°€l | 9z-SI-TTMd
19°€6 $8791 Loeve YTL S0 €z€ Al 86 ThY 0 S0°0 20°0 v°0 0 90 °0 09°1 S6°1LE | SL'E6S | 60°S8 | ST-SI-ITME
86 Se oy 9 °LOE 698 1°€0€ 19°1¢y S€°€6 0 S0°0 S0°0 9€°0 10°0 S0°0 15°0 6€°8I1 | 96°65 | 6S'8 | yT-SI-ITMd
S1°16 SSvL L¥ 06T 7881 69 '81¢ 1°9%9 L'69- 0 S0°0 11°0 LE'0 10°0 S0°0 €0 €8 °6¢ 9¢ 11 LS°1 €C-SI-TTMd
€596 68 "0 $9 56T 2001 8T '90¢ L8 vy 6106~ 0 S0°0 90 °0 S€0 10°0 S0°0 o S6°871 | LL'T9 | TL'6 | TT-SI-ITAE
€1°€6 £9°79 ¥ €TE 60 PI 9 'T0¢ Tr8LS SI1 0 S0°0 600 v°0 20°0 90 °0 LY'0 TLvs 99°6T | 8¢ 1z-S1-Temd
89 '86 9S ‘v S Tee 6Tl 8°9z¢ 86 €1t 8 €SI 0 S0°0 900 6€°0 10°0 90 °0 1S°0 81°€6 veoLy | T6'L | 0T-SI-lTAd
18 %6 96 '8T 6€ PIE 1L 88 '867 €992 €°LT¢ 0 S0°0 00 LE°0 10°0 900 €9°0 11°€8C | €F°8LT | 98°TCT | 61-SI-TTMd
SLT6 80 1€ 90 "T€€ 8701 9 °60€ 9€ "8+C 70 "60% 0 S0°0 ¥0°0 6€°0 10°0 900 8€°0 €6°6TI | 8F°Ly | €1°L | 8I-SI-TTAE
€226 69 "L 9 "6T€ €SI 88 "S0€ €8 °06C 88 '9TS 0 S0°0 900 8€°0 10°0 900 860 T9°LS 91 "€€ €1°S | LI-SI-TTmd
62 '86 LT'69 1§ €le €€ 1 ST 80¢€ 96 '1T§ L€ 80T 0 S0°0 10 v°0 10°0 90 °0 v€°0 T€ 8¢ vI€l 861 | vI-SI-I1TAE
L8766 60 €T 90 'T1€ 689 L9°01¢€ 26061 89 V€T 0 S0°0 €0°0 9€°0 0 S0°0 850 €0°V6E | LI'0ET | LTVE | €1-SI-I1TAME
56 $6°L9 T6°T6T 8791 S191¢€ 9¢ 'TTs €9 96T 0 S0°0 600 9€°0 10°0 S0°0 9¢°0 S ze LL'TT 06°1 TI-SI-lemd
76 €6 97 €T 19°11€¢ Ty ol LL TEE ¥ €T L6 0 S0°0 ¥0°0 S€0 0 S0°0 06°0 6€°TEL | TI'6IT | 18761 8-SI-Tzmd
6816 6v '€9 0 "16T SSLL €L791¢€ TL 868 SN 0 S0°0 600 9€°0 10°0 S0°0 0 €6 '6€ $8°0C 9°¢ L-S1-TTmd
L6 S€°0¢ 6 "10€ €8 6 "60€ 19 '10€ T1 98 0 S0°0 00 S€°0 10°0 S0°0 8t °0 16°TLT | 1€°€8 Ly T 9-SI-TTMd
8 76 8 7S 60 '6LT €161 € 76T T6 679 69 08¢~ 0 S0°0 L0°0 v€°0 10°0 S0°0 60 (a4 1S°1T S0°¢ €-S1-TzMd
L8766 85°€9 9L °6T¢ A 69 '91¢ 1719 8% "Ly 0 S0°0 800 6€°0 10°0 900 8% 0 6€ "0S Leve | 99 T-SI-TTMd
L1°L6 8% €S 69 'S1€E ST ¥l 6 '¥Te IL°LLY 11°LTT 0 S0°0 800 8€°0 10°0 900 70 60 °L9 96T | 8r¥ 1-S1-Temd
926 89 'T¢ €€ 76T 1$°6 20 "€0¢€ 91 "LLT 06 "06€ 0 S0°0 ¥0°0 8€°0 10°0 900 LY0 €€°L61 | ¥1°T6 | Tyl 0e-T-TTMd
TLT6 10 ¥§ LL'LYE L9°S1 81 vee YT SSy s LTE 0 S0°0 800 €770 10°0 90 °0 9% 0 9109 0L°LT | 6L'Y 6T-1-1TMd
L9766 ¥S Ty 6Y 76T TLel 9% "$6T 8L 60€ 66 11€ 0 S0°0 90 °0 $€0 10°0 S0°0 0S 0 1199 0T €€ sT's LT-1-TTmd
€L°T6 66 9% 00 'S€€ €5 °G1 8T TIE 02 "00% 91 "vov 0 S0°0 L0°0 170 10°0 90 °0 or 0 98 °€§ LS'1T S0°¢€ 9z-1-TTMd
0L €6 L9°1L 6L 96T €981 YL9IE 0T '8¢¥ 6V 69T 0 S0°0 01°0 LE°0 10°0 S0°0 S0°1 08 'T¢ 9€ "pE SIS ve-1-Temd
IL°L6 68 °0T 86 SI¢€ 8¢ '8 76 '80€ 0S "$91 99 '9v€ 0 S0°0 €0°0 LE'0 0 S0°0 86 °0 98°9LT | 19°1LT | L9°6E | €T-I-TTMd
60 'S6 11792 8L °T6T 98 06 "LOE $6°LST 9S I 0 S0°0 €0°0 €€°0 0 S0°0 16°0 18°1€ | €0°TIT o€ Te-1-TTMd
98 'S6 9L 6% 10 '86T 76 €1 L8°01¢€ 99 79 60 "vrT- 0 S0°0 L0°0 9€°0 10°0 S0°0 €5°0 90 'S§ 6T | vTv Iz-1-TeMd
6196 YT SL €5 °8LT 98 'S1 LS 68T 8T 6TS L6 SS9 0 S0°0 01°0 S€°0 20°0 900 9¢°0 8 7€ LL°TI LL'T LI-1-TzMd
79 76 SL°TS 10 26T €6 ¥l 09 '80€ 9S "6LE 9 "0T€¢ 0 S0°0 L0°0 S€°0 10°0 S0°0 LS°0 90 "6 08°LC | 8T 9I-1-TTMd
86 16 L6719 0F "68C TL9l 0L +0¢€ S8°L19 Ly TT- 0 S0°0 600 9¢°0 10°0 S0°0 050 801§ 89 'ST e SI-1-1zAd
9€ "€6 L8779 1L°98C L1°ST 01 "L0¢g $S 089 9 'vTT- 0 S0°0 80°0 €€°0 10°0 900 8€°0 €9 'S 61 Ll €8°C vI-1-Temd
11°66 sy S1°00¢ S0 ST 65 'SI€E 6 "60 8€ 6L 0 S0°0 90 °0 9€°0 10°0 S0°0 %0 S0 °€r €9°L1 18°C TI-1-1Tmd
SL 96 €0 61 98 '8¢ 1€°g 78 '80€¢ L8°9S1 L9 8€€ 0 S0°0 €0°0 LE0 0 900 8€°0 €L6YE | ¥6°TEL | TSI 01-1-TTMd
TL7S6 L9 St 56T 6€ 81 L9 '80¢€ 92 "S09 S g€~ 0 S0°0 600 LE°0 10°0 90 °0 70 €6 0 Trsl 98T 6-1-Ttmd
99 76 S 8y 9y "LIE ss et 8€ 'S€€ 8S vS¥ 81 8T~ 0 S0°0 L0°0 8€°0 10°0 S0°0 0S 0 86 6L 08°6€ | 9L'S 8-1-TtMd
8196 6S 1€ v LES LL'TT €0 °ST€ T8 87T 76 "TEE 0 S0°0 00 6€°0 10°0 S0°0 L6°0 9€°SST | O 'IST | 81°TC 9-1-Tzmd
80 L6 08 "€€ 68 '8¢ 6L 01 00 "6€£€ 9¢ '¥8T S0 "€6C 0 S0°0 S0°0 0 10°0 90 °0 L0°1 TT8LT | 86°061 | 99°6T S-1-Tzmd
9L 96 LSvL 76 °S6T S 61 18 °S0€ 1€ °98L 98 "8yT~ 0 S0°0 11°0 8€°0 20°0 900 170 08 '8¥ 60°0C | 8L'T p=1-TTMd
7€ 86 6€ 7S 68 °0T¢ 68 €1 86 'SI¢ 6L €Sy 69 'STT 0 S0°0 L0°0 6€°0 10°0 S0°0 70 L9t 1L 761 96 '€ e-1-TzMd
1896 SL61 86 Vi€ ¥L ST S0€ 9 "€LI 6S "StE 0 S0°0 €0°0 LE°0 0 S0°0 LSO 0S 91T | 6L7€TI | L9'LI -1-Temd
L8°L6 66 ‘1t 79 $0¢€ seel 9T "11¢€ 62 "€0¥ 43 0 S0°0 S0°0 S€°0 10°0 S0°0 09°0 €7 €L SO¥r | L179 I-1-Ttad
Ty E 0 Ngee/Ud 0 Nge/Ud o 0 Ad oo/ Ud 102 %o Ngee/Udon; % Ngee/Ud o %oF Adgoe/9d 10 Ngez n 4L ad £ m,_m_‘—_::
P/ T el NS E Ml o 01/ 500 )
uiseq J1egsunf ay)

JO UISIBUI WI9JSIMY)IOU ‘IUOZ J[NeJ [eqdY] 9Y) Ul [ nMIeq [[OM WoJj djerowo[Suod Apues snoddejyn) snotdjruoqie)) raddn ay) 10y saSe ordojost qd—) uodz SN-dDI-VT T 2Iqel

HAHETE -0 B SN-DDI-VIZH@E Y HEX G T HICTELERESGIENE LB 13



555 o4, A5 MENE K Z 0 DY AU 2 vw 11 W B I A1 ettt Ll G ST L AR R R 5 1585

0070 |2 0070} ®

0.065 - 0,065

0.060 - L
g - 0060
- :
2 0055} £ 0055}

00501 0,050}

0.045 - 0045

| |
020 025 030 035 040 045 050 055 020 025 030 035 040 045 050 055
207Pb/235U 207Pb/235U

B3 MR R P L2 ve 1 W 2R 11 2 21 1 b A G ST LI BE K ST DR LA-ICP-MS $i 47 U=Pb [F) {3 2 PR AIAT 13 141 i
Fig. 3 LA-ICP-MS zircon U-Pb concordia diagram for the tuffaceous sandy conglomerate of the Upper Carboniferous C,c in well Baiwu 21,

Kebai fault zone, northwestern margin of the Junggar Basin
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Fig. 4 Cathodoluminescence (CL) images of representative zircons from the Upper Carboniferous Chengjisihanshan Formation (C,c) in
well Baiwu 21, Kebai fault zone, northwestern margin of the Junggar Basin
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Fig. 5 Cross-well seismic interpretation sections of the Upper Carboniferous C,c in the Kebai fault zone, northwestern margin of the

Junggar Basin: (a) across wells Baiwu 28, Bai 119, Baiwu 21, and Baiwu 23; (b) across wells Kebai 1, Bai 107, and Baiwu 21 (see

Fig. 1 for the section location)
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Fig. 6 Nb/Y-Zr/TiO; lithology identification diagram (a) and Th-Hf-Ta volcanic tectonic setting discrimination diagram (b) for volcanic

rocks of the Upper Carboniferous C,c in the Kebai fault zone, northwestern margin of the Junggar Basin
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Fig. 7 Planar distribution map of the Upper Carboniferous C,c in
the Kebai fault zone, northwestern margin of the Junggar Basin,
delineated in this study based on new insights (modified after

reference [61])
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