
1 Introduction 
 

Huge amounts of oil and gas have been discovered in 
the ultra-deep Cambrian strata of the Sichuan and Tarim 
basins in China, with the largest potential contribution 
being from the lower Cambrian black shales (Zhang and 
Huang, 2005; Zou et al., 2014). The Cambrian is the first 
period of the Phanerozoic Eon, the explosion of Cambrian 
life indicating a revolutionary transition in the evolution of 
life,  from  the  Proterozoic  ecosystem  dominated  by 
autotrophic  organisms  to  the  Phanerozoic  ecosystem, 
characterized by heterotrophic predators (Zhu et al., 2019; 
Zhang and Shu, 2021). In the Sichuan Basin and the 
Yangtze Craton where it is located, both thickness and 
distribution range of the lower Cambrian black shale are 
very large,  the  organic  carbon burial  mechanism and 
carbon cycle  process  having been extensively  studied 
(Ishikawa  et  al.,  2013;  Zhang  et  al.,  2020b).  The 
Chengjiang Biota and the Qingjiang Biota, discovered in 
the Yangtze Craton, record early Cambrian life in shallow 
water and deep water, respectively (Zhao et al., 2010; Fu 
et al., 2019). However, in the Tarim Basin, the already 
discovered lower Cambrian black shale is thin (mostly  
<30 m) and limited in scope (Zhu et al., 2018). This is 
related to the unfavourable research conditions for the 
Cambrian sediments in the Tarim Basin, such as the large 
burial depth, limited deep drilling cores, poor outcrop 
exposures, harsh field work environment etc.. Therefore, it 
is important to use deep drilling cuttings to carry out 

identification and  distribution prediction for  the lower 
Cambrian black shale in the Tarim Basin. 

Based  on biostratigraphic  research,  the  base  of  the 
Terreneuvian, Miaolingian and Furongian in the current 
quadrant scheme (Terreneuvian, Series 2, Miaolingian and 
Furongian) of the international Cambrian System has been 
established  (Zhu  et  al.,  2019).  However,  Cambrian 
biostratigraphic studies on the Tarim Basin were mainly 
conducted  several  decades  ago  and  concentrated  in 
peripheral outcrops, such as the Kuluketage region in the 
northeast and the Keping region in the northwest (Zhang, 
1983; Zhu and Lin, 1983; An and Zhang, 1986; Wang and 
Zhu, 1988; Zhang, 1990; Zhou and Chen, 1990; Lin et al., 
2001; Dong et al., 2009). Due to a limited quantity of 
drilling cores and cuttings, only a few biostratigraphic 
studies have been carried out in the area covered (Xiong et 
al.,  2011; Huang et  al.,  2017).  In most  cases,  rough 
inference  and  strata  divisions  were  made,  based  on 
lithological features, well logging and seismic stratigraphy 
(Cai et al., 2014; Yan et al., 2020), which might limit the 
target accuracy and increase the risk of failure during  
ultra-deep petroleum exploration. 

In recent years, sampling accuracies and data sources 
for carbon isotopic compositions of carbonate (δ13Ccarb) 
and organic carbon (δ13Corg) have continued to increase. 
Variations  of  paired  δ13Ccarb  and  δ13Corg  record  the 
changes  between  the  fraction  of  organic  carbon 
manufactured and preserved through time (Kump and 
Arthur, 1999), as well as providing clues to trace the 
redox conditions of the oceanic environment and the 
origin of  the organic carbon (e.g.,  planktonic algae, 
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photosynthetic bacteria or chemoautotrophic bacteria) 
(Hayes et  al.,  1999).  Obvious δ13Ccarb  or/and δ13Corg 
anomalies  (negative  or  positive  excursions)  are 
considered  as  carbon cycle  perturbations,  which are 
closely  related  to  a  series  of  oceanic  oxic  events 
(OOEs) or oceanic anoxic events (OAEs), as well as 
biological radiation and/or extinction events (Jenkyns, 
2010; Alcott et al., 2019). Therefore, a high-resolution 
carbon isotope profile is often used as an alternative 
method in fine stratigraphic division and comparison, 
especially  when  the  chronostratigraphic  and 
biostratigraphic  data  are  lacking.  The  currently 
established and widely-used global Cambrian δ13Ccarb 
standard  curve  consists  of  6  negative  excursions 
(BACE, SHICE, AECE, ROECE, DICE, TOCE) and 4 
positive excursions (ZHUCE, CARE, MICE, SPICE) 
(Fig. 1) (Zhu et al., 2006; Zhu et al., 2019). Limited 
sample demand and high data reproducibility of δ13C 
analysis  further  act  to  ensure  that  carbon  isotope 
stratigraphy has  become  the  method  with  the  most 
potential  to  do  fine  stratigraphic  division  and 
comparison in the area covered (Chen et al., 2020). 

Herein,  we  report  δ13Ccarb,  δ13Corg  and  total  organic 
carbon (TOC) values of cuttings within the 5000‒4500 m 
interval of the Tadong2 Well in the eastern Tarim Basin. 
The three carbon isotope anomalies of BACE, ROECE and 
SPICE were recognized from the δ13Ccarb profile (Fig. 1). 

2 Geological Setting 
 
2.1 Tectonic and paleogeographic setting 

The Tarim Basin is the largest basin in China, with a 
crystalline basement formed in the Neoarchean Era and 
cratonization occurring in the Mesoproterozoic Era (Zhai, 
2013). The Tarim Block is a microcraton, but is important 
in the reconstruction of ancient supercontinents, such as 
the  Columbia,  Rodinia,  Gondwana  and  Pangea 
supercontinents (Meert and Santosh, 2017; Zhao et al., 
2018). Almost all models place the Tarim Block at the 
outer  edge of  each supercontinent,  except  the  Pangea 
supercontinent  (Zhao et  al.,  2018),  indicating that  the 
Tarim Block might have been evolving independently 
until  the  Ordovician  Period  (Fig.  2a‒b).  During  the 
Cryogenian and Ediacaran periods, along with the breakup 
of the Rodinia supercontinent and the evolution of the 
Paleo-Tethys Ocean, the Tarim Block underwent strong 
rifting and received deposition in the north and southwest 
(Bai et al., 2020; Ren et al., 2020). By the early Cambrian, 
the  Tarim Block  might  have  evolved  into  a  passive 
continental margin and developed synsedimentary faults in 
the  North  Depression  (Guan  et  al.,  2019)  (Fig.  2c). 
Throughout most of the duration of the Cambrian and 
Ordovician periods, the Tarim Block was a small isolated 
block surrounded by deep-ocean basins, independent from 
the  eastern  and  western  parts  of  the  Gondwana 

Fig. 1. Global Cambrian chronostratigraphy, carbon isotope stratigraphy (Zhu et al., 2019) and δ13Ccarb and δ13Corg profiles of the Ta-
dong2 Well in the Tarim Basin (this paper).  
BACE = Basal Cambrian Carbon isotope Excursion; ZHUCE = ZHUjiaqing Carbon isotope Excursion; SHICE = SHIyantou Carbon isotope Excursion; CARE = 
Cambrian Arthropod Radiation isotope Excursion; MICE = MIngxinsi Carbon isotope Excursion; AECE = Archaeocyathid Extinction Carbon isotope Excursion; 
ROECE = Redlichiid-Olenellid Extinction Carbon isotope Excursion; DICE = DrumIan Carbon isotope Excursion; TOCE = Top of Cambrian Excursion. 
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supercontinent  (Fig.  2a‒b).  Following  the  global 
transgression  and  the  assembly  of  the  Gondwana 
supercontinent in the Cambrian Period, the Tarim Block 
gradually moved to  the  mid latitudes of the southern 
hemisphere from the lower latitudes of the tropical region, 
approaching  the  western  side  of  the  East  Gondwana 
supercontinent (Zhao et al., 2018) (Fig. 2b). The Middle 
Oldland of the Tarim Block gradually submerged to form 
a large-scale platform named the West Platform (Zhao et 
al.,  2011).  Between the West Platform and the Luoxi 
Platform,  there  was  a  depression  named  the  East 
Depression (Zhao et al., 2011) (Fig. 2d). 
 
2.2 Lithostratigraphic setting 

In the western Tarim Basin, the Cambrian System is 
divided  into  (from  bottom  to  top)  the  Yurtus, 
Xiaoerbulake,  Wusonger,  Shayilik,  Awatag  and 
Xiaqiulitag formations (Zhu et al., 2019). The black shale 
of the Yurtus Formation, with a thickness of less than 20 
m, was deposited in the early Cambrian (Zhu et al., 2018). 
Parallel  unconformities  between the  Yurtus  Formation 
with the underlying Ediacaran Chigebrak Formation and 
the  overlying  Cambrian  Xiaoerbulake  Formation  have 
been found in the Keping and Shiairike outcrop sections 
(Zhang et al., 2020c; Zhu et al., 2021c). The upwards 
Xiaoerbulake,  Wusonger,  Shayilik,  Awatag  and 
Xiaqiulitag  formations  are  continuous  depositions  and 
dominated  by dolostone.  According to  carbon isotope 
stratigraphy, Zhang et al., (2020c) proposed a long-term 
sedimentary  discontinuity  between  the  Yurtus  and 
Xiaoerbulake formations. Therefore, the Cambrian record 
in the western Tarim Basin may be incomplete. 

In the eastern Tarim Basin, the Cambrian System is 

divided  into  (from  bottom  to  top)  the  Xishanblaq, 
Xidashan, Mohershan and Tuershaketage formations (Cai 
et al., 2014). Among them, the Mohershan Formation used 
here  contains  the  Mohershan  and  Chuanxingshan 
formations mentioned in Zhang (1990) and Zhu et al. 
(2021c).  In most places,  the chert at the base of the 
Xishanblaq  Formation  unconformably  overlies  the 
glaciogenic  Hankalchough  Formation  resulting  from 
probable Ediacaran glaciation. The Xishanblaq Formation 
and the upwards Xidashan, Mohershan and Tuershaketage 
formations  are  continuous  depositions  with  gradual 
variations from black shale to argillaceous limestone and 
then to  limestone.  The Ordovician Heituao Formation 
overlying the Tuershaketage Formation is dominated by 
black shale, with a limited distribution range in the eastern 
Tarim Basin. 
 
2.3 Biostratigraphic setting 

Biostratigraphic studies of the eastern Tarim Basin were 
mainly  from  outcrop  sections,  such  as  Mohershan, 
Yaerdang Mountain,  Querqueke  Mountain,  Xingdi  and 
Wuligezitage  (Fig.  2c).  Small  shelly  spherical  fossils, 
acrotretid  brachiopods  gen.  et  sp.  indet.  B  and  the 
Asteridium-Heliosphaeridium-Comasphaeridium  (AHC) 
acritarch assemblage appear in the chert-phosphorite unit of 
the Xishanblaq Formation in the Mohershan section and 
Yurtus Formation in the Aksu area, corresponding to the 
first small shelly zone of the Meishucunian Stage in South 
China (Yao et al., 2005; Zhu, 2007; Dong et al., 2009), 
indicating that the lower chert is very close to the Cambrian 
base (Fig. 3). The trilobite zones of Metaredlichioides-
Chengkouia,  Tianshano-cephalus  and  Arthricocephalus-
Changaspis, Pleospongia of Protospongia, brachiopods of 

Fig. 2. Paleo-plate locations (a, b) and paleogeographic features (c, d) of the Tarim Basin during the early Cambrian (540‒
530 Ma) and the Early Ordovician (480‒470 Ma). 
(a) and (b) were cited from Zhao et al. (2018); (c) and (d) were modified from Guan et al. (2019) and Zhao et al. (2011), respectively. 
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Obolella  sp.  and  archaeocyathids  of  Coscinocyathus 
mohershanensis,  C.  tarimensis,  Rotundocyathus  sp., 
Robustocyathus  cf.  kruzini  found  from  the  Xidashan 
Formation in the Mohershan section (Zhang, 1983; Zhu and 
Lin,  1983),  suggest  an  isochronous  deposition  of  the 
Xidashan Formation and Series 2 (Fig. 3). The Global 
Stratotype Section and Point (GSSP) of the Miaolingian and 
Furongian was marked by the first appearance datum (FAD) 
of  the  trilobite  zones  of  Oryctocephalus  indicus  and 
Glyptagnostus reticulatus, respectively (Peng et al., 2004). 
In the Kuluketage region, these two trilobite zones have 
been found at the base of the Mohershan Formation and the 
bottom of the Tuershaketage Formation, respectively (An 
and Zhang, 1986; Zhang, 1990). Therefore, the base of the 
Mohershan Formation may be consistent with that of the 
Miaolingian Series, while the base of the Tuershaketage 
Formation is below that of the Furongian Series (Fig. 3). In 
the Querqueke Mountain section, some other trilobites with 
FADs  in  the  Furongian,  such  as  Proceratopyge  sp., 
Pseudagnostus  sp.,  Lotagnostus  sp.,  Charchaqia  sp., 
Hedinaspis  sp.  have  also  been  found  from  the 

Tuershaketage Formation (An and Zhang, 1986). 
The GSSP of the Cambrian‒Ordovician boundary was 

marked  by  the  FAD  of  the  conodont  zone  of 
Iapetognothus  fluctivagus  in  the  Green  Point  section, 
western Newfoundland, Canada (Cooper et al., 2001). In 
the Yaerdang Mountain section, the conodont zones of 
Cordylodus proavus (pars), Cordylodus lindstroemi and 
Cordylodus angulatus have been found from the top of the 
Tuershaketage Formation, while Iapetognothus fluctivagus 
has not been found (Lin et al., 2001). As the FAD of 
Iapetognathus  fluctivagusis  lies  between the  FADs of 
Cordylodus lindstroemi and Cordylodus angulatus in the 
Green Point GSSP section (Cooper et al., 2001) and the 
Lawson Cove candidate section of Utah, USA (Miller et 
al., 2006), the Cambrian‒Ordovician boundary should be 
placed at the top of the Tuershaketage Formation, between 
the  conodont  zones  of  Cordylodus  lindstroemi  and 
Cordylodus  angulatus  (Fig.  3).  In  other  words,  the 
Cambrian‒Ordovician boundary should be lower than the 
apex  of  the  Tuershaketage  Formation.  The  Heituao 
Formation  is  rich  in  graptolites.  In  the  Wuligezitage 

 

Fig. 3. Paleontological stratigraphy of the Cambrian and Ordovician in the eastern Tarim Basin. 
Terren-, Terreneuvian; XSBLQ, Xishanblaq. Pentagrams represent key biological zones in stratigraphic division. Data sources, Zhang, 1983; Zhu and Lin, 
1983; An and Zhang, 1986; Zhang, 1990; Du et al., 2004; Yang, 1994; Lin et al., 2001; Zhu, 2007; Xiong et al., 2011; Zhu et al., 2019. 
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section,  graptolite  zones  of  Tetragraptus  bigsbyi, 
Didymograptus abnormis and Isograptus cadusens have 
been found from the middle of the Heituao Formation, 
above  the  graptolite  zones  of  Tetragraptuspende,  T. 
quadribrachiatus, and Didymograptus sp. at the bottom 
and below the graptolite zones of Cadiograptus amplus, 
Glyptograptus austrodentatus at the top (Yang, 1994). For 
the FAD of Tetragraptus bigsbyi in the Lower Ordovician 
(Chen et al., 2009), the Heituao Formation is inferred to be 
Lower‒Middle Ordovician (Fig. 3). 
 
2.4 The Tadong2 Well 

The Tadong2 is a deep well with a depth of over 5000 
m (Zhang et al., 2004). This well was drilled through the 
entirety of the Ordovician and Cambrian sediments and 
reached the Ediacaran sediment. In the Tadong2 Well, the 
Ediacaran Hankalchough Formation is mainly composed 
of diamictite, shale and dolostone, with a thickness of 
about 99 m. Dolostone at the top of the Hankalchough 
Formation might be the ‘cap dolostone’ after the last 
Ediacaran glaciation (Xiao et al., 2004). Differing from 
the outcrop sections in the Kuluketage region, the basal 
Xishanblaq Formation of the Tadong2 section is black 
shale without cherts. Based on gamma (GR) values and 
lithostratigraphic  features,  the  depth  ranges  of  the 
Xishanblaq,  Xidashan,  Mohershan,  Tuershaketage  and 
Heituao formations were set as 4974‒4920 m, 4920‒4866 
m,  4866‒4785  m,  4785‒4568  m and  4568‒4490  m, 
respectively.  The  graptolites  zones  of  Didymograptus, 
Dicellograptus,  Phyllograptus,  Pseudotrigonograptus, 
Climacograptus and Orthograptus found from the 4550‒
4555 m depth interval (Du et al., 2004), further supported 
the  proposition  that  the  Heituao  Formation  might  be 
Lower‒Middle Ordovician (Fig. 3). 
 
3 Materials and Methods 
 
3.1 Samples 

All 216 samples were collected from cuttings of the 
Tadong2 Well with a depth range of 5000–4500 m and 
varied sampling intervals, ranging from 2 m to 0.5 m. All 
samples were washed several times with clean water, then 
carefully selected to prevent contamination from detached 
particles  and  drilling fluid  crystals.  Each sample  was 
crushed  into  powder  and  placed  in  an  aliquot  for 
subsequent analysis.  
 
3.2 Methods 

Total organic carbon (TOC), whole-rock δ13Ccarb and 
δ13Corg analyses were carried out in the Key Laboratory of 
Petroleum  Geochemistry,  China  National  Petroleum 
Corporation. Major element contents of samples within 

the 5000–4950 m interval were determined in the Beijing 
Research Institute of Uranium Geology, China National 
Nuclear Corporation. 

Samples for TOC measurement were de-carbonated and 
combusted  in  a  LECO  CS-230HC  carbon/sulphur 
analyzer, following the method described in Zhang et al. 
(2016). The resulting RSD of each sample was lower than 
2.0%. 

δ13Ccarb and δ13Corg of each sample were determined 
following the methods described in Canfield et al. (2018). 
Briefly, pure kerogen was extracted from rocks through 
HCl and HF treatment as fully described in Zhang et al. 
(2016). The δ13Corg values were measured on the extracted 
kerogens  by  using  a  Flush  EA  1112  HT  O/H-N/C 
combined with a Delta V Advantage mass spectrometer. 
The mass spectrometer was standardized with GBW04406 
(δ13C =−10.85‰) and GBW04407 (δ13C = −22.4‰) with 
RSDs lower  than  0.2‰,  based  on  replicate  standard 
analysis. The δ13Ccarb of each sample was determined by 
reaction with phosphoric  acid  in  an online  carbonate 
preparation device and analysis in a Finnigan Mat-252 
mass  spectrometer  (Thermo  Scientific).  The  mass 
spectrometer was standardized with GBW04405 (δ13C = 
0.57‰ ,  δ18O  =  −8.49‰ )  and  GBW04406  (δ13C  = 
−10.85‰, δ18O = −12.0‰), with RSDs lower than 0.2‰ 
based on replicate standard analysis. All δ13C and δ18O 
values were reported relative to  the Vienna Pee Dee 
Belemnite (VPDB), with standard deviation (SD) of each 
sample  being  lower  than  0.2‰ ,  based  on  replicate 
analysis. 

Major  elements  were  determined  using  a  Philips 
PW2400  X-ray  fluorescence  spectrometer  (XRF)  and 
following the methods described in Zhang et al. (2016). 
The relative standard deviation (RSD) of each element 
was lower than 1.0%. Accuracies were tested with the 
shale standard (GBW 03014), that was measured along 
with the samples. The contents of elements of interest 
were within 10% of their reported values. 
 
4 Results 
 
4.1 Rough geochemical profiles of the Tadong2 Well 
within the 5000‒4500 m interval 

The TOC profile of the 5000‒4500 m interval from the 
Tadong2 Well has a first-order variation of an increase 
from the upper Ediacaran to the lower Cambrian, then a 
gradual decrease until the upper Cambrian, followed by 
another increase to the Lower-Middle Ordovician (Table 
1; Fig. 4). Variations of TOC and GR values are basically 
consistent with the lithological change. Black shales of the 
Xishanblaq, Xidashan and Heituao formations have high 
TOC and GR values, while argillaceous limestones of the 

 Table 1 First-order geochemical profiles of the Tadong2 Well section segmented in formation 

Formation Depth (m) TOC (%) δ13Corg (‰) δ13Ccarb (‰) δ18Ocarb (‰) 
Heituao 4568‒4500 0.35 to 5.06(2.56) −29.8 to −28.6 (−29.3) −5.0 to −1.1 (−3.7) −16.3 to −10.4(−13.5) 
Tuershaketage 4785‒4568 0.03 to 2.28(1.16) −27.9 to −24.8 (−26.6) −0.6 to +3.8 (+1.2) −10.6 to −7.2 (−8.4) 
Mohershan 4866‒4785 0.89 to 2.40(1.56) −28.5 to −26.9 (−27.7) −2.7 to +0.5 (−1.4) −9.1 to −6.8 (−8.4) 
Xidashan 4919‒4866 0.43 to 4.88(2.30) −30.4 to −28.6 (−29.7) −5.4 to −1.1 (−2.9) −12.9 to −6.9 (−9.3) 
Xishanblaq 4974‒4919 0.08 to 10.0(2.78) −32.1 to −25.6 (−29.9) −7.8 to +0.2 (−3.8) −17.0 to −5.2 (−11.2) 
Hankalchough 5000‒4974 0.04 to 5.50(1.23) −30.9 to −24.6 (−29.1) −5.9 to −0.9 (−2.5) −12.2 to −4.8 (−7.8) 

The maximum and minimum values are outside, while the average values are inside the brackets. 
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Tuershaketage  Formation  and  dolostones  of  the 
Hankalchough Formation have low TOC and GR values 
(Fig.  4).  Argillaceous  limestones  of  the  Mohershan 
Formation might have a higher mud content than those of 
the Tuershaketage Formation, for higher TOC and GR 
values (Table 1; Fig. 4). It is worth noting that, although 
TOC values keep oscillating from bottom to top, there are 
four apogees in the Cambrian TOC profile, at 4965 m, 
4918.3 m, 4874 m, 4671.5 m and with a TOC value of 
10%, 4.88%, 3.33%, 2.28%, respectively (Fig. 4). 

The first-order variations of δ13Corg and TOC profiles 
are reversed (Table 1; Fig. 4). Compared with frequent 
TOC fluctuations, there are only two negative excursions 
in the Cambrian δ13Corg profile. The first one (N1) within 
the 4974.5‒4966 m interval has a nadir of −32.1‰ and a 
negative excursion of −7.5‰. The second one (N2) within 
the 4942‒4920.5 m interval has a nadir of −30.5‰ and a 
weak negative excursion of −1.3‰. Upwards from 4920.5 
m to 4773.5 m, there is a long-term positive excursion to 
an apogee of −25.6‰ with a drift value as high as +4.9‰. 
Argillaceous limestones of the Tuershaketage Formation 
have low TOC values and fluctuating δ13Corg values (Fig. 
4).  Overall,  δ13Corg  values  within  the  4670–4675  m 
interval are from −27.7‰ to −27.2‰ (with an average 
value of −27.2‰), lower than those within the 4768‒
4773.5 m interval (from −26.4‰ to −25.3‰, with an 
average value of −25.9‰) and the 4575‒4578 m interval 
(from −26.5‰ to −24.8‰, with an average value  of 
−25.5‰). Upwards from another apogee at the top of the 
Cambrian,  the  δ13Corg  profile  exhibits  another  large 
negative excursion (from −24.8‰ to −29.8‰) (Fig. 4). 

The first-order variations of δ13Ccarb and δ13Corg profiles 
are the same (Table 1; Fig. 4). However,  the δ13Ccarb 

profile has more oscillations in the black shales, including 
the Xishanblaq and Xidashan formations within the 4974‒
4875 m interval and the Heituao Formation within the 
4565‒4500 m interval. On the δ13Ccarb profile, N1 displays 
as the largest negative excursion of about −8‰ (from 
+0.2‰ to −7.8‰). Frequent oscillations above N1 on the 
δ13Ccarb profile make the declining side of N2 significantly 
narrower than that on the δ13Corg profile. At the bottom 
and  middle  of  the  Mohershan  Formation,  two  weak 
negative excursions can be recognized and named N3 
(from −1.8‰ at 4867.5 m to −2.7‰ at 4855 m) and N4 
(from  −1.0‰  at  4825  m  to  −1.6‰  at  4810  m), 
respectively.  Above 4810 m, there is a large positive 
excursion (P1) with an apogee of +3.8‰ and a positive 
drift of +5.4‰. Above P1, there is a negative excursion 
(N5) of −4.1‰ (from +3.8‰ at 4730 m to −0.3‰ at 
4671.5 m,) and another positive excursion (P2) of +2.0‰ 
(from −0.3‰ at 4671.5 m to +1.7‰ at 4610 m). 

Three  negative  excursions  (N1,  N2,  N5)  can  be 
identified on both δ13Corg and δ13Ccarb profiles and are 
accompanied by three apogees on the TOC profile, while 
another  two  negative  excursions  (N3,  N4)  and  two 
positive excursions (P1, P2) only appear on the δ13Ccarb 
profile and correspond to low TOC values (Fig. 4). 
 
4.2  High-resolution  geochemical  profiles  of  the 
Tadong2 Well within the 5000‒4950 m interval 

According  to  lithological  features,  major  element 
contents (Si, Mg, Ca, P) and TOC values, the 5000–4950 
m interval can be further divided into siliceous black shale 
(4995‒5000 m), gray mudstone interlayered with thick 
dolostone  (4995‒4978  m),  dolostone  (4978‒4974  m), 
interbedded black shales and dolostones (4974‒4968 m), 

 

Fig. 4. Geochemical profiles of the Tadong2 Well within the 5000‒4500 m interval. 
Terren-, Terreneuvian; Ser 2, Series 2; XSBLQ, Xishanblaq; XDS, Xidashan. The question mark and dash line between the Terreneuvian and Series 2 
mean the boundary is still uncertain. Shaded curves in TOC, δ13Corg, δ

13Ccarb, δ
18Ocarb panels are suggested geochemical profiles of the Tadong2 Well 

section. Consistency of referenced δ13Ccarb data (orange points) (Chen et al., 2020) and our data (blue points) indicates good reproducibility of the carbon 
isotope stratigraphy. 
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phosphorus-rich black shale (4968‒4966 m) and siliceous 
black shale (4966‒4950 m) (Fig. 5). For the 4974–4968 m 
interval, the TOC values of black shales are higher than 
those of interbedded dolostones, while both δ13Ccarb and 
δ13Corg values of black shales are lower (Fig. 5). The 
maximum  values  of  δ13Ccarb  and  δ13Corg  around  the 
Cambrian base appear in dolostones at different depths, 
while the minimum values of δ13Ccarb and δ13Corg appear in 
black shale with the same depth of 4966 m, just above the 
phosphorus-rich black shale (Fig. 5). 

One negative excursion of both δ13Ccarb and δ13Corg, 
named  N0,  can  be  identified  in  the  Ediacaran 
Hankalchough  Formation  within  the  4978–4974  m 

interval (Fig. 5). It is at the top of the Ediacaran ‘cap 
dolostone’ and sits just below N1 around the Cambrian 
base, with negative excursions of −3.9‰ (from −26.8‰ to 
−30.7‰) and −1.8‰ (from −1.6‰ to −3.4‰) on δ13Ccarb 
and δ13Corg profiles, respectively. The rising side after N0 
has  positive  excursions  of  +6.3‰  (from −30.7‰  to 
−24.6‰) and +3.6‰ (from −3.4‰ to +0.2‰) on δ13Ccarb 
and δ13Corg profiles, respectively. 
 
5 Discussion 
 
5.1 Reliability of carbon isotope values 

Diagenetic alteration and fluid interaction may affect 

Fig. 5. High-resolution geochemical profiles of the Ediacaran–Cambrian boundary within the 5000‒4950 m inter-
val of the Tadong2 Well. Red and blue data are from dolostone and shale, respectively. 
Shaded region represents N1 in Fig. 4. 
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the accuracy and representation of the δ13Ccarb value, while 
the δ13Corg value may be affected by thermal degradation 
and  detrital  organic  carbon  contamination  (Marshall, 
1992; Jiang et al., 2012). To determine whether δ13Ccarb 
values of ultra-deep rocks represent dissolved inorganic 
carbon  (DIC)  information  of  ancient  seawater,  it  is 
necessary to exclude possible influences of diagenesis and 
fluids, which can lead to a significant negative change of 
δ18Ocarb  values  and/or  a  positive  correlation  between 
δ13Ccarb and δ18Ocarb values (Marshall, 1992; Schobben et 
al., 2016). The first-order variation of the δ18Ocarb profile is 
consistent with that of the δ13Ccarb profile (Table 1; Fig. 4). 
However, obvious lithological changes of rocks within the 
5000–4500  m  interval  (Fig.  5)  indicate  a  different 
sedimentary  facies,  which  might  also  bring  about 
synergistic  variations  of  δ13Ccarb  and  δ18Ocarb  values 
(Marshall,  1992;  Drummond  et  al.,  1995).  Generally, 
sediments  in  deep-water  basins  have  lighter  δ13Corg, 
δ13Ccarb and δ18Ocarb values than those in shallow-water 
shelfs, such as the sedimentary record of the Ediacaran 
Doushantuo Formation (Jiang et al., 2011). This is in line 
with  the  deep-water  deposited  black  shales  of  the 
Xishanblaq,  Xidashan  and  Heituao  formations,  which 
have lower δ13Corg, δ13Ccarb and δ18Ocarb values (Table 1; 
Figs. 4‒5). Dividing the rocks in the 5000‒4500 m interval 
into multiple groups according to lithologies reveals no 
correlation between δ13Ccarb  and  δ18Ocarb  values in the 
black shales and carbonate rocks (Fig. 6). Amongst these, 
no correlation between δ13Ccarb and δ18Ocarb values was 
found during positive excursions (P1 and P2, Fig. 6b) and 
negative excursions (N1 and N2, Fig. 6d‒e). 

Compared with δ18Ocarb, diagenesis and fluid interaction 
have  less  effect  on  paired  δ13Ccarb  and  δ13Corg  values 
(Marshall,  1992;  Maloof  et  al.,  2010).  The  positive 
correlation  between  δ13Ccarb  and  δ13Corg  values  (R2  = 
0.7017, Fig. 7a) is better than that between δ13Ccarb and 
δ18Ocarb  values  (R2  =  0.4158,  Fig.  7b),  indicating 
conservative and faithful records of the ancient carbon 
cycle in paired δ13Ccarb and δ13Corg values. However, it is 
still necessary to exclude the possible effects of thermal 
degradation and  detrital  organic carbon contamination. 
During deep burial, δ13Corg values of kerogen may increase 
by up to +1‰ due to generation of 13C-depleted oil and 
gas (Clayton, 1991). The present kerogen maturity (Ro) of 
the lower Cambrian black shales from the Tadong2 Well 
is about 2.7% (Zhang et al., 2004), higher than the ‘oil 
window’ (Ro: 0.7‒1.3%), but still in the ‘gas window’ (Ro: 
<3.5%) (Pang et al., 2020). As such, the present δ13Corg 
values should be slightly heavier than those of the primary 
δ13Corg  values.  Moreover,  thermal  degradation  and 
hydrocarbon generation should  exist  in  a  similar  way 
throughout  the  whole  section,  with  a  slightly  higher 
maturity in the more deeply buried sediment and organic-
rich sediment, due to elevated hydrocarbon generation. 
For the Tadong2 Well section, the lower Cambrian black 
shales with higher TOC values and a greater burial depth 
should have witnessed more heavy isotopic effects on 
δ13Corg values. Therefore, the lighter δ13Corg values of the 
lower  Cambrian  black  shales  should  not  result  from 
thermal degradation, but should be inherited from primary 
buried  organic  carbon.  Detrital  organic  carbon 

contamination might exist in pure carbonate sediments 
with TOC lower than 0.1% (Jiang et al., 2011). However, 
only 10 of our 216 samples have a TOC value lower than 
0.1%, most samples from the Tuershaketage Formation 
showing heavier δ13Corg values. Such a small amount of 
data should not affect the original chemostratigraphical 
trend. At the Ediacaran–Cambrian boundary, organic-poor 
dolostones and  organic-rich black shales show similar 
isotopic lightening tendencies on both δ13Ccarb and δ13Corg 
profiles (Fig. 5), further confirming the reliability of the 
obtained carbon isotope values. 
 
5.2  Carbon  isotope  stratigraphy  of  the  Cambrian 
System 

N1 is just above the Ediacaran–Cambrian boundary and 
has similar large negative excursions on both δ13Ccarb and 
δ13Corg profiles (Fig. 5). Such large negative excursions of 
δ13Ccarb and δ13Corg also exist in the bottom black shales or 
dolostones of the Yurtus Formation in the western Tarim 
Basin, with a nadir δ13Ccarb value of −12.4‰ and a nadir 
δ13Ccarb value of −36.5‰ (Yao et al., 2011; Su et al., 2020; 
Zhang et al., 2020c; Zhang et al., 2022). Not restricted to 
the Tarim Block, this negative excursion of δ13Ccarb at the 
base of the Cambrian has also been recognized in South 
China (Ishikawa et al., 2008; Li et al., 2009; Jiang et al., 
2012), Siberia (Brasier and Sukhov, 1998; Kouchinsky et 
al., 2007), Laurentia (Narbonne et al., 1994; Corsetti and 
Hagadorn,  2000),  West  Africa  (Maloof  et  al.,  2005), 
Mongolia (Brasier et al., 1996; Smith et al., 2016) and 
West Asia (Amthor et al., 2003). Therefore, this δ13Ccarb 
negative excursion is considered to be a global carbon 
cycle perturbation event and is named the BAsal Cambrian 
Carbon isotope Excursion (BACE) (Zhu et al., 2006) (Fig. 
8). As all available biostratigraphic markers appear to be 
problematic in their ability to accurately constrain the 
Cambrian base (Zhu et al., 2019) and it is controversial to 
define the Ediacaran–Cambrian boundary at  the onset 
(Zhu et al., 2006) or nadir (Narbonne et al., 2012) of this 
negative  excursion,  the  BACE event,  with  its  global 
indicative significance, is still considered to be the best 
solution  to  the  problem of  defining  the  base  of  the 
Cambrian (Zhu et al., 2019). 

According to the suggested Cambrian base at the onset 
of decreasing δ13C values from the terminal Ediacaran 
positive carbon isotope plateau (Zhu et al., 2019), the 
Ediacaran–Cambrian  boundary  in  the  Tadong2  Well 
becomes one of two possibilities. One is at 4974 m, with 
the onset of decreasing δ13Corg values,  the other is at 
4972.5 m, with the onset of decreasing δ13Ccarb values 
(Fig. 5). Since the BACE event is widely considered to be 
associated  with  an  oxidative  reduction  of  dissolved 
organic carbon (DOC) reservoir in the context of global 
transgression and oceanic oxidation (Maloof et al., 2010; 
Jiang et al., 2012; Ishikawa et al., 2013; Zhang, 2021), 13C
-depleted  DOC might  also  have  combined  with  clay 
minerals and directly entered into sediments, causng a 
negative excursion of δ13Corg (Zhang, 2021). In contrast, 
the record in carbonate rocks might be affected by the 
ancient DIC reservoir size, local sedimentary facies and 
the blooming of primary productivity,  slightly lagging 
behind the black shale record. Considering the onset of 
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decreasing δ13Corg values of 4974 m is at the appearance of 
the  black  shale  and  the  base  of  the  Xiaoerbulake 
Formation (Fig. 5), this is proposed to represent the base 
of the Cambrian in the Tadong2 Well. This depth also 
corresponds to a sharp increase in the GR profile (Fig. 4). 

Above N1, δ13Ccarb values oscillate up until the nadir of 
N3 at the base of the Mohershan Formation. However, the 
δ13Corg profile has only one negative excursion (N2), with 
a nadir at 4919 m, the base of the Xidashan Formation 
(Fig. 4). The GR profile also displays a valley around this 

depth for high GR values of the Xishanblaq and Xidashan 
rocks (Fig. 4). Assuming that the Xidashan Formation is 
isochronous with Series 2 (Zhang, 1983; Zhu and Lin, 
1983), 4919 m in the Tadong2 Well was proposed as 
representing the base of Series 2, corresponding with a 
nadir or a valley on δ13Corg and GR profiles, as well as one 
of the apogees on the TOC profile (Fig. 4). 

The FAD of Oryctocephalus indicus coincided with the 
extinction of olenellid and redlichiid trilobites (Zhao et al., 
2014)  and  the  ROECE  event  (Zhu  et  al.,  2004a). 

Fig. 7. Correlations of (a) δ13Ccarb and δ13Corg values  and (b) δ13Ccarb and δ18Ocarb values. 

 

Fig. 6. Correlations of δ13Ccarb and δ18Ocarb values segmented in formation. 
(a) Heituao Formation; (b) Tuershaketage Formation (pink and blue data are samples of P1 and P2, respectively); (c) Mohershan Formation; (d) Xidashan 
Formation (pink and blue data are samples of N2 and the rest, respectively); (e) Xishanblaq Formation (pink and blue data are 3 samples from the peak of 
N1 and the rest, respectively); (f) dolostones from the Hankalchough and Xishanblaq formations. 
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Oryctocephalus indicus has been found at the bottom of 
the  Mohershan  Formation  (or  the  Chuanxingshan 
Formation mentioned in Zhang, 1990), thus N3 might be 
the ROECE around the Miaolingian base (Fig. 4). This 
negative excursion has been found in the Keping section 
in the western Tarim Basin (Wang et al., 2011; Guo et al., 
2017; Zhang et al., 2020c) and other blocks, such as South 
China (Zhu et al., 2004a; Zuo et al., 2018), North China 
(Zhu et al., 2004a), Australia (Schmid, 2017), Laurentia 
(Montañez et al., 2000), western America (Luke et al., 
2017), northwestern Scotland (Faggetter et al., 2018) and 
southern Britain (Harvey et  al.,  2011).  Similar to the 
BACE event, it is still difficult to define the Miaolingian 
base at the onset or nadir of ROECE. In the Tadong2 
Well, 4866 m is the base of the Mohershan Formation and 
is accompanied by the onset of decreasing δ13Ccarb values, 
the disappearance of black shale and an indistinct valley 
on the GR profile (Fig. 4). Therefore, 4866 m in the 
Tadong2 Well is suggested to be the Miaolingian base. 

N4 is a weak negative excursion in the middle of the 
Mohershan  Formation  (Fig.  4),  where  Ptychagnostus 
atavus has been found (Zhang, 1990) and coincides with 
the DICE event at the base of the Drumian Stage (Zhu et 
al., 2019). Thus, N4 might be the DICE, which has been 
found in the west and middle of the Tarim Basin (Chen et 
al., 2019; Yang et al., 2021) and other blocks, such as 
South China (Li et al., 2020), North China (Zhu et al., 
2004b),  Siberia  (Brasier  and  Sukhov,  1998),  Baltica 
(Ahlberg et  al.,  2009;  Álvaro et  al.,  2008),  Australia 
(Schmid, 2017), Laurentia (Montañez et al., 2000) and 
western America (Howley and Jiang, 2010). Differing in 
its high GR and TOC values and large δ13Corg negative 
excursion  of  the  sediments  during  the  BACE  event, 
sediments during the DICE event correspond tolow GR 
and TOC values without variation in the δ13Corg positive 
excursion trend (Fig. 4). This might be related to the end 
of the oxidation process of the DOC reservoir and the 
stabilization of the carbon cycle and climate change. 

On  the  δ13Ccarb  profile,  P1  is  a  long-term positive 
excursion until an apogee at 4730 m with a δ13Ccarb value 
of +3.8‰. Combined with the boundary of Glyptagnostus 
reticulatus  and  Glyptagnostus  stolidotus  (R/S)  at  the 
bottom of the Tuershaketage Formation (Zhang, 1990), P1 
should  be  the  unambiguous  and  widely-documented 
SPICE (Fig. 8). The SPICE event has already been found 
in the Tarim Basin (Liu et al., 2017; Chen et al., 2020) and 
many other blocks, such as North China (Ripperdan et al., 
1993), South China (Peng et al., 2004; Zhu et al., 2004b), 
Kazakhstan (Saltzman et al., 2000), Avalonia (Woods et 
al., 2011), Siberia (Kouchinsky et al., 2008), Australia 
(Saltzman  et  al.,  2000;  Schmid,  2017),  Laurentia 
(Saltzman et al., 1998; Saltzman et al., 2004), Baltica 
(Álvaro et al., 2008; Ahlberg et al., 2009), South America 
(Sial et al., 2013) and northern Scotland (Pruss et al., 
2019). Detailed study of the isotopic curves showed that 
both the onset and apogee of SPICE were anachronous 
and varied in different blocks. In South China, Australia 
and Baltica, the R/S boundary is in the middle of the rising 
side. However, in Laurentia, Siberia and Kazakhstan, it is 
associated with the onset of the rise. In the Tadong2 Well 
section, the onset of the rising side is the nadir of DICE, 

which clearly cannot be used as the Furongian base. Fossil 
evidence is absent from the Tadong2 Well. Fortunately, 
the δ13Corg profile has two obvious apogees at the bottom 
and top of the Tuershaketage Formation. Referring to the 
practice of BACE, 4770 m with an apogee δ13Corg value 
was suggested as the Furongian base (Fig. 4). 

Similar  to  the  Ediacaran-Cambrian  boundary,  the 
Cambrian–Ordovician  boundary  also  shows  a  sharp 
increase in GR profile with an apogee of 4578 m on the 
δ13Corg profile (Fig. 4). Overall, the Furongian sediments 
have  lower  GR  values  than  other  Cambrian  and 
Ordovician  sediments,  exhibiting  the  minimum  value 
around 4770 m to 4578 m (Fig. 4). This feature makes the 
base and apex of the Furongian quite identifiable on the 
GR profile, with two boundary depths highly consistent 
with apogees on the δ13Corg profile (Fig. 4). Both the base 
and the apex of the Furongian are in the Tuershaketage 
Formation, being similar with their positions in outcrop 
sections based on biostratigraphy (Zhang, 1990; Lin et al., 
2001).  However,  on  the  δ13Ccarb  profile,  these  two 
boundaries locate exactly in the middle of the rising side 
of P1 and the declining side of P2, respectively (Fig. 4). 
Thus, if only referring to the δ13Ccarb profile, it is difficult 
to determine their exact positions. 

Based on the above discussion,  the suggested base 
depths of the Terreneuvian, Series 2, Miaolingian and 
Furongian and Lower Ordovician in the Tadong2 Well are 
4974  m,  4919  m,  4866  m,  4770  m  and  4578  m, 
respectively, which correspond to valley or bottom values 
on the GR profile. In addition, we roughly calculated the 
deposition  rates  during  the  Terreneuvian,  Series  2, 
Miaolingian, Furongian to be 0.28, 0.44, 0.80 and 1.65 cm 
per thousand years (cm/kyr), respectively. 
 
5.3  Implications  for  the  Cambrian  source  rock 
distribution and ultra-deep oil and gas exploration in 
the Tarim Basin  

Paired  analysis  of  δ13Ccarb  and  δ13Corg  could  avoid 
inaccuracy  from  interference  for  carbonate  or  shale 
dominated sequences and provide an indicator to interpret 
the  global  carbon  cycle  and  transformation  between 
oceanic DIC and DOC (Jiang et al., 2012; Li et al., 2020; 
Zhang et al., 2020b). Large and synchronized excursions 
of δ13Ccarb and δ13Corg indicate great perturbations of the 
global carbon cycle. Multiple large negative excursions of 
δ13Ccarb (such as WANCE, Shuram, BACE, DICE) during 
the Ediacaran and Cambrian periods have been considered 
to be related to oxidations of oceanic DOC reservoirs after 
the Neoproterozoic Oxygenation Event (NOE) (Rothman 
et al., 2003; Ishikawa et al., 2013; Li et al., 2020; Chen et 
al.,  2022).  The  BACE  event,  with  the  largest  and 
widespread negative δ13Ccarb excursion, should be a huge 
and high-intensity oxidant input into the ocean at the 
beginning of the Phanerozoic Era. The Cambrian oxidant 
entering the ocean might not only be high-latitude oxygen-
rich cold water, but also contain sulfate through terrestrial 
oxic weathering (Li et al., 2020). The former might reach 
continental marginal basins along with ocean circulation 
and upwelling and cause the deep ocean to be oxidized, 
while the latter might consume organic matter in the water 
column through sulfate reduction reactions and generate 
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large amounts of H2S (Zhang et al., 2016). Therefore, the 
early  Cambrian ocean during the  BACE event  might 
develop  oxygen minimum zones  (OMZs),  widespread 
along continental margins (Fig. 9a), which have already 
been confirmed in the Baltic and South China blocks 
(Guilbaud et al., 2018; Ye et al., 2022). The bio-toxic H2S 
in the water column over shelf and slope might have 
contributed to the extinction of small shelled organisms 
and  Ediacaran organisms,  forming  a  long-term fossil-
depleted belt  during 541‒521 Ma (Zhu et  al.,  2019). 
However,  the  OMZ environment  is  conducive  to  the 
blooming of  nitrogen-fixing  micro-organisms  (such as 
cyanobacteria and sulfur bacteria) and the preservation of 
organic carbon (Ulloa et al., 2012; Scholz, 2018), thus 
forming the lower Cambrian black shales. 

The lower Cambrian black shale in the Tarim Basin 
corresponds  to  a  significant  DOC reservoir  oxidation 
event,  demonstrating  that  deep-time  Earth  system 
evolution is of great significance to the formation of oil 
and  gas  resources.  The  presence  of  an  euxinic 
environment on slope facies during the lower Cambrian 
black shale deposition in the Tarim Basin has been widely 
confirmed by high contents of biomarkers of green sulfur 
bacteria and heavy sulfur isotopes of pyrite (δ34Spy) (Cai et 
al., 2009; Zhang et al., 2020a; He et al., 2022), a negative 
excursion in bulk rock isotopes of nitrogen (δ15N) (Su et 
al., 2020) and proxies of redox-sensitive elements (such as 
Mo, V, and U) (Zhu et al., 2021a; Zhu et al., 2021b; He et 
al., 2022). Although Zhu et al. (2021a) has noted some 
intermittent oxidation features during the deposition of the 
Yurtus black shales in the western Tarim Basin, direct 
evidence of oxidized bottom water has not been found in 
the  eastern Tarim Basin.  According to  large  negative 
excursions of both δ13Ccarb and δ13Corg in the Tarim Basin 
(Fig. 10a), it can still be speculated that a large-scale DOC 
reservoir oxidation event might have occurred. Since the 
hydrocarbon generating potential of sedimentary organic 
matter in a weakly oxidized environment is lower than in 
an  euxinic  environment  (Wang  et  al.,  2021),  the 
hydrocarbon contribution of the lower Cambrian black 
shales in the Tarim Basin might mainly come from the 
sediments in the slope, rather than in the deep basin. 

The SPICE event lasted for about five trilobite zones, 
with an estimated duration of 2–4 million years (Myr), 
much longer than the mean residence time of oceanic 
carbon (~350  kyr)  (Saltzman et  al.,  1998),  indicating 
another  interrupted  steady-state  of  oceanic  DIC.  The 

SPICE event has been interpreted to be associated with 
widespread oceanic anoxia and a massive burial of organic 
carbon (Saltzman et  al.,  1998; Saltzman et  al.,  2004; 
Álvaro et al., 2008; Gill et al., 2011; Saltzman et al., 
2011).  However,  in the Tadong2 Well  located in  the 
eastern Tarim Basin, sediments during the SPICE event 
are mainly argillaceous limestones with low TOC values 
(Fig. 4; Table 1). A similar situation exists in Laurentia, 
South China, North China and Australia and other blocks 
with massive carbonate deposition (Saltzman et al., 2011; 
Woods et al., 2011). The Alum Formation in Baltica is the 
only exception, with thick and organic-rich black shale 
(Ahlberg  et  al.,  2009;  Hammer  and  Svensen,  2017). 
Therefore, there is still no evidence for widespread black 
shales coinciding with the positive excursion of the SPICE 
event. Although black shales might be restricted to deep 
basins rather than shelf or shelf margins that were inferred 
to be the depositional setting in most studies (Álvaro et al., 
2008; Woods et al., 2011), another possible explanation is 
that organic carbon might not enter into sediments, but 
rather be fixed in the form of DOC, causing an expansion 
of the DOC reservoir during the SPICE oceanic anoxic 
event (Fig. 9b). 

In the Tarim Basin, sediments during the SPICE event 
were dominated by limestone or argillaceous limestone 
that was deposited on the platform or on platform margins. 
Positive excursions of δ13Ccarb in the eastern Tarim Basin 
(Tadong2 Well and Yaerdang Mountain outcrop section) 
are higher than those in the west and middle of the Tarim 
Basin (Shutan1, Yingtan1 and Zhongshen1 wells) (Fig. 
10b), indicating that more organic carbon might be buried 
or fixed in the East Depression and cause obvious carbon 
isotope fractionation of the ancient DIC reservoir. The 
expanded  DOC reservoir  during the  Furongian Series 
might have been oxidized again in the Early Ordovician 
and cause another  synchronized negative excursion of 
both  δ13Ccarb  and  δ13Corg  accompanying  black  shale 
deposition  (Fig.  4).  Therefore,  the  formation  of  the 
Heituao black shale could arguably be viewed as having 
been ‘rooted’ in the SPICE, for the storage of organic 
carbon in the form of DOC in the deep ocean. Even so, the 
Furongian sediments in the Tadong2 Well have an average 
TOC value over 1%, with a relatively high deposition rate 
(1.65 cm/kyr). With the assumption of rock density of 2.2 
kg/m3, a roughly calculated average organic carbon burial 
rate during the Furongian period can reach 0.42 kg/m2 kyr, 
much higher than that of the Terreneuvian, Series 2 and 

Fig. 9. Inferred paleo-ocean environment during the BACE (a) and SPICE (b) events. 
OMZ, oxygen minimum zone; WSBW, warm saline bottom water. 
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Miaolingian  of  0.22,  0.23  and  0.27  kg/m2  kyr, 
respectively. This indicates that more organic carbon was 
fixed in the Furongian sediments than in other Cambrian 

sediments. Therefore, we can still predict the existence of 
organic-rich black shales in the deep-water and anoxic 
depositional environments of the East Depression (Fig. 

Fig. 10. The BACE (a) and SPICE (b) records in the Tarim Basin and inferred paleo-oceanic environment. 
Data source, Keping (Su et al., 2020); Shiairike (Deng et al., 2021); Yaerdang Mountain (Liu et al., 2017); Shutan1, Yingtan1 and Zhongshen1 wells 

(Chen et al., 2020). 
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10b). 
 
6 Conclusions 
 

The sequence preserved in the eastern Tarim Basin 
represents a complete Cambrian sedimentary record with a 
better stratigraphic continuity than in the western Keping 
region. According to the integrated δ13Ccarb and δ13Corg 
profiles of the Tadong2 Well, BACE, ROECE, DICE and 
SPICE were recognized and used to determine the base of 
each  series  of  the  Cambrian  System.  New  proposed 
Cambrian carbon isotope stratigraphy is easy to identify 
and consistent with previous biostratigraphy in the outcrop 
sections. For the abnormal carbon isotope anomalies and 
organic  carbon burials in the  Tarim Basin,  especially 
during  the  BACE  and  SPICE  events,  a  huge  DOC 
reservoir  is  suggested  to  have  existed  in  the  East 
Depression that experienced a reduction and expansion 
cycle.  Based  on  these,  the  ultra-deep  petroleum 
exploration  in  the  Tarim Basin  was  proposed  to  be 
implemented according to the different paleogeographic 
and carbon cycle characteristics during each series of the 
Cambrian Period. The lower Cambrian black shale with 
high TOC values in slope facies should be the focus of 
attention.  The  upper  Cambrian  black  shale  might  be 
deposited in the deep water of the East Depression and 
contribute to hydrocarbon generation. This is a new field 
worthy of attention. Therefore, this study provides new 
insights for the division of the Cambrian System, based on 
carbon isotope stratigraphy and the correlation of deep-
time Earth system evolution with ultra-deep petroleum 
exploration. 
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