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Abstract In the central Yunnan region of the Yangize Craton, the “red beds” that develop in the
transitional section between the Nantuo Formation and the Doushantuo Formation of the Neoproterozoic,
are still debated among scholars. This study carried out detailed stratigraphic and sedimentological studies
on the Nantuo Formation in the Lunacun and Feidatian sections in the central Yunnan region. The sections
were located on the southwestern margin of the Yangtze craton. The conglomerate member and its overlying
red mudstone member of the Nantuo Formation exhibit typical glacial sedimentary features such as striae,
dropstone, and rhythmic laminae, base on which, four sedimentary subfacies can be divided, i.e., sub-
glacial lag, periglacial channel, pre-glacial delta front, and pre-glacial shoreline subfacies, reflecting
different stages of glaciation. The youngest detrital zircon age at the top of the red mudstone is 636 Ma, in-
dicating that the deposition time of the top of the purple-red fine sandstone in the upper member of the Na-
ntuo Formation may be later than 636 Ma. The regional stratigraphic comparison reveals that the spatial dis-
tribution of the conglomerate and mudstone members of the Nantuo Formation in central Yunnan is stable;
it represents accumulation of conglomerates under glacier ice, transitioning upwards to the conglomerates
of periglacial river channels, and then upwards to the mudstones and fine sandstone of the pre-glacial delta
front and the pre-glacial shoreline, exhibiting a pattern of gradual melting of glaciers and marine invasion.
In summary, this study suggests that the Nantuo Formation should be divided into two parts, with the low-
er member consisting of conglomerate and the upper member consisting of purple-red mudstone. The
boundary between the Nantuo Formation and the Doushantuo Formation should be placed at the top of the
red layer. This study deepens the understanding of the Cryogenian palaeogeography, the southwestern mar-
gin of the Yangtze craton. It provides new sedimentological data for improving the isochronous stratigraphic
framework from the Cryogenian to Ediacaran, and assists in deep oil and gas exploration in the Sichuan
Basin and its surrounding areas.

Key words southwestern margin of Yangtze Craton, Nantuo Formation, red beds, glacial sedi-
mentary facies
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Table 1 Stratigraphic division and evolution of the Nantuo Formation to Doushantuo Formation in the central Yunnan region
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Fig. 1 Study section location and geological view in south western margin of Yangtze Craton
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Fig. 2 Histogram of the Nantuo Formation with typical sedimentary characteristics in Lunacun section in central Yunnan
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Nantuo Formation in central Yunnan
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(modified from Eyles, 1993; Le Heron et al., 2009; Prothero and Schwab, 2013)
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Table 3 U-Pb age test results of detrital zircon in the Lunacun section, central Yunnan

Uﬂ\[]«iit E% /#%( 10*6 ) ])7( [E{E 207 P})/'ZO()P}) 207 P})/ZSSU ZUGP})/238 U 207 P})/ZU()Ph 207 Pl)/235 U 206 P})/Z}BL' ,‘“LEI?EH}E

RS Ty By ThU W e WM 1o WM 1o 4FR/Ma 1o ERS/Ma 1o AERE/Ma 1o /%
LNC-4-01 74 265 0.28 0.1223 0.0009 6.0456 0.0748 0.3585 0.0017 1988.7 14.1 1982.4 245 1974.9 9.4  99.62
LNC-4-02 23 67 0.35 0.1474 0.0017 8.2696 0.1323 0.4077 0.0027 2314.9 26.2 2261.0 36.2 2204.4 14.7 97.47
LNC-4-03 104 148 0.70  0.1196 0.0011 5.7205 0.0743 0.3474 0.0019 1950.1 17.7  1934.5 25.1 1922.0 10.6  99.35
LNC-4-04 89 114 0.78 0.1846 0.0015 12.8506 0.1619 0.5063 0.0025 2693.5 22.4 2668.8 33.6 2640.6 13.1 98.94
LNC-4-05 75 106 0.71 0.1135 0.0014 4.9868 0.0759 0.3200 0.0019 1854.8 22.5 1817.1 27.6 1789.7 10.6 98.48
LNC-4-06 113 148 0.76 0.1145 0.0012 5.1722 0.0720 0.3292 0.0016 1871.4 19.6 1848.1 25.7 1834.3 9.1 99.25
LNC-4-07 141 117 1.21  0.1579 0.0015 9.6695 0.1282 0.4466 0.0024 2432.2 22.5 2403.8 31.9 23799 12.8 99.00
LNC-4-08 161 213 0.76  0.1370 0.0011 7.4050 0.0964 0.3964 0.0018 2189.3 17.6 2161.6 28.1 2152.6 9.6  99.58
LNC-4-09 60 75 0.80 0.0633 0.0018 1.1166 0.0326 0.1288 0.0011 717.7 20.3 761.3 22.2 781.0 6.5 97.45
LNC-4-10 101 642 0.16 0.2078 0.0008 15.4157 0.1640 0.5440 0.0024 2887.6 11.4 2841.3 30.2 2800.2 12.4 98.54
LNC-4-11 67 113 0.59 0.1367 0.0015 7.6709 0.1265 0.4093 0.0031 2185.5 23.2 2193.2 36.2 22119 16.8 99.15
LNC-4-12 136 96 1.41 0.0642 0.0017 1.0890 0.0337 0.1256 0.0010 747.7 19.9 748.0 23.1 762.9 5.8 98.04
LNC-4-13 96 231 0.42  0.1309 0.0009 6.8752 0.0964 0.3820 0.0016 2109.9 15.1 2095.5 29.4 2085.6 8.8 99.53
LNC-4-14 374 538 0.69 0.0702 0.0009 1.3271 0.0228 0.1373 0.0009 933.8 11.4 857.6 14.8 829.7 5.2  96.68
LNC-4-15 194 427 0.45 0.1150 0.0008 5.3119 0.0733 0.3350 0.0014 1879.8 12.6 1870.8 25.8 1862.7 7.9 99.57
LNC-4-16 58 96 0.60 0.1194 0.0017 5.5512 0.1036 0.3371 0.0020 1946.6 27.8 1908.6 35.6 1872.8 11.2 98.11
LNC-4-17 73 171 0.43  0.1662 0.0012 10.5855 0.1521 0.4617 0.0018 2518.8 18.2 2487.4 35.7 2447.2 9.8 98.37
LNC-4-18 91 167 0.55 0.1030 0.0010 4.1400 0.0670 0.2904 0.0017 1678.3 16.7 1662.2 26.9 1643.6 9.6 98.87
LNC-4-19 36 61 0.60 0.1321 0.0017 7.0838 0.1241 0.3871 0.0022 2124.7 27.8 2122.0 37.2 2109.3 12.1 99.40
LNC-4-20 98 115 0.86 0.0678 0.0013 1.2778 0.0328 0.1394 0.0011 860.6 17.1 8359 21.5 841.3 6.7 99.36
LNC-4-21 52 58 0.91 0.1214 0.0016 5.9746 0.1523 0.3555 0.0022 1976.7 26.7 1972.2 50.3 1960.6 11.9 99.41
LNC-4-22 58 143 0.40 0.1431 0.0019 8.2383 0.2419 0.4150 0.0051 2263.9 30.4 2257.6 66.3 22379 27.4 99.13
LNC-4-23 195 376 0.52 0.0712 0.0012 1.2516 0.0343 0.1274 0.0009 963.2 16.2 824.1 22.6 772.8 5.3  93.57
LNC-4-24 220 353 0.62  0.2794 0.0012 25.5300 0.4293 0.6768 0.0039 3359.1 14.1 3328.7 56.0 3332.0 19.0 99.90
LNC-4-25 35 113 0.31 0.1936 0.0014 14.2171 0.3348 0.5329 0.0037 2772.3 20.7 2764.3 65.1 2753.8 19.2 99.62
LNC-4-26 94 208 0.45 0.1498 0.0010 8.8780 0.1997 0.4308 0.0019 2343.0 15.4 2325.5 52.3 2309.1 10.4 99.29
LNC-4-27 92 242 0.38 0.1199 0.0009 5.7547 0.1321 0.3494 0.0015 1953.2 14.1 1939.6 44.5 1931.6 8.5 99.58
LNC-4-28 80 99 0.81 0.1600 0.0014 10.1513 0.2377 0.4622 0.0028 2455.1 21.8 2448.7 57.3 24493 14.6 99.97
LNC-4-29 338 35 9.72  0.0644 0.0030 0.9386 0.0462 0.1063 0.0014 753.8 35.5 672.2 33.1 651.0 8.3 96.80
LNC-4-30 19 21 0.93  0.1922 0.0037 14.2858 0.4199 0.5427 0.0073 2760.5 52.8 2768.9 81.4 2794.8 37.7 99.07
LNC-4-31 181 482 0.38 0.1480 0.0007 8.7268 0.1600 0.4269 0.0016 2322.1 11.1 2309.9 424 2291.9 8.4 99.22
LNC-4-32 126 369 0.34 0.0671 0.0008 1.3104 0.0286 0.1408 0.0007 841.3 10.6 850.3 18.5 849.4 4.3 99.90
LNC-4-33 59 109 0.54 0.1515 0.0015 8.9144 0.1777 0.4248 0.0023 2361.8 239 2329.3 46.4 2282.0 12.5 97.95
LNC-4-34 331 223 1.48 0.0636 0.0010 1.1010 0.0262 0.1241 0.0007 726.6 11.7 753.8 17.9 754.1 4.2 99.96
LNC-4-35 70 80 0.88 0.1077 0.0018 4.4306 0.1072 0.2942 0.0024 1760.6 29.5 1718.1 41.6 1662.5 13.4 96.71
LNC-4-36 170 239 0.71 0.1335 0.0009 7.3611 0.1406 0.3927 0.0020 2144.2 14.3 2156.3 41.2 21352 10.9 99.02
LNC-4-37 97 122 0.79 0.1125 0.0012 5.0547 0.1030 0.3192 0.0018 1838.7 18.8 1828.5 37.3 1785.8 10.0 97.63
LNC-4-38 177 315 0.56 0.1305 0.0009 6.9199 0.1301 0.3763 0.0014 2104.3 14.2 2101.2 39.5 2058.9 7.8 97.97
LNC-4-39 79 274 0.29 0.0970 0.0009 3.8354 0.0754 0.2789 0.0015 1565.6 14.6 1600.2 31.5 1585.7 8.4  99.09
LNC-4-40 34 368 0.09 0.1372 0.0008 7.6490 0.1435 0.3923 0.0018 2191.1 13.3 2190.6 41.1 2133.6 9.8 97.36
LNC-4-41 137 127 1.08 0.0667 0.0014 1.3898 0.0320 0.1462 0.0010 828.3 17.8 884.6 20.4 879.7 5.8 99.45
LNC-4-42 384 209 1.84 0.1525 0.0013 9.1927 0.1176 0.4242 0.0019 2373.5 20.7 2357.4 30.2 2279.3 10.2 96.63
LNC-4-43 62 54 1.14  0.0613 0.0004 0.9026 0.0108 0.1038 0.0010 647.1 4.4 653.1 7.8 636.7 6.2 97.45
LNC-4-44 216 146 1.48 0.0667 0.0013 1.1921 0.0261 0.1262 0.0008 828.5 16.4 796.9 17.5 766.0 5.0 96.05
LNC-4-45 89 108 0.83 0.0685 0.0013 1.2536 0.0269 0.1298 0.0009 882.4 17.2 825.0 17.7 786.4 5.5 95.21
LNC-4-46 60 65 0.93 0.0681 0.0018 1.2535 0.0352 0.1306 0.0011 870.4 22.6 825.0 23.2 791.2 6.7 95.82
LNC-4-47 89 114 0.79  0.0519 0.0028 0.1776 0.0095 0.0244 0.0003 279.7 15.4 166.0 8.9 155.2 2.0 93.30
LNC-4-48 169 180 0.94 0.0674 0.0012 1.2236 0.0241 0.1296 0.0007 847.8 14.6 811.4 16.0 785.5 4.1 96.76
LNC-4-49 30 50 0.61 0.0667 0.0023 1.1878 0.0408 0.1273 0.0014 828.0 28.6 795.0 27.3 772.6 8.2 97.15
LNC-4-50 48 115 0.42  0.1523 0.0013 9.5034 0.1691 0.4474 0.0049 2370.7 19.8 2387.9 42.5 23839 26.2 99.83
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Fig. 7 Detrital zircons age data from the Lunacun section, central Yunnan
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Fig. 8 Stratigraphic correlation map of the Cryogenian Nantuo Formation in central Yunnan



‘(IM K

#2606 6 H)

ARAT T A TV R G R K AR R TR AL DUBURRAE B 4D 2 s e 1319

J& TARTIRE R Y,
5.1.2 RER

)8 #5 41 U-Pb I 47 25 3R 3 20800 T 90 I o
BT« 4 3 SRR R A DL R b 2 B R OB AT i 1 PR
(Gehrels et al., 1995)

e TAb %, A E AR RGE T — R 50K
F/GR R LR AR R BE K A U -Pb AR
ca. 635 Ma % ## ( Condon et al., 2005; Yin et al.,
2005; Zhang et al., 2005; Xing et al., 2018; Wang
et al., 2020) , o, BEIITEAH S 0E H = A A
% 635.23+0.57 Ma (Condon et al., 2005) 5 Hoff-
man 5§ (2004) Hz 16 44 K L6 W Ghaub 4 yK )] 3T 1
TERHY) U=Pb 4 635.5+1.2 Ma AHIT . X #E#f KR
FE T T8 2 VKO A5 R BE 1L 8 4T b i (R AR
635 Ma ( JEIf&HHZE, 2019, 2021),

AT G A0 B TR Y Bk e 2 B LR b
MR E R OR RN LNC-4 (& 7). HRFR
B 41 U-Pb 4R}y 6366 Ma, J3Ai TIEFL |,
Hw T IRERE A U-Pb 421 (6508 Ma) ,
B4 642+7 Ma (MSWD=3.3, n=2) (&
7)o S HTNAE U 1L b XK i A IO R v R
154 A TIMS U-Pb 44 h 634. 57+£0. 88 Ma (n=4,
MSWD= 1.4, B {5 95%) ( Zhou et al., 2019),
EIZIA ES—1 R S AT ZOMA i 47 1% 2 I 7
AR 4 BEs AR, AR AR
P BE H 3 22 SOnT gk — 2P 5Tt o LU 4R iy oKL
JRAE d ok L FTET AL R Ve A B BE L e 2 A
WA AKERIEA S, WEKAEHEA S EER
Ko WHHTE , 7 78 m S I b X BE L e 20 IS 3
WA ERET, BABIE K iE 2 BLL R
A K e B B (Zhou et al., 20195 JH 15 B 4%,
2021), HEGZEHEEA S &A FIRAR . Ebs
b, EKEBTORE kA — K & E B
RIEA UL, 28R Z A 1 X () Marinoan 7K HH 7K fist
A R iE ( Condon et al., 2002; Xiao et al.,
2004 ; Fairchild et al., 2016; Bai et al., 2020) , fE
= H R AR R LLZ R 12 50 em JE R BT
REPTT A = s (i F A PR, 1981; VL
4, 2016) , Bai % (2020) #iE 1 #lRZE R IE A
IR LLE TR G B S S . R IR
ME LA, HREARRIE S, IO Ry
Fa bR SO 1 B 8T T B HL XU 8 B A Y PR

B UK R A IR kAR B TR R . AT
PLA BRAE W7 = B Hb XX 6 i R &k 7 2 )2 4 TT R 2
Marinoan B M) 2 BLER 43, FF AR oK 5 45 4T T
MIEDE o VEE B T 55 A I 4F 25 115 3% 410 )2
DURLE PR 0] BE #E F 636 Ma, {H R AEHERR H i LT
FVEM (LK R ) Ml RetE .
5.1.3 XiEixttt

Bood ARUTER, 78 Rodinia i KRG 2 5 5
T, W O T e T MR A B L AR
U ety i R 2 000 4 A oy i e A ) 2 R (A0 R
FIBRIT S, 1981; X3P f72, 1991; Zhu et al., 2007;
BEWEEAE, 2014) , XSO R B, ol g b
Z ERNBE e DR Z 1T, 3% 30 A [ 9 545 i
58— U AR 2 L 3% 25 78 55 o 72 (Zhou et al., 2002;
Sun et al., 2009; YL M4, 20125 YLA3E, 2016;
X4 % 4, 2020; Yang et al., 2020; ¥ Jk 4 4,
2021; WEILHAE, 2022; w27R4%, 2023), HT#EEK
— I —®IL—E Tk R—KR N —%, ATm
T, WL AR A Z b, iAok e)z2 )
UKt A ik o B L b A5 A8 2o Ol SR AT R LR B
gz RIe A — b s, BREEARS, HEAAAE
HEA 2, AR e (B 8) o i 8 B 4L
FEz b, EPBELEA TR A A SRR, TR
FE L AR 4SS X BE LT AL T S A2
R RIS (X SR FIXIEE, 1963; HiE
AR 18, 19815 X, 1998), FfAEZ Mk
AR vk A A )2 B (X Ao R X ER, 1963
XUJBAE, 1998), FEWIL, 7 —a, BEWE4 T
BB B MR U8 B i JE e T (A% R RN B A
1981; XIJHAE, 1998) o [ b bt L 7E 41 F 3 #k
WA 2 v 3 W AR 25 1 T e N ) J S i R e
A TTRR (X ¥ fo FI X 4R, 19635 47 3 1 F0 oK G 7,
1981; X #%, 1998; Zhu et al., 2007 ), 7]
UL, X L S DR RSBy 50, o P B el )=
S EIFE e AR Al —

5.2 MAEL

TP L DX 32 B R P P I o Bl e R T — R
Jem 2 (&M PR fE, 19815 X198 7,
1991; Zhu et al., 2007), FER KD P EIE T
KA VKR o X RE 4R AR, il
P, DA 1) U AR T i MY PR A (] 8) (i



‘CM K

1320 + W ¥E 2 8K

2024 % 12 A

{2RAF, 19855 Xl s, 1991; JLsiiE4E, 2018),
XS X ETURRAR . TOAR HO RN IR A 45 T ) AN T
FITEL,

Bl a1 TR SGIE BT 5E) (4 Bl AH 7 3
(X3 L MXER, 19635 XI5, 1991), #IT4
DURR MUY (18] 9—a) , 72 A V4 WA vty fili 19 455 25 43t
T, B RPN LR o AR O E, DTRLT
TLALRR A RIS, 2 o0 T o 20 62 91 IR DT AR,
B THR—RE R L, W, iz R A £
Haam, TITTORR 148 Sk 1l 4 A0 2 e T A b s A
o

FIEH VOB R (B 9-b), R P AR L X
UKW IR TH LIz HERL T R TS AR UK i At AT
PR ER o PKNHEIR . KT8 1 LA K Bk A7 7€ 1] HE )
SEUURRA I 5 75 AR 74 1) 1 oKk )15 8l 07 ) (X098 7
FIXIEE, 19635 47 Al A FR L 78, 19815 HkS5g W]

45, 19905 X s, 1991) . FEH = g A HR X
Sl i e 2 S ¢ 1 R R TR U S (OB i
Ak 22 AR UK G ghoK DR DORRY , DUZ IR B0 J2 AR AR
E I R B BRI o R R AE S AR T X
WO R R BR A B PUIRFES | ) RN, BRA
HEP) RS HE JRHAR, bR A B BAR, FR T
FBURFE WIS . E R PUAR A BF o K M X% 5
1~2m &, JEARTEA RN X B 2SR ZE RS,
HTHXIXERAIEN 8~20m, E{TH X 6Fa )R
8m, FRMXERAEE2~5m, g RE— R4
Sk 1l O RIE AL R A BriR R LT, Rt 177
~125m. [l RARAE BE R B 55 40 (8 R B Y e AR
H, RALVRWMZMNG A8 IUERE (X8R,
19915 L4, 2016) . RMTIHAMEILAR . M
PO Oy 3T AR X B, R B P P A ok 1 3% A
WALZR 7 1) 0 2R oK Bt 4, R AE R B UURE Pl (B

] i A % 19 A

0 20  40km

FOmE=

7

Q7777777777772772277 7077777

7/
_""‘. = _‘m_.._ ‘

o7

B3

722
= (] 0 & .

RERAE WE S ORBR RA fznsE A RUZE SR CPATEE R KE UK VKT VKR A

WM WEUE WIVCR BTN SRA MR

a— VLA DU s b— IR TIBUR s c— P e L DU Y 5 d—BE LLTE 4 DUBUR 39
B9 TE Ok AR R T 2 VK B O AR i AL

Fig. 9 Sedimentary evolution of the Cryogenian Nantuo Formation glacier with before and after period in central Yunnan
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