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The discovery and prospecting significance of lithium-enriched claystone in the
Middle-Late Triassic boundary in Zhenba area, southern Shaanxi

ZHOU Wei, QI Xiao-peng, ZHANG Jia-sheng, XU Lei, YANG Jie and GAO Jing-min
(Sino Shaanxi Nuclear Industry Group Geological Survey Co. Ltd., Xi’an 710100, China)

Abstract: It is the first time that the super abnormal enrichment of lithium has been reported in the claystone at the
bottom of the Middle-Late Triassic Xujiahe Formation in the Zhenba area, located on the northern margin of the
Yangtze plate. The claystone, which contains Li, O ranging from 0. 08% to 0. 11% (up to 0.22%), develops in the
parallel unconformity interface of Guanling Formation (T,g)/Xujiahe Formation (T,x), representing ancient weath-
ering crust sediments. The Li,O content exceeds the boundary grade (0.06%) of this type of deposit. To further
understand the petrological characteristics, mineral composition, and petrogenesis of the boundary claystone, this
paper aims to identify the minerals composition, discuss the sedimentary environment and sediment source, and
propose a comprehensive prospecting direction for key metal minerals using XRD analysis, TIMA analysis, and
detailed geochemical research. The results demonstrate that the T,/T; boundary claystone in the Zhenba area is

mainly composed of quartz, illite, and kaolinite, with small amounts of chlorite, montmorillonite, and sudoite. The
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major elemental characteristics (Si0,, Al,0,, 'Fe,0,, TiO,) indicate that the boundary claystone belongs to baux-
ite mudstone. The CIA (chemical index of alteration) and ICV (index of compositional variability) values range
from 85 to 93 and 0. 22 to 0. 46, respectively, indicating that the sedimentary parent rock has undergone significant
chemical weathering processes. Currently, the claystone found in unconformities in China includes iron-aluminum
claystone, aluminum claystone, and bauxite rock. These represent ancient weathering crust sediments, and impor-
tant metal minerals such as lithium (Li), gallium (Ga), rare earth elements (REE), and niobium (Nb) are pro-
duced. The formation age is primarily Carboniferous-Permian, exhibiting characteristics of multi-element compre-
hensive mineralization. This paper suggests that comprehensive exploration of claystone on unconformity surfaces
should be strengthened in the future to facilitate new breakthroughs in prospecting.

Key words: Northern margin of Yangtze plate; Middle-Late Triassic boundary; lithium-enriched claystone; pros-

pecting significance; Zhenba area
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Fig. 1  Geotectonic location map of study area (a, after Han Fanglin et al. , 2013) and simplified geological map (b)
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Fig. 2 Field and microscopic characteristics of Middle-Late Triassic boundary claystone, Zhenba area
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a, b—the boundary claystone is produced in sandstone/limestone parallel unconformity surface; c—the boundary claystone outcrop is broken;

d, e—fine-grained claystone in the boundary claystine (+) ; f—carbonaceous and quartz in the boundary claystone( +) ; T,g—Middle Triassic

Guanling Formation; T;x—Late Triassic Xujiahe Formation
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Table 1 XRD analysis of Middle-Late Triassic boundary

claystone, Zhenba area

T 1 2 3 4 5 6
5 TC35-1 TC57-1 TC42-6 TC43-1 TC43-QY7 TC63-2Q0Y-2
Y 56.41 63.87 58.39 54.03  57.23 32.02
A4 17.25  14.57  22.30  19.72  18.79 40. 34
micHE - - 16.11  23.11 19.75 22.51
e - - 3.20  3.14 4.23 5.13
A 19.85  14.64 - - - -
BHEA 445 1,26 - - - -
BIKA 2.04 565 - - - -
HME 100.00 99.99 100.00 100.00  100.00  100.00

T - BT, T,

PEST 9% . XRD 43 # IF, 25 8 W okr B2 AR 410 (oK
) BETRBA B EURAE , XRD 2T B R+
WA A S A AR XE S W RN i, PR
X E X T,/ T, A&Fh A — 317 T TIMA
M, a5 R W% 2, RIA & & 63. 66% ~70. 39%,
AT EH12.33% ~32.27% , I8 f1 S5 0. 58% ~
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Cle—clinochlore; Fsp—feldspar; Il —illite; Kln—kaolinite; Mnt—montmorillonite; Ms—hydromuscovite; Qtz—quartz

F2 HEHRX T, T, R&EFLE TIMA FIRER wy/ %
Table 2 TIMA analysis of Middle-Late Triassic boundary claystone, Zhenba area
TR R PaE A kA &L4A s S ek ey MEA Total
TC42-6 63. 66 32.27 0.58 2.28 0.21 0.37 0. 06 0.04 0.02 0.05 99.55
TC63-2QY-2  70.39 12.33 14.24 1.48 0.69 0.01 0.12 0.07 0.06 - 99. 40

14.24% UK A S 1. 48% ~ 2. 28% W/ 42T ARIE A, PR RARAE LT 2~400 wm Z 8] ,50 ~
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B A KO SO A SRR T AT N 52.26% 5 ALO, 23, 17% ~ 28. 43%, V¥
Forp, B A R 2 HAM R, I 25.55%; Fe,0, 8L 1.98%~4. 16% , 14 2.75%; MgO
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Fig. 4 TIMA analysis of backscatter image and mineral phase distribution image of Middle-Late Triassic boundary claystone,

Zhenba area
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Fig. 5 Oxide covariant diagram (a, b, ¢) and classification diagram of Middle-Late Triassic boundary claystone, Zhenba area

(d, after Valeton, 1983)
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(CIA, chemical index of alteration ) ﬂlbﬁﬁ’ﬁr 4 %%(

(ICV, index of compositional variability) , DL R &
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R3 HEEBMRT,/T, REFLEFE(wy/ %) HETE(w,/10°) SHER
Table 3 Content of major (w,/%) and trace elements (w,/10™®) in Middle-Late Triassic boundary claystone,

Zhenba area

5 TC43-QY9 TC43-QY8 TC43-QY7 TC63-2QY-2 TC35-1 TC57-1 TC42-6 TC43-1
Sio, 49.56 52.73 57.99 47.65 49.92 55.06 51.72 53.48
Al, 0, 28.43 27.63 23.17 24.86 23.55 25.02 24. 42 27.31
TFe, 0, 2.00 2.26 2.65 3.48 4.16 1.98 3.10 2.34
MgO 0.93 1.01 1.13 1. 64 1.62 0.82 1.34 1.10
Ca0 0.53 0.41 0.35 0.97 0.92 0. 64 0. 66 0.70
Na, 0 0.05 0.03 0.05 0.05 0.05 0.05 0.06 0.05
K,0 1.72 2.18 2.19 3.42 3.12 1.62 2.61 2.18
P,0; 0.02 0.01 0.01 0.09 0.02 0.02 0.03 0.03
Ti0, 1. 14 1.32 1.35 0.95 0.94 1.56 1.29 1.19
LOT 12.78 9.62 9.72 11.40 12. 11 11.89 12.70 10.23
JE8is 97.16 97.22 98. 61 94. 51 96. 41 98. 66 97.92 98. 61
La 50.30 49. 80 51.80 52.70 52.60 60. 40 44.20 63.40
Ce 104. 00 104. 00 108. 00 117.00 102. 00 116. 00 83.20 140. 00
Pr 11. 60 11.30 11.50 11. 60 11.80 13.20 9.28 15. 60
Nd 40. 50 39.30 41.20 42.90 40.70 44.70 33.20 54.00
Sm 7.83 7.20 6.83 9.32 7.42 8. 84 6.50 8. 66
Eu 0.96 0.87 0.85 1. 69 1.12 1.08 1.22 0.93
Gd 7.08 5.94 5.42 7.63 0.99 1.34 6.36 7.96
Tb 1.23 1.06 0.95 1.22 5.38 6.90 1. 11 1.45
Dy 7.02 5.97 5.31 6.58 5.73 8.01 6.50 8.49
Ho 1.62 1.37 1.26 1.44 1.21 1. 66 1.53 1.98
Er 4.15 3.41 3.22 3. 64 3.41 4.54 3.98 5.04
Tm 0.67 0.57 0.56 0.59 0.53 0. 69 0.67 0. 86
Yh 4.34 3. 84 3.62 3.81 3.43 4.40 4.42 5.54
Lu 0. 64 0.56 0.55 0.59 0.54 0. 66 0.67 0.83
Y 43.10 34. 80 32.00 38.20 31.20 42.10 40.00 52.20
LREE 215.19 212.47 220. 18 235.21 215. 64 244.22 177. 60 282.59
HREE 69. 86 57.52 52.88 63.70 52.42 70.30 65.24 84.35
SREE 285.05 270. 00 273.07 298.91 268. 06 314.52 242. 84 366. 94
\% 187. 80 178. 30 129. 40 150. 20 139. 50 192. 40 173.20 135. 80
Sc 22.20 18. 60 16.90 19. 40 16.70 21.20 18. 60 17. 80
Co 11.80 9. 30 7.80 7.90 12.20 15.20 12. 00 12. 80
Ni 41.20 38. 60 33.20 36.90 36. 80 48.70 37.90 42.40
Li 488.00 484. 00 504. 00 517.00 435.00 523.00 391. 00 510. 00
Rb 97.00 132. 00 132.00 172. 00 166. 00 97.40 170. 00 125.00
Ba 494.20 882. 60 488.30 432.20 281. 80 250.20 667. 90 361. 80
Sr 63.20 70.30 71.60 213.80 67. 80 74. 60 67.70 74.50
Nb 28.40 33.80 33.80 21.60 20. 40 39.20 30. 40 26.20
Ta 2.07 4.17 2.28 1.34 1.66 3.14 3.37 3.65
Zr 274.00 268. 00 334.00 188. 00 200. 00 424.00 233.00 251.00
Hf 6. 66 9.36 9.84 5.59 6.22 12. 80 7.17 7.35
Th 18. 80 16. 40 17.70 15.00 17.10 9.92 10.31 13. 46
CIA 93 91 90 85 85 92 88 90
w(Liy0)/% 0.11 0.10 0.11 0.11 0. 09 0.11 0.08 0.11

Sc/Th 1.18 1.13 0.95 1.29 0.98 2.14 1.80 1.32
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Fig. 6 Identification of sedimentary environment diagram of Middle-Late Triassic boundary claystone, Zhenba area

(a after Wen Hanjie et al. , 2020; b after Dill et al. , 1998; ¢ after Wei and Algeo, 2019)

(1988) WFFE R I ARG T V/ (VNI <0. 6; A4k -
RS V/ (V4N AT 0. 60~0. 84 Z i)
WFEFRE R V/(V4NI) >0. 84, FLEHLIX T,/T, FL
Bt V/ (VAN [EHA T 0. 76 ~0. 82 Z [a], 2 % %k
2 H Y BT U - SR A TR IR (18] 6b)

St/ Ba {E 1] FH R A B TIRUATE B P15 | Sr 1%
fif BETE R, Sr Lt Ba B2 53 #% 1M Ba fEER REH R 1)
g 5 U3E K A SOT L Si/Ba<0. 6
FE/RBEFITR K UTRIRBE , St/Ba< 1 48 7 M AH S /K DL
S (Wei and Algeo, 2019) , W98 X F 4B+ 4
St/Ba {0 0. 08 ~0. 49, & B iy 5 Bl AHIR K #4 58
(K 6c),
5.2 MIBSRIRESHT

DUBUA 3 i o0 R M ER Ak 27 A9 A28 1k J2 9 TR Al
45 A—Z ok —UURE R K 3l ) R A2
JRBIZEE 520 ( Roser and Korsch, 1988) . 15 3455
HHAIEENAICE (Ze Ti REE Th Sc) X6 X 5
FRAE B 0 M e A 7 X ( Bhatia, 1983) . Zr=TiO, P78
Bl IR oA i T M K B9 Ya L (18] 7a)
iz I A B R 3 T R Y IR X i ) 5 ( Roser and
Korsch, 1988 ), # i fir T 86 Bk o1 K WA 0 IR X
(Kl 7b) . WAooz TEA R MREN:, AT HTT
BORIEH/RER  # 1OCR M | (La/Yb)  fHAT RAJZ
N X RRTE (Allegre and Minster, 1978; Cullers,
2002) ,SREE-(La/Ybh) , BOGECE g (K 7e) ow B
mn il TR R X, TR I, 78 V-Ni-Th/10
A R A E SRR PSS R (18 7d) . Se
F1 Th #)@ T ATE ST R, £ XL AT T 78 rh 32 34

B /N  RERSAR U I 4k /R B 75 O PE T, Se/ Th< 1
ALK T A, Se/Th>1 WA BE R T A 41 ( Taylor and
Mclennan, 1985) . WF7E X %L+ A ke M Se/Th (HA-TF
0.95~2. 14 Z [u], BR A A 5 Ah (TC43-QY7,0. 95,
TC35-1, 0.98) , HAFE S Y Se/Th>1, K, 4
o i e R BRI F AR IR R B L b X T, /T,
RLF A FERRE T RIS

I S R XA T4 F b &, & )1 A dt
IR A AEFR I 2%, e = B it B RIS 1 LA 5
TR A - W PR A R A, BT R
Ll =R 1 b DX A )1 7t ot R S 7 A 1) 4
HALBY B, PR T 20 5 4L AR A 2R A TURL (K
655, 2003; E M55, 2008) , 58X T,/ T, “F47
AEEG TR ES 28 IE X — M 18 R D RLe
S o I ZRACTI i 72 b %) 18 44 FH 2 22 04 3 1 LA FH 1Y
ORI R, , B S 2L ) AR A R R (ZEE A
45, 2010) o I AL Hl DX 200 S 7] 21 0 FR ) ook U B
BN R0 b X N A A s TR B DL R IS
T A BRI (2 a IR S, 20105 HBiEiSE, 2019) %K
S5(2013) HE—2 38 i A ) BB SEIE A T AR
20— BeW IR A Z2 0 i Ly )1 7 i Bl 2 e 20 K
TAIZH A U5 3 B R il 220 i Ll e T L
il b (XBTRAE, 2008 BRBHSE, 20115 5RAEFISE,
2021) o JIZAR VAP i i 7 b e = B DT RR A T
(1) 22 S PR B T O [ BRL T A 3 16 20 5 55 1, a1
F M OB 0 AR = & thE T Rt b BRAE N P 1 BT
WHT, MBS N ARALATRE M & & 2 TR #E %
M7 3 3 (XUBAR S | 2003 ; ZEH#R4E ) 2010)
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Fig. 7 Source discrimination diagram of Middle-Late Triassic boundary claystone, Zhenba area(a after Floyd et al. , 1989;
b after Roser and Korsch, 1988; ¢ after Allegre and Minster, 1978;d after Taylor and Mclennan, 1985)

B EBIE, S IX T,/T, B4R Ak T
R S s NEIE O FTE ST R AL /RS E
ZEH R XK I AR e A (SR 2— B ) IR
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(R8T G i AR IR 24 M A VR X LU 9T, =22 B LA 22k
B RAA FERE . © ZF = RE SR, R
AL T A4 A RS 5 @ U A8 U3
CHroT i Q) , 76 b s B B H2 32 Ul i ) 354 5 B I
FZEA AR, B FBUE 2 000 km®; @ IR
e e KV = B o B S e S R AN 7L B P Sl U S
(BRUESE, 2006) , FEHEMHIX T,/T, AL LHS
DA A HE M A AR T R X L L3R 4, B X
T,/T, S %5 145 SREE  Nb W% & T I 2% 4 #E K
ARG A4 2 A X R, PTRE A T XU - TR
R SRR E S, Ta Zr HE S ARTESICE A
BRI, fit ORI T L Sm/Nd Eu/Sm

La/Nd Ce/Zr Zr/Hf Nb/Ta %522 |t A K, i i
FICEA MR E L T LUE B X T,/ T, 5t
LB A E AR S A A K A LA
AR — B (B 8a) ;s i T E Iy I, WG X B
B Sr & B AEIRAN , 22702 ik o S R 5ok — B0
Al 8b) . ZEA LI ERFITEE R AN E X
T,/ Ty FLFE+ 2 B TURIIR 3= Z R A4
5.3 #EMBERES

HAr, R E A & A R T o
VLN RS SRS s S S N F e e
PAEZE A PR IR S IR T KR TAE, 8%
TEMFEEF LT YA PR A S A EK A S
WeaE, HEEMATEH LT Y (Ling e al.
2018; 4, 2020, JRILHEZE ) 20205 WkAURK S,
2020; HLIHAE, 2021; % HPERAE, 2021; 4 £ 5,
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R4 HEMXT,/T, REFTEESNEREEREHETRILL

Table 4 Comparison of characteristic elements between Middle-Late Triassic boundary claystone, Zhenba area and

Hannan complex basic rock

-6
=23 w10 Sm/Nd Eu/Sm La/Nd Ce/Zr Zr/Hf Nb/Ta sk g
SREE Nb Ta Zr Hf
TC43-QY9 285.05 28.40 2.07 274.00 6.66 0.19 0.12 1.24 0.38 41. 14 13.72
TC43-QY8 270.00 33.80 4.17 268.00 9.36 0.18 0.12 1.27 0.39 28.63 8. 11
TC43-QY7 273.07 33.80 2.28 334.00 9.84 0.17 0.12 1.26 0.32 33.94 14.82
TC63-2QY-2 298.91 21.60 1.34 188.00 5.59 0.22 0.18 1.23 0.62 33.63 16.12 "
TC35-1 268.06 20.40 1.66 200.00 6.22 0.18 0.15 1.29 0.51 32.15 12.29 X
TC57-1 314.52  39.20 3.14 424.00 12.80 0.20 0.12 1.35 0.27 33.13 12.48
TC42-6  242.84 30.40 3.37 233.00 7.17 0.20 0.19 1.33 0.36 32.50 9.02
TC43-1 366.94 26.20 3.65 251.00 7.35 0.16 0.11 1.17 0.56 34.15 7.18
YP1 143.11  11.99 2.04 170.00 5.85 0.23 0.43 0.87 0.25 29.06 5.88
YP2 157.99 10.96 1. 11 168.00  5.47 0.22 0.41 0.94 0.28 30.71 9.87 R
YP3 157.85 6.44 0.83 145.00 3.58 0.24 0.34 0.47 0.26 40. 50 7.76
YP4 240.74 18.66 1.17  266.00 12.10 0.25 0.29 0.72 0.22 21.98 15.95 2021
YP5 208.37 12.40  0.56 223.00 12.60 0.26 0.31 0. 65 0.23 17.70 22. 14
07xx-1 194.64  6.10 0.53 187.00 3.73 0.19 0.38 0.97 0.37 50. 13 11.51 e 25
07xx-2 166.53  4.88 0.39 138.00 3.76 0.21 0.34 0.88 0.40 36.70 12.51
07xx-3 163.23 5.78 0.44 144.00 4.16 0.20 0.33 0.83 0.36 34.62 13. 14 2009
100 1000 -
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La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

T T T
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Rb Ba Sr Nb Ta K La Ce Nd Zr Hf Sm Eu Ti Dy Y

8 HLMIIX T,/T, FLH 1A SR ACE I A LT R AL E (a) AR ST RN AT (b) (BRORLR A7 F1
JR s M AR AL (B HE Sun and McDonough, 1989)

Fig. 8 Chondrite-normalized rare earth element patterns and primitive mantle-normalized trace spider diagram of the Middle-Late

Triassic boundary claystone, Zhenba area and Hannan complex basic rock (normalization values after Sun and McDonough, 1989)

AT BE AL HE RS L X R A0 W B AE R R A 1 e
AR S 0 W0 S AR- BN P AN L R TR J5 &
NARZR N, AT LUE R B 5004, i 48 e A1 ( Zhao
et al. , 2018), Ling % (2018) %855 (2022) 43 4l
XTSRS Erh AR E R A RS,
AR AT BB W AE T 5 8 A BB gk e A B AR
(2021) B HMERAE (2021) A B SR E #1451
ATEA I E AR A A R O R
selefr . B4 (2020) MR E K IR 075 &

B, E A AP E RS S AA TR, A 4 P
Wit e e A nl BB, 0 Rh IR A JR it B B AR
A, 3 I 2 42 oA — e B B R X
A (2022) WFFE NN LS B T | PN 52l AR
PIBEAT PR R T A 32 B AR ) O A e
AEEHERIeAT o BT, EHE MO IX R IR
PRGOS0 n A5 BB 3 B T AR A O T
FONR AR, 2023)

UNHIT R IR AR SO WSS 0 R 0 R T4
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) 3 3 £ 75 2 AT HL A AR 4 19 W B ( Jeldres et
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vy,
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T EAER IR < =H B AR TAEAS Wi
PR, AR FE AN A5 T 2 IS 38 25 2 R
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x5 REFESFEAEAXNHMLIEXBERY =R L4

Table 5 The metallogenic examples of key metal minerals in claystone related to unconformity surface in China

[P R BCF WX EETEMATE W SR
U (A & ;
UL, RBELAVEIAL TARMA  EUEROUI A K et
MR LI R e e o BRI R SR 20224
2 PasrBs 4L O S B N NN LB S gy o b i FEREIT 45 2023
3 C/P RTHVEENE TARGS  ZMEE mgger b BRI TR 2023
R T
e e A SRR BES . o
b ea/Cy BULLA R TARES  SHEh @ pH s A LS 2020
s PPy FO4UAMM PAREA  SETR BB BRI URIBE MERURKE,2020
6 S/P, EEEAAMEM PERNE  BIRE o b RS BIETHE 2023
7 T/T, KRR PAAA WTHEE !sﬂz - £
8 Py/Py HURALREEA PARMA  WRHE 5 B ORE BRURE RS Bbe KA
o S/P, BERA/BLG  OPAREA  BEE o SRR+ KRR
Va Zs 5 LA .
ONBESL W)/ Wiy, EEAVE e g PR 200,
10 0,.37C, oz AL N O B o NS Tk 2021,
KR sl AR et A,

(B Ae) S 7E 4 A HR R 2 ()1 B i VL S A ) B
At CEER) . W ERTZ KB R4
AR LK KO A F I S S AR N Ll
=) (NS, 20185 BIBFESE, 2020) . =R .
VU1 A e — S AR - L 2 S m
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SR AL X A L 23 e B R A AR R R (A
Bt GRDUES | 2020, BEBEKEE, 20205 ASHETF:
45, 2023; BIKRAE, 2023) , BERIAEL -9 2 Hb X
RFIPHNCHEL 25 KA 76 1 & £ RHE (14,0
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