DURSHR
ACTA SEDIMENTOLOGICA SINICA

20264F 4544 45210

http://www.cjxb.ac.cn

SRR VL T 3CE, Ak, 45 . 2026. 4% T2k A A S SRR I 25 06 S5 DR R 23 BT . DTARAAAR , 44(2) : 506-521.
JIANG YongWei, YANG WenBo, ZHOU Bin, et al. 2026. Analysis of Provenance and Paleodepositional Environment of Li-Bearing Fine-
Grained Clastic Rocks from the Baitianba Formation, Northern Margin of the Yangtze Block[J]. Acta Sedimentologica Sinica, 44(2): 506-521.
DOI: 10.14027/j.issn.1000-0550.2024.069 CSTR: 32268.14/j.cjxb.62-1038.2024.069

1771 H B IE SRR B S YIRS AR R o4

LE T2 A O, B 2, AL, E R, e, R R
1. BV B2 e, VE4e 710004
2. BRPE A M A R RIS 0 P 710068

M E [BNriisdtg —a&a—kP L 240200 PTG &3, 6 TURURLER SR A AT 9T 5 T & AR LE K.
ARSCEFEA BIRD Z I S CR ) A0 B A U5 DX B P B S v 35 5, SRR 3R R i AR i Ve [k ]
FPZ A b2 IR VT I T AN A A A RIS, T S CE ) AN b A T T oo R ek ikt [ R ] = oo 2 &k
FI 3] BRECFN Lay/Yb-SREE .K,0-Rb . La/Th-Hf Kl fif i /R VAR IR DX — A H B8 SO TR RV B TR B IX s E R n 34
A4 5] B B0FN La-Th , Ti/Zr-La/Sc . La-Th-Sc . Th-Se-Zr/10 . Th-Co-Zr/10 i FIRR 170 2 SRR E Sz Weie BRI M 15 15 55 4 1% Bk
TR X B FEATE T KRk 5 IREREE ; Ga \Sr/Ba \Sr/Cu , C{H. b0 A5 F5 50 (Chemical Index of Alteration, CIA) ,U/Th Ni/Co %
W PRBE R AR N S O ) A S S DORR IR B I R4 T 9585 U — 4L Bl AR /K 38855, HL A-CN-K FT Th/Sc-Zr/Sc [# fif
AR S8 e i DU IR X B B ) 1 s SRR FE A IR AVE o (8538 Tty 088 0 vy 8 s SR Ak 2% 1 2o L 4 A s
JEFRGLN, NUR B 0 SRS T3 0 W AR (S B s ) AR T A R 8 = S s, S I R Y A

BRI AT RESR A A I

KR AL S O 8D AR B A s IR AT 5 ol PR BT A A s 4 i 4
F—1EE LH T, 19874 A R A, TR, SR S5 PR A, E-mail: duanqiu8708@163.com

BEEE B, B S TR, E-mail: boabosiji@sina.com
MERFRERE A XE4S:1000-0550(2026)02-0506-16

B 43S :P618.71

0 5l5

P 4 K 00 IR B B B R R Y KB T R
(Sovacool et al.,2020) , B —8—4H 75 A T5 IR C 208
Shy B SO B IR (A AR R AR, 2020) o BT
PR 3222800 43 S A i 5 A L e K BRI AR 4 A =Rk
(Kesler et al.,2012) , 3 EAT R F & , L Ehwix
TR ISR it 1 5 RAE T 2 R R AR A 2, 5 T
TEAR A 2 2R A AR R (F B L045,2022) , £
TEUE A FH 52 5 RN AU 2 O M E BEAR SRR
e CRLUBESE,2020) o FH T 0B AL B 95 5 5 A RA
Ko A R e I RE R CT AR, 20195 A0 35 4
2023) , — HAF 3 Tl I+ % 1] H 3R 0] 5 RE % fig
TR BT VY — 8 S T B b X5 oy AR AR TR

KR 0 2 2 AR A R UR B mT RETE B
R AR A RV RN AR A A BT (R LA,
2022) o W XF LA S AR RS o 32 A TR AR BT
AT 5T R A E LEK,

FIAKT PO Z i SR 12 2R &R A
T2 AR 5 i B R e 28 B A i AH) 235 DT A I DR UA
B AL BRI 22 R R AR TR RE A 4R 2 (R S A T
TR BT 5T (A5, 20115 T —%45,2013; 51
FF4E 2016 4F 5 F 45, 2021 ; IV 2021 ; Tl
25,2023) , i T DU 2 A b 2% (TR 1a) W55 X P9
“Ial 5447 1 1 I A5 A WA XA . A% 3C
145 (2023 ) 7647 TRl AL Bk 75 b X — B 48—
RSB 20 A 200 & TR AR (e A IR AR 4 57
BB R, M IX N IR AR5 8 T 5 1)

s H#5:2024-03-07 ; 1& B B #1:2024-05-15; 5k FH B : 2024-07-18 ; 4% H AR H 5 : 2024-07-18

EETE : Beria A sk v Sl A5 H (202308,202112)



2 VL5 DA b g BN

AR A IR DU A 507

I EEES A
B =amm)z
E A
- WA
[+ |teatim
HR

FZR TS

YIRSy

107°30'E 108°00'E

" i R R
(T s s &
- LR

W

ﬂmgl}_ 5} Liid

Z 735 +8(Zhao and Zhou,2008)

=} — N 730 £ 6(Zhao and Zhou,2008)

oF -fﬂzﬂ %z ks :

“ ¥ + L
P A:E

4

=)

<

i

ol

&

o Al
+

+ +

%\e’ﬁ *o+ E

T *I« € %

P 4 £ 5

e R

=
= |z
=3
=]
-5
n
“

707 +20(Dong\t al.,2012)
Al ~ 898+ 10(Dong et al.,2011a)

768 +12(Zhao et al.,2010) z
767+ 11(Zhao et al.2010) =
763.8:£9.4(Zhao et al.,2010) A=
o
S

0 25 50 km
[ = = = = =]
1 1
107°30'E 108°00"'E

BT 37 Bl B b o 7T 1
(a) SUUBURAL A5 SC 2 (87 SCIHEAE,2023) 5 (b) LR —K B 112 4315 (46 Dong et al., 2012)
Fig.1  Simplified geological maps of the northern Yangtze Block
(a) strata related to sedimentary-type lithium deposits (after Yang et al., 2023); (b) complexes in Hannan and Micangshan massifs (after Dong et al., 2012)
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Fig.2  Stratigraphic column showing changes in Li,O content

(a) from exploratory trench TCx4; (b) from exploratory trench TCx7; 1. glutenite; 2. fine sandstone; 3. feldspathic quartz sandstone; 4. argillaceous silt-fine class sand-

stone; 5. silty-fine sandy mudstone; 6. argillaceous slate; The project location is shown in Fig. 1a, b
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Fig.3  Photomicrographs of typical rock types

(a) TCx4-11-1, lithium-bearing argillaceous silt-fine class sandstone (+); (b) TCx4-11-2, silty-fine sandy mudstone (+); (¢) TCx7-13, Li-rich argillaceous slate (+);

(d) TCx4-16, lithium-rich argillite slate (+); (e) TCx4-16, argillaceous slate showing crystalline uraninite replaced by pitchblende (reflected light); (f) TCx4-16, argilla-

ceous slate showing biological relics replaced by uraninite (reflected light); Q. quartz; Pl. plagioclase; Kfs. potassium feldspar; Bt. biotite; Met. lithic fragment; Md. argil-

laceous; MeMi. metallic minerals; Ur. crystalline uranite; Plt. pitchblende
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Fig.4 Standardized diagrams of trace elements and rare earth elements in whole-rock samples

(a) primitive-mantle normalized trace elements; (b) chondrite-normalized REE patterns (data after Sun and McDonough, 1989); STD-1 is referenced from the average val-

ues of mudstone (shale) in the Qinling-Dabie Orogenic Belt, while STD-2 is derived from the average values of mudstone (shale) in the eastern Yangtze Platform (after Chi

and Yan, 2007)

AW DCRE S XA 1l 28 £ T A9 4% L (McLennan, et
al., 1993 ; Milliman and Farnsworth, 2011 ; 5§ 9% | £5 |
2020)

A2 AR 8 %0 (Chemical Index of Alteration, CIA)
T S PEO A A AR B, SR A e A R
+ W KALFE BE (Nesbitt and Young, 1982) . Fiif
BAAN:

CIA=[AL,0,/(ALO,+Ca0"+Na,0+K,0) 1x100 (1)

TR T8 8 (Index of Compositional Variability,
1CV) T RAET W) 1053 10 14 B (Cox et al., 1995) .
Hats A=y

ICV=(Fe,05+K,0+Na,0+Ca0 +MgO+Ti0,)/Al0,

(2)

R AL I LU IR B B . CaO'
FEREMR EL WP Y CaO, McLennan (1993) 25 1 1 4%
B CaO MY J77 : Ca0 5, =Ca0 — P,0,x10/3, 45 Ca0 4, <
Na,O, 2 Ca0'=Ca0 e ~zZ % Ca0'=Na,0, CIA {8
i, 8N KA B9 XL %58 (Nesbitt and Young, 1984,
1989) . Fedo et al.(1995) 4} : CIA=50~60, J 55X,
AR EE ; CTA=60~80, Jy 25 ML AR E 5 CTA=80~100,
S s AL . — B ICV <1 T B RE S iR o,
AR EM =S A A B SR T YT,
RERTREZ Ty 1 HEE M I B ORI 28 1 1 5
WAEAE T (Barshad, 1966 14 /N R e X, 2018)
ICV>1 R AR B T a1 3h i SR A
KUTF (van de Kamp and Leake, 1985) .

MR8 5 - A [ B, R A RS S s T Y A
PR 2275, Nesbitt and Young (1984 ) $2 H Kbk
AR ST B A-CN-K = AR (& Sa) . Kbf
WAL I XA AL AT T A-CN &L, LIRHC A
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b H AR5 50 oy AR R I ARAT , R
WO Ze/Se S 35 TF i Th/Se B 55 48 I s
(McLennan et al.,1993) , BIV&E i AR 2252 F e RIVE 52
Wi, 27 b AR 2 T I ANRE S A 1 DU )
JRIX B D420 T h S —am SRR R 1 KBV E
42 PEXEALBMAMLEL =
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—EMRR  EARFR E AR T BAT R R REE , 35
ST IR B A5 T oA T W P 058 DX 1) e o R ) 15
SRR 5 ,2013)

FH A & 2 (R D e 8 A7 BT R A
A8 5 20 ) eR B i (R 6a) v 22 00 T 9 SR
BURP IR DX, 35 43 T A b o sl 5 o K s 0 T
X . #£ Lay/Yb-SREE EIfif: (€l 6b) Hr, =2 45 i
VA FUR Bl Hr B 2 s TR A DX, AN IR 5l 7 A5 T
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S A
Fig.5

Chemical weathering trends of the fine-grained detrital rocks from Baitianba Formation

(a) Ternary plot of A-CN-K with CIA values on ordinate axis (after Nesbitt and Young, 1989; (b) Th/Sc vs. Zr/Sc (after McLennan et al., 1993); The red area on the vertical

axis of the CIA value represents the distribution range of sample CIA values
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Fig.6 Discrimination binary diagrams of provenance characteristics for the fine-grained detrital rocks

from Baitianba Formation, showing source and compositional discrimination
(a) classification plot of F, vs. F, (after Roser and Korsch, 1988); (b) La/Yby vs. 3 REE (after Allegre and Minster, 1978); (c) K,O vs. Rb; (d) La/Th vs. Hf (after Floyd and

Leveridge, 1987 )
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R1 BEMIGEE R T HEEH REE S H3% (47 Bhatia, 1985)
Table 1 Most discriminatory REE properties of graywackes for tectonic setting discrimination of sedimentary
basins (after Bhatia, 1985)

REE 2L
La Ce SREE La/Yb La/Yb SLREE/ZHREE Ew/Eu’
pEATN 8+1.7 1937 58410 42413 2.8+0.9 3.8+0.9 1.04+0.11
INGTET 27+4.5 59+8.2 146420 11.0£3.6 75425 7717 0.79+0.13
AR T2 37 78 186 12.5 8.5 9.1 0.60
LGN U < 39 85 210 15.9 10.8 8.5 0.56

T o N R G BRORE WA AR ME AL TE A B 5 By BRORE 5140 R MR 5 *22 265 30 B R 2l Bl % D Bl AN 2 R 4 I B 2%

8U . U/Th, V/(V+Ni) . V/Cr,Ni/Co 1§ b5 5 # & &+
RIEASEIE R (R 3), HAS TR PR EN K B A fb b
WS (F2) . HEP M EPGIL AP EHK A
RS B SR AR A S 1 5 0 5 A AR A R S B R R R
AT ACIESE ,2023) , BT I 7 i R S A x4
BA s hve i, RIS TR R B 7 Sk 3 Bl A8
fRis, B & A DA R PR R E S, H
V/(V+Ni) \Ni/Co 5 8 55 1 55— B IEAH 1M 5 A/S
(R AEAH G, B/~ 2010 & s 20 V/ (VNI |
Ni/Co R & (A& B 5 A/S (B 3 1F ARG ) T ol
REMER K. fF— 50 N30kt U B e R
AR5 (KA B8 %, 2019) , BPULANY) o U JC &K A8 A
— RE SR O R PRI I, i — 2 R )
FREEE B2+ 0 & B Gl R 2 8 A 5
A/SFILiAHOCPEILER 3) .

ZE LTI, T R R i SR AR A R AR
HEH R RGN . KR Y R e R A Kk
YERTFIE LA, DU A A R v 28 R A i A s il
B0 YT BRI AR DR 2R v A 2% iy E 2 (P
V45,2003, 1T i B A0 A S A R T2 )
AT AL, (o ANRE T P G W S . il i Zk
R R BT TR RS T B i
W A g ash s FU 2R R vk 4 o K R TR
JECHR A BEIE AR PR (Bradley et al.,2013) , AR A%
TR A A 1 B AR K R85, i B 25 phy -
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B Li AR SR R R (angh ) b2 iF
FBUTFN o Chen et al. (2020) A A e i A2
SR FE IS — 5 TS 1 e 2 ) s R R B8 (40 &y
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A3 ICA I e N o et — 2D W 4 T Li S A AT
2N R FEre . 1 A 5 Crg ) 40
RIS T HIE R BT 5 9 515 8L 1S
7N i Wl BESk FOICA SR I

5 45ie

(1) I FI0UZH 25 0 O 1) A0 i e i A R X
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DU 3 5 5 0 TG st , R X RE A TE ¢ T H:
TE R A R il B IH A, Bl R0 T RESK A 910
E&7/1

(2) I EI0UZH 2580 O 1) A0 ) e DU il
I W M 2 1 T A 5 SR A — S AR R AR IR K P15
HEEE Y T B RO R X fn a4y 1
SR SRR M KARVE T o i SR BRI IR i Al 4
o8 P A 4 2 R R T T R T 3 ) M
PEA R T %6 L PRI R, 5 21 Ca 1) A0 I o
SRE RN 7/Rered Dl RTTE e N

SCHEABIFTE BR800 © A R 7 Be Rk %
#4147 (Science Data Bank, ScienceDB) - & 2N K&
A, Vi 8] Hi 3k A https://www. scidb. en/en/s/jAnyUf I
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Table 2 Analysis of paleoenvironmental conditions

# (=] éd:% .
Fo sk - BB IRBA IR IR, 20215 KGR, 2023)
MIN MAX AVG ERES
Sr 17.80 75.60 47.58 Sr>800, Ga<8, il 7K s
Yk FRbE 800, Ga<s, LIRS
Ga 18.90 29.10 23.26 Sr<500, Ga>17, IR /K R
- St/Ba>1 , A K P58
Sr/Ba 0.04 0.29 0.14 . 0.6<Sr/Ba<1, i YA JH 7K BR 45
IRIK IS
* Sr/Ba<0.6, B HIR K R
N
R A Pt A SRk Th/U>7 , FlARIR KRBT
Th/U 237 4.10 3.09 — 2<Th/U<T, FEARBRUR K —2 UK IR 458
P RUK RS Th/U<2, i AHEK 58

A 1 000*Rb/K>6, WA /K A58

B AR . N

1 000#Rb/K 0.66 1.06 0.86 N 4<1 000*Rb/K<6 , UK F
IRIK b

1 000*Rb/K<4, AR KA 5T

fIRfE T8
EAERRTAE RN S

Rb/Sr 1.50 6.24 2.73

Sr/Cu>10, T 55 fi
Sa/Cu 0.26 1.94 0.92 TR 5<Sr/Cu<10, i — T RS f%
Sr/Cu<S , R VR < f

IGAE - R VR ST

Mg/Ca 1.63 488 2.92 . .
A TR SR D

b5 M7t A1)
WA
CAE>0.8, e

0.6<C {E<0.8, 113
0.47 1.74 0.92 R 0.4<CfE<0.6, T F—>H
0.2<CfH<0.4, 2T 5
CfE<0.2, 75

CfE
(KA H,1992)

80<CIA<100, H AN , #aty
CIA 68.00 84.27 78.83 T 60<CIA<80, Ji IZ 1
50<CIA<60, FE¥% T3

5U SU>1, iR JE
. 0.85 112 0.9 TEH KA
(R #E%5,2021) SU<L, IEH K IR
U/Th>1.25, i i 35
U/Th 0.24 0.42 0.33 AR 0.75<U/Th<1.25, 5544 ¥R s
U/Th<0.75 , F AL EE

V/(V4+Ni)>0.84 , i JFLER L
HafL— )

V/(V+Ni) 0.66 0.93 0.84 — 0.6<V/(V+Ni)<0.84, 538 (L FFES
LS Al SR I IR ]
S LI SRR V/(V+Ni)<0.6, AL IR ES

V/Cr>4.25 iR JFFRES
V/Cr 1.30 2.16 1.63 ALAEE 2<V/Cr<4.25, 55 AL AT
VICr<2, SE AL 8

Ni/Co>7 , i J ¥
5<Ni/Co<7, 55 AL IR 5T
Ni/Co<5, S LTS

Ni/Co 1.84 7.40 4.26
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Analysis of Provenance and Paleodepositional Environment of Li-
Bearing Fine-Grained Clastic Rocks from the Baitianba Formation,
Northern Margin of the Yangtze Block

JIANG YongWei'?,YANG WenBo'*,ZHOU Bin'*, WU ZhongShan"*, HUANGFU PengBin®,

FAN Peng'?,LIU LiangLiang’

1. Shaanxi Institute of Geological Survey, Xi’an 710004, China

2. Shaanxi Planning Research Center of Geological Survey, Xi an 710068, China

Abstract: [Objective] The discovery of lithium-mineralized bodies in multiple layers in the Permian to the Jurassic
at the northern margin of the Yangtze Block is of great significance to the investigation, development and utilization of
sedimentary lithium resources. This study aims to ascertain the nature and tectonic setting of the parent rocks in the
source area of the lithium-bearing (lithium-rich) fine clastic rocks of the Jurassic Baitianba Formation, and to prelim-
inarily discuss the influence of paleoenvironmental conditions on lithium enrichment. [ Methods ] Detailed petrologi-
cal investigations were conducted on the typical lithologies within the formation, along with elemental geochemical
analyses focusing on the lithium-bearing (lithium-enriched) fine clastic rocks. [ Results] The oxide discriminant
function graph of the main elements and the La/Yb-SXREE, K,0-Rb and La/Th-Hf diagrams indicate a mixed prove-
nance of igneous, sedimentary and metamorphic rocks. The oxide discriminant function graph of the main elements,
together with La-Th, Ti/Zr-La/Sc, La-Th-Sc, Th-Sc-Zr/10 and Th-Co-Zr/10 diagrams, show that the tectonic back-
ground of the sedimentary period was an active continental margin, and some source rocks were formed in a continen-
tal island arc environment. Lithium probably originated from arc magma material. Ga, Sr/Ba, Sr/Cu, C, CIA, U/Th,
Ni/Co and other paleoenvironmental indicators indicate that the lithium-bearing rocks were deposited in a weakly oxi-
dizing freshwater environment in a warm, humid climate. The A-CN-K and Th/Sc-Zr/Sc diagrams show that the parent
rocks underwent moderate to intense weathering when the debris was first deposited.[ Conclusions] The comprehen-
sive study found that lithium enrichment was only superficially influenced by ancient salinity and ancient reduction-
oxidation conditions. Rather, the warm humid climate was conducive to the formation of clay minerals, which in-
creased the clay-mineral content of Li-bearing (Li-rich) fine clastic rocks and determined the extent of lithium enrich-
ment.

Key words: Baitianba Formation; lithium-bearing (lithium-rich) fine clastic rocks; provenance analysis;

paleoenvironmental condition; lithium enrichment
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