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Abstract: Influenced by multi-phase thrusting, extensional tectonic movements,
and the plastic deformation of mudstone, shale, and gypsum, the deformation of the
Biluoco oil shale stratum (BLS) in the Qiangtang Basin is extremely complex.
Additionally, controversies surrounding paleontological fossil evidence and isotopic
geochronology have severely constrained the understanding of the lithological
assemblages and their temporal attribution. In response to the intricate structural
deformation of BLS, this study conducted detailed structural observations and profile
measurements. Based on the thrust-fold system, the stratum was traced and correlated,
dividing into three segments with seven types of lithological assemblages from
bottom to top. Zircon U-Pb isotopic testing, along with zircon structure and genetic
analysis, was performed on the sandstone of the lower segment and the basalt of the
middle segment, yielding maximum depositional ages of 166 Ma and 154 Ma,
respectively. Integrating regional context, it is concluded that the age of BLS ranges at
least from the Middle Jurassic Bathonian to the Late Jurassic Tithonian, with the top
possibly extending to the Early Cretaceous Berriasian. The determination of the age
for BLS provides new insights for hydrocarbon exploration in the Qiangtang Basin, as

well as for studies on sedimentary tectonic evolution and oceanic anoxic events.
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Fig.1 Simplified geological map (a), distribution of oil shale and faults (b) and the Early Jurassic to Neogene stratigraphic framework (c) of Qiangtang
basin
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Fig.2 Geological Map (a) and structural profiles (b, c) of the Biluoco area
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Fig.3 The structural deformation characteristics of the Biluoco area
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Fig.4 Comparison of lithologic assemblages and profiles of the BLS
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RIEATANE

422 BHHEAV: BRE. REAEHWBREER, RMWREERE

S5HAIVRHEHXAE, 46 VBTEeTRREN,, EEAEE, A
FIMBEARIEK, HHELIRKE . 5. BN AESNE, KERZERT L
KA At F, L PMLL AT PM13 B35, PMO9 FR#EENACE (A 4n, s, p-20~21,
t-22~23), JREBSGHEGIVELLTIR, KW BWZ B0 NSRS R, T
FAR DU AR P ) I ZE YRR L R A E R, AT, fE GO8 AbwT
WS B W L e B it Z H S VB3],

PMO7 JRHA B EEAE, | BRI ERKE . b WhE, 2
#PMO8 I N E IS KA Jedh s AES (B4 q, p-14~17). #5RH
FBERIEL, PM07. PM08 {7 PM05. PMO06 [ L&, &5& KAVH B 2 [[)=
HK R, F675 PM09. PM11. PM13 HY, ek PM0O7. PM08 —iii kil Ay B .

43 BB RE-FEHEE. Kb

P2 & 22 VAR R S i I e S PR R ot 342 s e | o 1 e [ i 1
K2a ZLEAEAREGE S, RMH G KEAE ZBOVKEND S IRE KA
BRAE . ABRES, WA NGRS, Bk, TRk, HEohE, M
FEHIaE., gt 65, ROaLT 2KHE:



431 BHHEVI: LREWERKBERKE. BE

G AL PMO9 BN, KT i (0 T 2 b e I B 10 7o 2 A I K
HREJe a5 (K 4s, +-24~25), HPERENG. HAalh, 2HEITSESH
ARARKIZ 0L (AR S, 2003; EkESE, 2007; Ma et al., 2017; Yin et al., 2021).
ZEICEERE 10~25 m, b EMEINEONESE K L b m Il R K S - K E
e EsE, HEESE BREN T, RAHERNZ, BEERRZE7H, mR
BRAR

432 BHHAEVI: REVERKE. BE

ZHALLPML0 ER, DU ERDE . QiR AnE, AN 6, K
S E S, RAE, RKEHREEBIE . RRKE IR F (. IR
RS . SRR A (K 4u, 1-26~29), Horr, W0 ] W Askt 2 7 5 )R
BRAE RO R A BN, BT, BREE <2em. BRE (SBRDE) 21
ZHEAFTAIE HEE, HEETE R R,

5 SR

5.1 FREHES 25k

St BLS H1 X BRA FIb A I 2T R # A U-Pb AL 2R, o, XA
i 22987, 21422 5 23433 HHLE B MR & IV PM12; 22957 D945 i JE b
., WH BLS FEIAMEAAT (B 22). A FBAHE ML AR (&
2a), HTREFBUFMLER, SCTHAERARIR.

ZRE S A A RURHESIAE ARG R A R (21422). b [E H 5B e 7
BRURBE SO (22987) DA Kb ptae AR v St HE ARG R A =] (23422) FFE#sA
U-Pb I, R 22957 Hif U-Ph HH H [ BT RH 7 Beh™ ™ B2 U5 AH 78 I 78 . AF 8
R ISOPLOT 87 56 i, Ak - R 1o 7, BFHIHA Lo
. BARMMNRD 2 MR, bRREE B LR 1.

5.2 R RNRALER

DRV IR S AR, ME TIRROA R E . BURERE & ORI B
A, JEHBEIFR. EERRIR, B U-Po MRS R IR 1 (BB
A AT £10%M %), Hrb, /N 1000 Ma K 2°Ph/?8U SEE3 1y o ks s



FAER, KT 1000 Ma [ BL 2'P/?%Ph 1 Ay B SRS 47 4 %

22957 FL5E A 100 AN £, A R8s 78 4, FE S v 146.92~2608.04 Ma; 21422
FLTER 40 NI AL, 3RAS 29 NE RS, kDN 17.6~1686.3 Ma; 22987 58k
52 NI, A RCEE 38 4, YN 18.58~2718.86 Ma; 23422 JL5E % 232 ANl
M B 190 4, B A RTEAERS N 32.8~3387.8 Ma. AT H IAE T4
HZ AR, AN R IR VDI B BT S A AR L . T BLS /A ARE A,
Rk, A 5HE 250 Ma LSRR .

5.2.1 $A%EHSHE

4 4 250 Ma BURIES A ThiU th{E N 0.1~0.8, XIIAME, MEITR
FHIETR] 439 2 2B (] Ba~d), 55 1 R I W] 5 () LREE 5 4 f1 HREE & 4§,
DLRHEZI Ce IESH AT Eu fai s, M La & Lu FRZE#HIEIN (E 5a~d), &
TN B ARHIE (Hoskin, 2005) . JHr, 40 08 4 s H FR RV KBS A E
fiE (Corfu et al., 2003; Wu and Zheng, 2004), #:47 LLHE—E B AT, K 30~120
um, KEELHE 1~3, 2K FAR, FEk EE KRG (B 5e); ANl
B (FESh 21422 1145 24) BoR BB A RRE (K e, Corfu et al., 2003), &
BOR HA K B RE 53R .

B2 REAHERYD, BEENEAREAK, HRERGHW, HEX
ReEAm LS EWNE S TH 135, 4 LREE, H LREE £-FH, TR E 1
1F Ce 7%, AN Eu R, BARIEEA (KB 5a~d), RIHHGEREAFRF
fiE (Hoskin, 2005), WJfEFE U-Pb i & .
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Fig.5 REE chondrite-normalized distribution pattern for sandstone and basalts of the BLS
(normalized values from McDonough and Sun, 1995)

5.2.2 HAXRBEEA U-Pb &R

Wb 22957 WG R ALEE A (24 D k¢4 146.92~250.49 Ma (& 6a), %
fH°~ 168 Ma, XIE{E A 154 Ma. 188 Ma. 212 Ma. 239 Ma 5 250 Ma (& 6¢).
Hodr, FUE{H (166.19~169.27 Ma) 3R#FIEMFEE 166.1+1.4 Ma (& 6b), L&
— HAPIR A

Zlh 21422 R R AR A (12 D 88 17.6~245.2 Ma (&l 6d, e), 4F
W TE RN, FIEMEN 18 Ma, XL 48 Ma. 56 Ma. 154 Ma Fl 238 Ma

(6, RIAFIEMERS .



ZNA 22987 MR ALER A (10 BD FRA-T 18.81~229.58 Ma 2 [1] (&
69), FUE{EN 18 Ma Al 215 Ma, RHKIE(EF# 4 154 Ma #1136 Ma (4] 61D
215 Ma I§{H (222.7~228 Ma) k3 —41iEF4ER 215.142.3 Ma (& 6h), REH
pak HEINRE =Y I L LY SRR

LA 23422 AR BEE A (35 /D i AT 32.8~250.4 Ma (& 6)), H
T SR % 12K i 250 Ma LUK IR AR R A B 2 22 T HAMAE: iy, F2084E 2 33 Ma.,
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Bl6 HEHEDESZHRASA U-Pb R
Fig.6 Zircons U-Pb ages for sandstone and basalts of the BLS

6 Wit

6.1 HyRst R R

WAL F T AN B4R s 1S AR IR iR, DRI, ZECA WU AR T LA
RUTFIBZ A (BEVEA B AORIER 2%, R0 I PR A7 AE e A Bl
W AR Z 23 1t — DR IR S SR AR il A 2 R A O 2 s R TTRI A A
ORI, AR EARE ISV AE . X SR B AMEAR S R A 2 5 T 45 A K K
RSB ATSENE . T BLS B 103~74 Ma B A L1 25 #fy B AN B85 78 i (L et all, 2015;
He et al., 2020; &X24%, 20200, HiUZM AT HER T 103 Ma.

6.1.1 ZEERWERMEA U-Pb FR KHRE X

R AR 2 (IR FE R WY, FE A P A AE W] S 0 T 3 S I AR ) 7 8 AR R B A S
AN RE 8T B 1) AR 22 BORFEARRE CEVLARSE, 20200, A 3 1R X U b A7
ER AR AR (<103 Ma), HTIX 3 X EUA M2 B A IR 4R
I BN R A w TR RE AT AR R AT PPk T A, Ok AR S =
J& U-Pb I, (HAFERFERMRIRE AFAE, 7T DLHERR AN B R i A 2 Bk 1)
R RS R O R R A REIE, RIS B S AR
FU R IRAAR (b A B TSI AR

WHFR], REZBEZRWHEA, A MEMRIRRAIER T R4 P Z KM
U-Pb fEREHIEL S, T T Z DU AR S W AR i A R e, HA A
m iR S A B K LAIX 4> (Belousova et al., 2015; Ziet al., 2022), [, A%
RAEBRZHRHEERY “CHRAY 840 U-Po SER AT RE SRR AERE %, R
HAG LA IR 2 A e B 2 e KT AR e IR

6.1.2 ZEABRER

3L U-Pb 04 M 3.3Ga B2 17 Ma iES250 4, 517 N3R5 U-Pb 4>
Fi 4k B AL (Fu et al., 2016; Cheng et al., 2021), i~ 078 (RIREE 8 45 5 20 AT ERAE
PRIk, S0 B AR AR, AR DRSO 29 2, BRI AR AT LR
HIKARTW

BACAHER T 103 Ma PRI 7 S ER, (H2 XA T 103~154 Ma



Z SR AFAEWAE RS . 5 FR BT VR I R GUIRZE R Ph BRI m, AL
SR BSTURLI B B A A N B AR R A IS IR ZE AR, %2/ 3~6 MU A A AR IIE AR g
£ (Dickinson and Gehrels, 2009; Gehrels et al., 2011, A 3 1f % R %A 103~150
Ma 4 xf SR 2 o 1~2, BRSAF A SE BP0, BRI A =%
A S AR

R THTNGATF T KR 2 AR TE R SR A 4 AR08 (154 Ma. 224.9 Ma,
201 Ma #1215.1 Ma; I 6h, k; Fu et al., 2016; Cheng et al., 2021), #&7~ % i EHE
SRR AR T 4 A =S BT S, T, BRI 154 Ma fRE
T ZRAEBRER TR AR RS 154 Ma (IIEFERS, (R
SRA3T 154 Ma 1RO AR ES OFR Y 21422 £1 24 FF& 22987 5535, FE
23433 £ 2142 5 2143), iEB T 154 Ma W] FE . Rl 21422 H1 A 24 B R
ILH PR RARAE, BARBUR /D, (HRAHERR~154 Ma 7] DL B AR R I 14
B A 6

6.1.3 H/B4 A U-Pb BERER

FERE T 2PN E B A s R AE W 7 (Dickinson and Gehrels,
2009; Sharman and Malkowski, 2020). fib# 22957 H 505 85 A 4 (YDZ)
MR R R (YSG) FEA—F, 7054 147.5 Ma A1 146.9 Ma; &FH
PG B 5 A 6 (YPP) 24 168 Ma (£ 1; K] 6¢), HABFI4EES )y 166.1 Ma (K]
6b), 5 YClo(2+) iH5 ¥ 168.042.3 Ma —5. & 6¢ ./~ 7E 168 Ma Z i K B 55
1) 154 Ma VAR, ] B2 RS P2 4 22 T2 j 1Y) D W41 ( Dickinson and Gehrels, 2009).
EAR YC20(3+) 3K1EH) 155.3 Ma tt YClo(2+)/YPP FH4E4%, {HXFMN MIEHE N
146.92 Ma. 151.37 Ma. 155.60 Ma 55 160.33 Ma, #{&iR2z=H Kk, HIIESE AT
15 B FAE R MBS . BRIk, AN 22957 SAI{EERFER N YPP/
YClo(2+), XFRM[FEFILERS H 166.1 Ma, fR3E T 22957 WP AR R IR .

R1 BEREHEDERFRER

Table 1 The comparison of youngest detrital zircon ages calculated by different methods of
sandstone from the BLS

0
s r; i& Ybz YSG YPP | YCloQVEkis | YC20(3+)/Hiki%

22957 78 1475 +6.3/-12 | 146.9245 168 168.022.3(n=6) 155.348.2(n=4)




15BL06 76 170.4+5.1/-7.8 17243 174 174.623.4(n=4) 174.643.4(n=4)

15BL12 60 169.2+6.2/-14 17143 170.8 171.745.1(n=3) 171.745.1(n=3)

YDZ-Isoplot T8 Hf 7 A 08 Y SG-13 A7 42 I B0 B 7Y PP-33 AR 3240k | DA 470 Clsoplot BED;
YClo(2 +) Wil EBAFEREEAL 1o 22 FRIMALCTFR, YC26(3+) =B FREREEGTE 20
WZE T HIMBCFYEER, (Dickinson and Gehrels, 2009), 341# ] Isoplot 4.15 714, 15BL06 1 15BL12 5| H

Ma et al., 2017.

6.1.4 Hayk4EH Z AR

BT NARYE RSB 85 0 B E R AR WS (172~175 Ma) K BLS FELE T Jos, (HA
W5 HA A S M R (Ma et al, 2017), ASCHRERSE &80 RER
U-Pb 4% (166.1 Ma) B T W T A7 A 45 3R, R 48 5 o8 | b i 2 &) 4

(www.stratigraphy.org, V2024/12), ¥ BLS T~ Bt RUTRUERS B 2 s ooy 2
WM. BLS TR B E/D 2 B ORGSR E AN, FIMERMEHAE S
H AW, AET Js KERKBETUE . A BKE KRG OGS
PIa &, B, T BCA AT RE A E 0 Ik 2 21 52 B0 M R 78 R

H4R Cheng et al. (2021) HiikfE X ala IR ER, HMLRFHALCE & 2R
HIEAL OO R PM12 FBO BT AMR D I, A7 E T A B3RSl 0l g 1)
Ry Cef R PM12 RBD, R P SO RIEIT N “AUH 7. Bk B X
Ra5 b TEMIFLKE, AR CEFHKN QK3 LI A BK1~BK3 4
& 2 UE RO S TUE MRS . Bk, XRAEBTURFE (154 Ma)
A RLAH BLS H B & IVERUTRINAR, B SR, iz 5 T 5 AR 23 1
FERT /R (Fuetal., 2016).

S BLS REL, ANERASCE AT ANIEAT IR A rTER I AR g B A B AR
e (K 2a, FEdh 221042 F115BL32) . BT N MAZZ A7 853 IF37 i ERIE FE 2H. (ob,
Biluoco Formation, *f& PMO09 H E#), BFACATEiE (166~168 Ma) 5H K%
& (166~164 Ma) I8 (Ma et al., 2017). {H&, PMO09 Al PM10 NiEL i
2, WA FIERIE A GV, B0 RE R REMEEAHEV (PMOY,
4s, & 4t-23~24), [t/ b —0 kK E L PM10 ARG I & RIS & (K 4u, K
4t-26~29), WIRKINEREHA (Ma et al., 2017, 2023), Joik iR 5 R HB i 7L
H IR RAEMOC R . BhAh, BT ARSI PM09 I PM10 28 FHAb 1 & 36 4 I &
YR R IR A I Z AL (Ma et al., 2017, 2023), 11X 28 207 B3 A IS 2 Bl S
RN (FHREAESE, 2003; F 7k #E4%E, 2003; Yin et al., 2021).



BLS B (PM10) BACHIT I M 5 I BRE, B AT
ANFETF R ANHT R s A4 (Ma et al., 2017, 2023), A [ T B4 %) 7 96
TR PRI 5E 55 402 R o AR T 0 S0 R JEIE P A AR AE 5 g et o
PEAHD S, (SR UE PR R B F JE I T R AE MOk D L S AR MR I
FERRIR $h 2 LSR8 5 FAE IR IR A I (HEREARSE, 2018 L5130, 4
# BLS BRI BB A X 55, HE BLS B2 /b i ok 27 i S 2
YEBY, AR AT R NG 2t R JEYE T AR AR AE AL ISR R R A g LR
AT S0 By e ot e 98 1 SRR

25 FRTR, BLS RHRE A bk 2 i (Ul 2 e ok 2 i b, ] i A
SES IR RS S

6.2 HiZ AL RN HEARIAEFE 1] BE

6.2.1 B e E A R EE

A T SO PR IR 45 T, B 4t T 2 AT RE B 25 A A K1 20 RO AS [ e )2
“UH7, (HETEDREAEYNA SATRE R RIS R, HIRE R kD 4
Hb J2 R A7 AR I, R T RS R GRS A2, 202000 DR AR SO
IERTT BLS UURRRF AR, KI5 Rt 2 “ 417,

A A B Al 2 AT T R B AT, B AR A R AR A R
TR Kb, 5A (B ZAEERMRFN I, MBI R 2 TR R
BT AEZRIER (Yin et al., 2020, HERRI B, %2454 SLhrkih
TAEN ORI hBEE HEAEIV), Wik EBRREEA SV, NS
BRI R CRpl Rt s D AR RAL, KU L E T RAARE 4.
Zhang et al. (2024) 72 T E#E OMRIARSCRI 73 I Bea R A& V) SRESIR
RigAT, AT LA IE i A B B A K X, S5E A U-Pb
M, K ZRI Ay e, AU PR S e R SE (Yin et al., 2024),
77 fi#f U-Pb AF R PRI AR U/Pb ELAE# N A AT SE(Wang et al., 2024) . It 4F,
JfEA U-Pb MR ABI 78 DX TG P 10, T R e 24 i R i — A R S iR s
PR &R o AR RS AR AR, ORI BE R AR T R, 3
HAHRRYE, waida A s T 56V A Re R T S gt 1 (B 7.

VB 2 i ORI ) R0 RS I 5 B b % 2 TR A ANV L 2 PR B



fil R R, N2 ATEERIE TR R, WFRTBCA IR I, A2 THIE-
WRRKRAMIBR, WS AR G2 E WO R RN, SREBORTT I A
BN SEHOATTRIEE AT U-P I, S5 IXH 5 5t . SEPRMUBURFAE, B %4
eI L Ry 7RISR NG (B 7D,

e = 0k 2 o k& ik 1 Tk 27 it | ey | aEa-
& it fEprk | bk [ EE ] Bl Rk 4t e 3 55 L L Hi B ) R B4
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Fig.7 Stratigraphic age of the BLS

6.2.2 FFAE ) R

A AL 2 MRS IR 7T LA LK BLS EBURIFARIIEE R, &/
BE—DANFRAR SR AR, W2 T B ZU7TE I LB AR, X0 T B JedE A X
s . ORISR FC B A R

IR R I AT U-Ph UL FR e e RIS 1 B SR, A
BAtE G 2 A T T 8K A7 LA-ICP-MS U-Pb IR TAE, (E2ARHLAE S A
[l I AL SRAT RO BE A U-Pb 25 R 4905 100 Ma e (CRAE#RD, HAXKER
W A 5 D) (He et al., 2018; B4E24%, 20200, Wi pHERE MRS INAL (R
2OLEE, 20190) SR, HEDE 535 20 B 100 b 3 S ik 7E DX R e Y S
JEARH K ZCE T E R R BRI X A A B B B RIR AU, Al Rg
SWIRAN R P RV 2 AR 28 3 PR B2 o DTG, TR A7 3 0 k7 12 28 A P 540 1)
HJsiE X
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