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Abstract: The recently discovered Yangchang deposit in Zhenxiong County, Zhaotong City, Yunnan Province is an
ultra-large-scaled buried phosphate deposit. Previous research on this deposit mainly focused on the metallogeny,
while the study of sedimentary geochemistry and the paleoenvironment is lacked. More importantly, the inorganic
(8"Con
reported. In this study, three drill cores (ZK001, ZK0701, ZK1512) in Yangchang phosphate deposit were selected

) and organic (513C0,,g) carbon isotopes as well as their relationships in the early Cambrian were rarely
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and 513C0rg. Both §"C

cambrian Dengying Formation and the bottom of its overlying Zhujiaqing Formation, which is consistent with the

for high-resolution investigations of 8" C and 513CUrg show negative shifts in the top Pre-

carb carb

global Basal Cambrian Carbon Isotopic Excursion (BACE), likely due to the oxidation of organic carbon reservoir.
However, we did not find significant positive shifts in the overlying strata (i. e., Zhujiaqing Carbon Isotopic Excur-
sion, ZHUCE), which may be caused by sedimentary hiatus given that the Yangchang phosphate deposit is mostly
intra-clastic phosphorus-rich deposits. Nevertheless, we propose that this phosphate deposit was mainly formed dur-
ing the Fortunian according to the comparison between the §”C_, in the three drill cores and the composite profile
of 8"C,_,, in South China. The comparisons for the 8" C_,, and BBCmg values in the drill cores ZK001 and ZK0701,
show that the average value of the AC . (difference between 8"”c,,,, and 513C0rg) is 28. 8%o and 22. 2%o in the
Dengying Formation, and these values change to 31. 7%o and 31. 7%o at the bottom of the Zhujiaqing Formation,
and 29. 6%o and 29. 8%o, in the middle and upper of the Zhujiaqing Formation, respectively. We propose that the
decoupled §"C_, and 513Cmg occurring in the middle of the Zhujiaqing Formation may be caused by the increased
primary productivity or buried organic carbon. In summary, the high-resolution paired inorganic and organic carbon
isotopes in this work indicate the formation time of Yangchang phosphate deposit and shed light on associated paleo-
environmental changes, which also support the regional stratigraphic correlation.

Key words: Eary Cambrian; organic carbon isotopes; inorganic carbon isotopes; phosphate deposit; Zhaotong,
Yunnan
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Fig. 6 Comparisons of carbon isotope curves between the three drill cores of Yangchang phosphate deposit (a~c) and the

composite Cambrian profile from South China(d, after Zhu Maoyan et al. , 2019)
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gray area represents the carbon isotope change trend corresponding to the Dengying Formation; light green area represents the

carbon isotope change trend corresponding to the Zhujiaqing Formation; light yellow area represents the carbon isotope change

trend corresponding to the Niutitang-Mingxinsi Formation



1094 A

i W

A
= % Gk

43 4%

WA RS T R4 1284 —3%, i S5 iHh 4
VY2 By T2 BRI (] 6 Hedgta X)) . 78
ek T A2 159 386G, (HZ W iE fi , & TE
0% 25 Ak, 7E M2 M /Y 348 87 C,,, HAREL 2
Y IE A B a3, T LS R IV R R = AR AT
SFE R AR — B (1A 6 B AKX

HT I AT DL 3 S i A 1) e ) o7 2% 722 Ak it 2k 5 4
A FE I AR R [F) 0 3R 55 M e i 78 i A B — B ST
TR I S E B Z 5 &4 R
AT LA B FE R R A BACE 4, B4 H E H B
R B AR, R IR B9 B AN 2% 8 T4 2% == it
iz,

ZHUCE 1F 57§ 75 P4 41 ) 0 A0 42 1 oK 58 43 5] 1l
ERIK—A~8"C,,, AR T 4%0l¥ 514 ( Kouchinsky
et al. , 2007) ABAEEGBEH 19 3 AL AR &
Bl FEYERFAF (2022) X BT DA™ T BEEA BT Y
iR B TR AE RS2 L 1 B 22 IR
Ji@ [ A A ) S B3 A s s, 55 UL 205 4 1) B R
JZo HE TR 4b FIE dc, AT BRI 22 N 1A T 2
(8 WEDUAR, LB B p b i) A 3 8 49 B 6,
JRRAEG, RITE W0 AR K F AT 5 8
I 8 2 Y 8 2 1] AT R A7 A ORR B) BB, 30 7T i A2 3 B
e R} o7 Z A5 51 S 1) St DAl
4.2 8“C,, 5é°C,, MEXRREREHEREN

WEE LT, W) — 5 R A T LR S5 A LK
[ R HA MG KR, BOARIC R TR RZ R
JKf5 B (Meyer et al. , 2013; Zhang et al. , 2023),
B Y A — 2 SR AR I R I T Bk
iR U T O | X AR RV R X 67 C, 1Y 52
%45 (Jiang et al. , 2012; Oehlert and Suart, 2014)
AU FE AR FL ZK001 FgLfL ZKo701 sy 8°C,,, 5
8°C,,, TEAT B4 TR 2 2R 5K 75 21 IS R 44 ] I — 2y
il (HIERZEH D I 6@c,,, 5 8°C,, i
CE 2 B 3), RS B e st 4 7 o 5
AN R E R AT LR B T AL 3 A
( Oehlert and Suart, 2014; Li et al. , 2022) ., FHEM
ERAGIES S BE i oWk A b R S E NS
HTAT W R PR — R B S B e i AR Y i
TR HRAETE R KA 13 i A BL ( DOC) fi# 5, DOC 1Y
) B S A 2 38 87 C,,, M B, 1T 87C,, BEATR
Ff A 2% ( Rothman et al. , 2003; Johnston et al.
2012a; Yang et al. , 2021) ; 55 —FEULIA Jy 52 2] B
S I 9 AR 81 R0 A T An DR R K Y 5 e

(Knauth and Kennedy, 2009) 35 5 A 1E F ( Derry,
2010) %58 8"C,,, 5 6"C,, MR, A, BA ¥
B E AR AR A DB RSP ke 1 5 1 R A A
Y Sk fife Fe sk [ 5 28 48 A R 09 B 4 (Johnston
et al. , 2012b) ,

EFER L R, S Bk L i 2K AL T4 R
R WZEWE KB AL T )32 SRS (Sahoo et al.
2012; Och et al. , 2013) , Fi7 KRB 25 M PG EE T Fif
TR, KA, ASF T B BRER A DURR, i 4 - 2%
(1% = s BELPY T 8 R AR 1 L TR e sl , H Y
A S AR AR FH AN CO, T FES | & Sk 2 AR v,
FECR R A WG R 5 R E K EIf (Zhang et al. |
2021) , 3 A il S0 KR BRI TR R AR L 3T C
YTEE 7K LA SR v B 5 i A DL 2 ( DOC) (Jiang
et al. , 2012) , 5 WA B IR0 B RIS a5 B T
{18 7 Ui A 0 25 ) S T DS TR i A IR e s Dt V.
(K 7a) , fEER M SCA SR T, X 2R T 45 B 1L
FERRAE TR (I Th) (R 4EAE, 2022) , %
AC, ., THEKUH CO, WREER s, AEMG K h S AL i
JEAE A EL SR Z PR e OB A Bl R e LA
8°C,,, H.6"C,, 5 (Gao et al., 2023; IE %,
2023), TEFEGHED AT A B R T E ALK,
AC.,,,.., T 28. 8% Mt 8h,67C,,, 5 6°C,, #&;
SR TERFHH THE AC,,,,.,,, FIME IR B ETHE
(29°H 32. T%0) , 35 W LS BRI RRAG B0 07 1% AN 2 32 IS 7K
AR DOC A PERR 4 S8 Ak i s ), DR A i e
SR ALK DIC [A) f7 £ 28 B B 1 £
8°C.,,, WU, DOC fiff FE I AFFE G2 vh T 87C,,, Ak
(Smith et al. , 20165 {1655, 2017) , FEAC,,,.,
{E FEAR, AH B, A8 A 55 19 A 45 L (ZKoo1 Al
ZKO701) H) AC, ., AERESTE, A8 BUCA AV AT
e s C,,, BIED (Jiang et al. , 2012) {HZEH
BRI T IR AC,,,.., TH 2 H TR E ™ )
iR X A BILRR MG 0, A B R 8 C,, 1F TR
(L 7b) PR A S8 5 20 30 A BLBR & 1 (TOC)
FHN (Wang et al. , 2015) , 7R B8 Fa Py s % A=
TZRMIR) i FE, Longman 55 (2021) A X Al i 5k
LS B 5%, PR LR A IbRE 25 5 RS B 48 17 194 5
MR TV P B AE 3R, B, MR R 4
IR 8°C,,, 2 IEWE, AC,,, ., T EFEAT
#129.61%0,8"C,,, 5 87C,, W NHEKFR, [
PERERE TOC BB AR (18 2 (181 3 (BT Te) |, HEM
iR S T 5 v 3 7 R A A DL RR S S =, A AL



551

RUSCAAE 2 v B G R € B ToHLa |

AU R F 5 1095

prasties O ey

B

JalifiErl?

: iR
AC cartorg/ %o TELIFTR

e

: W

THEF I

PRI

TR

K7 R 8°C,,, fsvC,,

 ESOnE

B E (oA |4, 2022)

Fig. 7 Covariant patterns of 8”C,,,, #ll 313C0rg in Yangchang phosphate deposit( modified from Yue Weihao et al. , 2022)

PRI FAERMAAE
45ie

(1) IR T A T R R
LR W AT — YD 21 2 7 30 36 6 0 33t 5 4 g 9
AR BRI o7 22 25 4 MR A 0 L 2RI, S 3
VCIRIF) 3 22 6 01T 59 K R 1 BACE 52 3 4 u
7, A A SR AT BB P A i G

(2) TEARWBIIER] 3 AHAL A & LI K

T 4%ty 87 C,, 1L (ZHUCE ) , 45 & 55 FLEE i W
oL I\ A2 L X A A 1 9 2H R R R 55 4 2 A ]
REAFTEDURRINT . T 3 NN LA i S )2 244
TR R fmfe 2z L BURF E A R, a5
Ao rg M X B[Rl R 2R A & XT L N B Y
R i O FER 2 A o 2 =2 1

(3) i ot % 4L FL ZKoo1 #1 4k FL ZKo701
8"C,,, Masvc,, MR, 8 C,,, M8 C,, 1E
KT 52 20 TR 28 A4 5 55 2H G | A 55 5 4L T 22 W0
SEHMNI G AR ARG L P AR I R %



1096 A

i W

43 4%

SRR IR G 2 I DA A0 20 A 7 g 8 5 i 5 A HIL AR S8
TR AN 5 AT B A 20 4P SR A P 2

Bt AR HFINT=HRFLLMER . H
FRFRRCEKBEBEFER AR ZHARFAER
B PE EH I KT FEALAR T RS H
I, FABOTLELITEE RAH T % — 5t
KT RO

References

Cook P J. 1992. Phosphogenesis around the Proterozoic-Phanerozoic tran-
sition[ J]. Journal of the Geological Society, 149(4): 615~620.

Derry L A. 2010. A burial diagenesis origin for the Ediacaran Shuram-
Wonoka carbon isotope anomaly[ J]. Earth and Planetary Science
Letters, 294(1~2) . 152~162.

Gao L, Yang R D, Wu T, et al. 2023. Studies on geochemical character-
istics and biomineralization of Cambrian phosphorites, Zhijin,
Guizhou Province, China[ J]. PLoS ONE, 18(2): e0281671.

Halverson G P, Hoffman P F, Schrag D P, et al. 2005. Toward a Neo-
proterozoic composite carbon-isotope record [ J]. Geological Society
of America Bulletin, 117(9): 1 181.

Jiang G Q, Wang X Q, Shi X Y, et al. 2012. The origin of decoupled
carbonate and organic carbon isotope signatures in the Early Cambri-
an (ca. 542~520 Ma) Yangtze platform[ J]. Earth and Planetary
Science Letters, 317: 96~110.

Johnston D T, MacDonald F A, Gill B C, et al. 2012a. Uncovering the
Neoproterozoic carbon cycle[ J]. Nature, 483(7 389) . 320~323.

Johnston, Poulton D T, Goldberg S W, et al. 2012b. Late Ediacaran red-
ox stability and metazoan evolution[ J]. Earth and Planetary Science
Letters: A Letter Journal Devoted to the Development in Time of the
Earth and Planetary System, 335-336: 25~35.

Knauth L P and Kennedy M J. 2009. Adelaide research and scholarship:
The Late Precambrian greening of the earth[J]. Nature Publishing
Formation, 460(7 256) ; 728~732.

Kouchinsky A, Bengtson S, Pavlov V, et al. 2007. Carbon isotope stra-
tigraphy of the Precambrian-Cambrian Sukharikha River section,
northwestern Siberian platform[ J]. Geological Magazine, 144(4) :
609~618.

Lan Z W, Li X H, Chu X L, et al. 2017. SIMS U-Pb zircon ages and Ni-

Mo-PGE geochemistry of the lower Cambrian Niutitang Formation in

South China: Constraints on Ni-Mo-PGE mineralization and strati-
graphic correlations[ J]. Journal of Asian Earth Sciences, 137, 141
~162.

Li D, Ling HF, Jiang S Y, et al. 2009. New carbon isotope stratigraphy
of the Ediacaran-Cambrian boundary interval from SW China; Impli-
cations for global correlation[ J]. Geological Magazine, 146 (4) .
465 ~484.

LiY, Wang S B, Xia J, et al. 2022. Geochemical characteristics and
their marine environmental and organic source implications for the
Lower Cambrian shales in Guizhou Province, South China[ J]. Lith-
osphere, (Special 9) : 5210610.

Longman J, Mills B J W, Manners H R, et al. 2021. Late Ordovician cli-
mate change and extinctions driven by elevated volcanic nutrient sup-
ply[J]. Nature Geoscience, 14; 924~929.

Lii Jun, Rang Hao, Guo Yang, et al. 2021. The gelogical feature and a
preliminary analysis of sedimentary environment of Yangchang depos-
itin Zhenxiong, Yunnan[J]. Yunnan Geology, 40(1): 76~82 (in
Chinese with English abstract) .

Meyer KM, Yu M, Lehrmann D, et al. 2013. Constraints on Early Trias-
sic carbon cycle dynamics from paired organic and inorganic carbon
isotope records[ J]. Earth and Planetary Science Letters, 361 429
~435.

Mi Yunchuan, Huang Taiping, Zhou Qian, et al. 2021. The sedimentary
environment and resource potential of the newly discovered
Yangchang super-large phosphate deposit in the Zhenxiong area,
Yunnan[ J]. Geology and Exploration, 57(4) : 808 ~824 (in Chi-
nese with English abstract) .

Och L M, Shields-Zhou G A, Poulton S W, et al. 2013. Redox changes
in Early Cambrian black shales at Xiaotan section, Yunnan Prov-
ince, South China[ J]. Precambrian Research, 225 166~ 189.

Oehlert A M and Swart P K. 2014. Interpreting carbonate and organic
carbon isotope covariance in the sedimentary record [ J]. Nature
Communications, 5: 4672.

Reis A, Erhardt A M, McGlue M M, et al. 2019. Evaluating the effects
of diagenesis on the 6"°C and 80 compositions of carbonates in a
mud-rich depositional environment; A case study from the Midland
Basin, USA[J]. Chemical Geology, 524: 196 ~212.

Rothman D H, Hayes ] M and Summons R E. 2003. Dynamics of the
Neoproterozoic carbon cycle[ J]. Proceedings of the National Acade-
my of Sciences of the United States of America, 100(14) . 8 124~

8 129.



55 1

XU o v B W R IE iU HETOHLaR | A HUBR ] (L =5

1097

Sahoo S K, Planavsky N J, Kendall B, et al. 2012. Ocean oxygenation in the
wake of the Marinoan glaciation[ J]. Nature, 489(7 417) ; 546~549.

Saltzman M R, Ripperdan R L, Brasier M D, et al. 2000. A global car-
bon isotope excursion ( SPICE) during the Late Cambrian; Relation
to trilobite extinctions, organic-matter burial and sea level [ J].
Palaeogeography, Palaeoclimatology, Palaeoecology, 162 (3 ~4) .
211~223.

Shi Wei, Li Chao and Thomas J. 2017. Quantitative model evaluation of
organic carbon oxidation hypotheses for the Ediacaran Shuram carbon
isotopic excursion[ J]. Science China, 47(12); 1 436~1 446 (in
Chinese with English abstract) .

Smith E F, MacDonald F A, Petach T A, et al. 2016. Integrated strati-
graphic, geochemical, and paleontological late Ediacaran to early
Cambrian records from southwestern Mongolia[ J]. Geological Socie-
ty of America Bulletin, 128(5~6) ;1 056~ 1 056.

Sun Y, Qing O Y, Lang X L, et al. 2023. Global sea-level fall triggered
Ediacaran-Cambrian unconformity in North China craton[ J]. Earth
and Planetary Science Letters, 622, 118411.

Topper T, Betts M J, Dorjnamjaa D, et al. 2022. Locating the BACE of
the Cambrian: Bayan Gol in southwestern Mongolia and global corre-
lation of the Ediacaran-Cambrian boundary[ J]. Earth-Science Re-
views, 229. 104017.

Wang Jin, Lin Yibo and Yang Tao. 2023. Evolution of environmental oxi-
dation and reduction of seawater in Three Gorges area in Early Cam-
brian; Evidence from decoupled carbon isotopes in Luojiacun section
[J]. Petroleum Geology and Experiment, 45(1): 157 ~ 167 (in
Chinese with English abstract)

Wang SF, Zou CN, Dong D Z, et al. 2015. Multiple controls on the pa-
leoenvironment of the Early Cambrian marine black shales in the Si-
chuan Basin, SW China: Geochemical and organic carbon isotopic
evidence[ J]. Marine and Petroleum Geology, 66: 660 ~672.

Xiong Yiwei, Pan Bin, Lii Miao, et al. 2021. A restudy of carbon isotope
chemostratigraphy of the Ediacaran-Cambrian transition in southern
Sichuan Province[ J]. Journal of Stratigraphy, 46 (3) . 230 ~ 244
(in Chinese with English abstract) .

Xue Ke and Zhang Runyu. 2019. Advances of researches on the distribu-
tion and metallogenic characteristics of phosphorous deposits in Chi-
na[ J]. Acta Mineralogica Sinica, 39(1):7~14 (in Chinese with
English abstract) .

Yang H'Y, Xiao J F, Xia Y, et al. 2021. Phosphorite generative proces-

ses around the Precambrian-Cambrian boundary in South China; An

integrated study of Mo and phosphate O isotopic compositions|[ J].
Geoscience Frontiers, 12(5) : 101187.

Yuan CS, LiuS G, Chen J T, et al. 2022. Zinc isotopic evidence for en-
hanced continental weathering and organic carbon burial during the
late Cambrian SPICE event[ J]. Palaeogeography, Palaeoclimatolo-
gy, Palaeoecology, 608 111302.

Yue Weihao, Huang Yanhua and Dao Tinghong. 2022. Geological char-
acteristics and resource potential of the super-large high-quality phos-
phorite deposit of the Yangchang in Zhenxiong County, Yunnan
Province[ J]. Geological Bulletin of China, 41(5) ; 846~856 (in
Chinese with English abstract) .

Zhang G J, Chen D Z, Huang K J, et al. 2021. Dramatic attenuation of
continental weathering during the Ediacaran-Cambrian transition ;
Implications for the climatic-oceanic-biological co-evolution [ J ].
Global and Planetary Change, 203, 103518.

Zhang X L and Cui L. H. 2016. Oxygen requirements for the Cambrian ex-
plosion[ J|. Journal of Earth Science, 27(2); 187~195.

Zhang Xingliang. 2021. Cambrian explosion: Past, present, and future
[J]. Acta Palaeontologica Sinica, 60(1): 10~24 (in Chinese with
English abstract) .

Zhang Y G, Yang T, Newton R J, et al. 2023. Seawater carbon and
strontium isotope variations in the eastern Tarim Basin during the
Cambrian; Implications for connection with the open ocean [ J].
Journal of Asian Earth Sciences, 253 105702.

Zhu M Y, Babcock L E and Peng S C. 2006. Advances in Cambrian stra-
tigraphy and paleontology : Integrating correlation techniques, paleo-
biology, taphonomy and paleoenvironmental reconstruction [ J ].
Palaeoworld, 15(3~4) . 217~222.

Zhu MY, Li G, Zhang J, et al. 2001. Early Cambrian stratigraphy of
East Yunnan, southwestern China; A synthesis[ J]. Acta Palaeonto-
logica Sinica, 40( Sup. ) : 4~39.

Zhu M Y, Strauss H and Shields G A. 2007. From snowball earth to the
Cambrian bioradiation: Calibration of Ediacaran-Cambrian earth his-
tory in South China [ J ]. Palaeogeography, Palaeoclimatology,
Palaeoecology, 254(1~2); 1~6.

Zhu Maoyan, Sun Zhixin, Yang Aihua, et al. 2021. Lithostratigraphic
subdivision and correlation of the Cambrian in China[ J]. Journal of
Stratigraphy , 45(3) : 223~249 (iin Chinese with English abstract) .

Zhu Maoyan, Yang Aihua, Yuan Jinliang, et al. 2019. Cambrian integra-
tive stratigraphy and timescale of China[J]. Science China Earth

Sciences, 49(1): 26~65 (in Chinese with English abstract).



1098 " A

¥R LERE

Bt e 32 2% STk

=
=

®, ik 5,3, & 2021, SEFRUME R EI BT M TR
KUTRRREEEAT[]. =g, 40(1): 76~82.

Kz, R, 25, % 2021, =B X 3 & IR R K

it

BARRR YU EREE B PRI 1 04T (1], HBRS IR, 57(4) : 808
~824.

M, 2= #, Thomas J. 2017. 3Rl KH740 Shuram B[4 Z 61 i
HA PR AR A RITAL (], b E R, Bk R
E47(12): 1436~1 446.

Hi, A6E, B . 20230 =l KR FER K SRR JFIE
B AR ——k [ B S 1 5k [ 00 2 AR AR A E G (7], AT
SCEHBIR, 45(1) ; 157~167.

AERAE, W O, BB, 4R 20220 DU R R a0 - FE A
TP IR EA R AR E AT (D] MR, 46(3) : 230
~244,

BB, SKIETE. 2019, P EBEDT IR A A X H R R AE AT 5T 0 R
[J]. w3, 39(1): 7~14.

ERYET, BHAE ) TIWTLL. 2022, L FRAMG o MR £
BUOL PR M BRR AR SR IRV T [ J]. BT A, 41(5) : 846~
856.

Hpess. 2021, FERLGRBRML L MIESHRE]]. HEYHR,
60(1): 10~24.

RIEH, INVER, BB, . 2021, ThETERAE AT R R4 RIS
Fo[J]. Hb)22¢2uk ) 45(3) : 223~249.

RIER, B, HAR, 4. 2019 HREIFER LS 5 HZ RIS HE
ZRLT]. hEPRE . HERERE, 49(1) : 26~65.



