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Fig.1  Stratigraphic column and location of the Shantun section in the Weng'an phosphate mining area,

Guizhou province (modified from references [14,29])
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Fig.2  Outcrop characteristics and bottom boundary features of the Niutitang Formation in the Weng'an phosphate mining area,

Guizhou province

(a) boundary between the Dengying Formation and Niutitang Formation in the Shantun section; (b) enlarged box in (a); the features at the boundary between the phosphate ore

member and the black shale member in the Niutitang Formation; (c,d) photo of the bottom of the Niutitang Formation in the Machong section; (e) phosphatic rock containing

barite minerals and barite veins in the Shantun section (ST3-1), plane-polarized light (PPL); (f) glauconite sandstone in the Datang section (WDTO06), cross-polarized light
(XPL); (g, h) polymetallic ore in the Shantun section, reflected light (g. WST04031; h. WST040303)
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Fig.3  Fossil image of the Niutitang Formation biota in the Weng'an phosphate mining area, Guizhou province

(a, b) siliceous sandstone phosphate rock (WDTO5) in phosphate ore member of the Datang section (a. PPL; b. XPL), the blue arrow indicates small shelly fossils; (c) fossil en-
richment layer samples at the bottom of the black shale member, in the Shantun section, red arrows indicating relatively complete worm-like fossils; (d) fossil enrichment layer
samples at the bottom of the black shale member, in the Shantun section, red arrows indicating relatively complete worm-like fossils and yellow arrows indicating hyoliths fossils;
(e) worm-shaped fossil at the bottom of the black shale member, in the Shantun section, indicated by the white arrow in the left image as the imprint fossil of the worm-shaped
fossil, and the white arrow in the right image as the carbonaceous impression fossil of the worm-shaped fossil (which is the same sample as the fossil in reference [17]); (f) tubular

fossil in the middle of the black shale member in the Shantun section (indicated by the pink arrow)
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Table 1 Major element test results of the Shantun section in the Weng“an phosphate mining area,
Guizhou province (%)

Fefdis AR Sio,  ALO,  Fe,0, FeO MgO Ca0 Na,0 K0 MnO PO, TiO, LOI  TOTAL TFe,0,
BPMO01-01-01 [Epars: 5.50 0.43 0.19 0.05 19.44 27.21 0.15 0.05 0.067 0.33  0.001 46.52 99.94 0.25
BPMO1-02-01  H =% 752 068 0.6 0.05 20.42 25.88 0.13 0.02 0.035 0.73  0.001 4437 9999 021
BPMO1-03-01  JAUfk7E  64.86 436  1.20 0.08 4.35 8.48 0.04 1.16 0.046 020 0216 14.95  99.93 1.29
BPMO1-04-01 My 4583 11.68  3.68 0.05 1.07 2.51 0.12 1.48 14.510 592 0095 1291 9985  3.74
BPMO1-04-02 @ty 1258 573 223 0.05 2.69 33.87 0.07 0.26 0.011 3586 0033 291 9630 229
BPMO01-04-03 [ 11.22 5.66 .13 0.05 2.21 36.23 0.09 0.31 0.010 36.62 0.018 2.73 96.29 1.19
BPMO1-05-01 M4 4200 1088 075 0.28 1.70 16.03 0.12 2.11 0.001 1213 0025 658  92.61 1.06
BPMO1-05-02 M4 4776 2560 099 0.35 1.12 0.13 0.09 3.15 0.001 1.09 0299 1941  99.99 1.38
BPMO1-05-03 B 1296 434 66.60 0.48 — 0.20 — 0.45 0.045 2529 0105 1565 12611  67.13
BPMO1-06-01  MAyiss 3347 938 2274 1.56 — 0.01 0.14 1.00 — 0.18 0297 28.02 9680 24.47
BPMO1-06-02 MATIE 6143 1545 5.12 099 0.91 0.18 0.08 2.60 0.010 0.31 0.691 1221 99.99 6.23
BPMO1-08-01 M{ayis 6722 1582 0.7 1.05 0.62 0.08 0.10 2.67 0.005 0.10 0.805 11.18  99.82 1.33
BPMO1-08-02 WfF %A 4091 970  1.60 1.08 1.60 12.61 0.15 1.33 0.001 952 0388 1433 9322 280
BPMO1-09-01 M  63.10 1593 240 0.79 1.00 0.13 0.10 3.74 0.011 0.14 0614 1206 10000  3.27
BPMO1-10-01 BT 68.78 1683 070 0.56 0.77 0.27 0.11 3.59 0.008 022 0.609  7.56  100.00 1.32
BPMOI-11-01 HBATUAE 6085 18.65  2.63 276 1.88 0.92 0.13 3.78 0.077 0.09 0.645 756 9996  5.69
BPMO1-12-01 M4 5854 17.87 270 3.84 271 1.65 0.13 3.64 0.107 0.14 0640 800 9997 696
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Table 3 Rare earth element test results of the Shantun section in the Weng’an phosphate mining area,

Guizhou province (107)

LREE/

g La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu > REE SEu 6Ce
HREE

BPMO01-01-01 2.62 1.66 0.1 213 039 010 044 0.07 041 0.09 026 0.04 0.20 0.03 8.95 4.8l 1.07  0.29
BPM01-02-01 718 277 1.20 5.78 1.04  0.22 1.11 0.16 098 020 0.60 0.09 052 0.07 2192 488 098 0.22
BPMO01-03-01  11.34 17.58  2.29 846 158  0.30 134 0.24 1.31 027 080 0.14 086 0.13 46.64 816 094 0.80
BPMO01-04-01  10.76 48.93 432 2466  7.33 1.77 1221 249 1562 377 11.78 183 1026 1.51 15724 1.64 088 1.71
BPMO01-04-02 69.21 64.08 1344 61.82 1293 291 1945 353 2034 438 1223 1.72 9.15 123 29642 312 0.86 0.50
BPMO01-04-03  82.78 64.88 15.12 68.8 1398  3.04 20.05 3.60 2048 446 1264 175 9.11 1.17 32186 339 085 044
BPMO01-05-01 2943 80.78 14.73  83.09 3292 240 4271 8.74 4633 854 2230 338 19.75 264 39774 158 030 092
BPMO01-05-02 1447 2454 430 2041 693 1.31 9.06 2.04 11.86 235 7.14 126 794 106 11467 1.68 0.78 0.74
BPMO01-05-03 6043 78.03 13.02 5579 11.28 215 10.29 1.85  9.77 191 550 0.90 537 068 25697 6.08 094 0.66
BPMO01-06-01 3.69  9.65 1.75 7.65 137 020 0.84 0.17 1.04 024 081 0.16 1.09 0.15 2881 540 0.89 092
BPMO01-06-02 57.13 92.13 11.88 4736  8.12 1.53  6.59 .12 594 1.16  3.44 059 393 057 24149 935 098 0.84
BPMO01-08-01 15.12 2936 430 1758 332 0.71 3.21 0.69 430 097 314 054 3.61 052 8737 4.5 1.02 086
BPMO01-08-02 23.12 88.34 21.14 14297 50.17 1547 67.78 1245 6554 12.63 3245 4.05 1995 248 55854 1.57 125 095
BPMO01-09-01 27.52 53.14 675 2489 423 073 294 058 355 075 255 046 321 047 131.77 808 097 093
BPMO1-10-01 16.55 39.85 592 2559 5.02 1.01 423 072 404 084 264 047 310 045 11043 570 1.04 095
BPMO1-11-01  45.10 75.88  9.44 3501 6.34 1.24 521 090 493 1.00  3.11 0.52 351 052 19271 8.78 1.02 087
BPMO1-12-01 35.11 5899 755 28.03 500 098 423 079 428 085 254 043 279 041 15198 8.3l 1.00  0.86

W R AR RS A S 2 1 PR R R S B RE A — B0 S Eu Rl 8 Ce {1 2 £8 5t Ab 35 WU AR MEAL S A AU s 3 A R 6Fu=
Euy /(SmXGd, ) 2 Hidr Euy . Smg ., Gdy AR EALIE ;8Ce = Ce,/ (LaXGd, ) 2 HoH Cey . Lay . Pry MR UEAGAE .

F4 AEGEFEREFRD V/Cr.Ni/Co tL{ETEE
Table 4 Range of V/Cr and Ni/Co ratios

in different ancient marine environments™"

BoECR AT QEWIETERRED) SRR ST
V/Cr <2.0 2.00~4.25 >4.25
Ni/Co <5.0 5.0~7.0 >7.0

(UM A S, T DMRAEAE DR R A A A
Ber Rl A AT PR AR R Bl R (U , FE VA TR
Bl 2B, PR Hh B AT ThYU LA AR, —
ICTF 2, 1 & S8 PR DT 0 B R A i, r AR A 2~
SR ARG PR EE ) LA R 7(F22) o Jones et al.™
FEF NI AL E R R R —E R TCA B ST s
AR, Y U/Th FELfE/N T 0.75, AL ERES ; 24 U/Th
FAE R 0.75~1.25 I, SRR ST 5 >4 U/Th R T
1250, B A AR (£ 5) .
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B FIR)E TG ) b S e i B
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T [, 3 55 U RURRAE S ) 332 v PR A 2 — B0 .
M40 2 %5 79 U/Th LU (U/Th=3.10~5.75) K T
3, W T AR AL, 5 H = A R i Jeay B v
AR — 8 MRARFE R ELAE R 0.49, 1 T Th ZEAIK
T M PR B A X R, A AR R A T AR bU
T, BT DL FAE A, PR U AS BB A T ol T 2R %
DRI , A XA B R 2H % U/Th FGAEL BR T XA SERE S,
HAHE SR T R L DU i i S AR
ST

Rona™ g $& | — M IH LT, BOKDIBA Th iy
U/Th FELAE R TF 1, KIS H 89 UZTh FUAE /T 1.
AR U/Th FEAE R T 1 AORE S, ORI 8, i 2
W FEIAEE FE WFFE X FRAE b (6 2) B HUA B
B R PR T BRI U/Th FUAE AR =5 , fi i ml 3k
1 005.45, 38K T 1. X RBEH e B b3 M R 01
P BORCER YRR, 340 J5 0 vt Vg PR A5 v R BB A AE
P B, AR AT B = B U/ Th HAEDR 38 i A
BB NI % sh WA E 455 .
3.3 Sr/Baltt{&

Sr.Ba &b 2= M B LA 4 T8 T R, AMUAT LA
FH Sv/Ba (B[4 A5 Ak >k I Wit | i AHDTER ), i HL AT LA
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Fig.4 Changes in element content and ratio characteristics of the Mast flat section in the Weng'an phosphate mining area,

Guizhou province

The red circle represents that the element content is too low; the blue circles represent the Mn/Al and P/Al values of sample BPMO1-5-3, for reference only; the brown circle

represents the sample with a U/Th value greater than 1; the yellow circle represents the sample with a Si/Ba value less than 1; the pink area is a layer with relatively enriched ele-

ments; the light blue area is an oxygen deficient area; the dark blue area represents the hypoxic zone

®5 AREEHEFMEPH U/ThLEEE
Table 5 Range of U/Th ratios in different ancient

marine environments

J— U Pok RN
SMLIREE REMEE BEEREE SCHik
YU GO
Th/U >7 2~7 ) [35]
U/Th <0.14 0.14~0.50 >0.50 AR HEBS A
U/Th <0.75 0.75~1.25 >1.25 [34]
U/Th > <l [36]

AR Sy i T SIS RO TR AR PR AR in )™ 40K
TR (e f 22 12 ) h B BB ITURR 5 B4 Sr/Ba L
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Fig.5 Distribution pattern of rare earth elements in rock samples from the Niutitang Formation in the Shantun section,

Weng'an phosphate mining area, Guizhou province

(a) samples from the top of Dengying Formation to the polymetallic enrichment layer of Niutitang Formation; (b) samples from the multi metallic layer of Niutitang Formation to

the bottom of Mingxinsi Formation
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Fig.6  Paleoenvironmental reconstruction patterns of the Niutitang Formation biota in the Weng'an phosphate mining area

in Guizhou province, before and after its appearance

(a) on the eve of the emergence of biological communities; (b) biota flourishing period; (c) after the flourishing period of the biological community
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Elemental Geochemical Characteristics and Significance of the
Cambrian Niutitang Formation in the Weng’ an Phosphate Mining
Area, Guizhou Province

PANG YanChun, LIN Li
Institute of Sedimentary Geology, Chengdu University of Technology, Chengdu 610059, China

Abstract: [Objective] The early Cambrian period represents a significant epoch of geological and biological trans-
formation in Earth’s history. This period witnessed not only the emergence of numerous skeletal-bearing metazoans
but also the formation of significant metal mineral deposits. The Niutitang Formation, widely distributed across South
China, represents an important stratigraphic unit from this period. Researching the characteristics of elemental geo-
chemistry in Niutitang Formation reflects not only the environment of sedimentation and deposition of this period , but
also it is significant to the exploration of early life evolution and environmental synergy.[ Methods ] By means of petro-
logical, mineralogical, and geochemical analysis of the Shantun section in Weng'an, Guizhou, the sedimentary envi-
ronment of the Niutitang Formation is discussed.[ Results] The Niutitang Formation in the Weng'an phosphate min-
ing area of Guizhou is clearly divided into the upper phosphate rock and black shale members, with the polymetallic
layer located at the transition between these two lithological sections. The Niutitang Formation biota is located in the
upper part of the polymetallic layer and at the bottom of the black shale that covers it, suggesting a close relationship
between the appearance and prosperity of the Niutitang Formation biota and the special geological event represented
by the polymetallic layer. Irregular dolomite debris is commonly found at the bottom of the upper phosphate rock mem-
ber, with overlying phosphate rock and polymetallic ore developing gravel debris structures, and the morphology of
glauconite is commonly irregular, which reflects the stronger hydrodynamic force of the local environment of the an-
cient ocean at that time. Barite lenses and pyrite laminations are developed in the polymetallic layer and the black
shale overlying it. Pyrite, chalcopyrite, and sulfide nickel minerals are commonly found coexisting in the ore, which
are consistent with the characteristics of modern ocean floor hydrothermal black chimneys. The geochemical V/Cr and
Ni/Co characteristics of the Niutitang Formation indicate that the ancient marine environment during its sedimentary
period was anoxic or hypoxic, which is consistent with the sedimentary characteristics of the Niutitang Formation.
However, a series of abnormal values were observed in the upper part of the upper phosphate rock member, the
polymetallic layer, and the black shale bottom layer closely covering it: V/Cr, Ni/Co, U/Th (U/Th>1), P, and vari-
ous trace element contents reached their peak, and Sr/Ba (Sr/Ba<1) reached its lowest value. In this layer, samples
exhibit clear negative Ce anomalies and slight enrichment of light rare earth elements. Additionally, a sample in the
middle of the black shale member showed a positive Eu anomaly. These rare earth element characteristics fall be-
tween hydrothermal fluids and typical seawater. In summary, the geological event represented by the polymetallic lay-
er is a hydrothermal upwelling activity event in ancient oceans. Hydrothermal activity can be divided into three dis-
tinct stages, with the second stage having the highest hydrothermal composition and being highly consistent with
paleontological records.[ Conclusions ] The geochemical characteristics of the elements further prove the existence of
submarine hydrothermal activity during this period. Based on this, a comprehensive reconstruction of the paleoenvi-
ronmental evolution model of the Niutitang Formation biota before and after its appearance in the Weng'an phosphate
mining area was conducted ,taking into account the sedimentary geological background.

Key words: bottom of the Cambrian, Niutitang Formation biota; polymetallic layer; hydrothermal activity;

oxygenation event



