
 

 

Sedimentary processes and Paleoenvironments of the 

Precambrian - Cambrian (Pc-C) Interval, Southwestern Yangtze 

Platform, China 

 

Dissertation 

Von 

Xiaojuan Sun 

 

zur  

Erlangung des Doktorgrades der Naturwissenschaften  

im Fachbereich Geowissenschaften an der  

Freien Universität Berlin 

 

 

 

Berlin, den 05.01.2016 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Diese Arbeit wurde von dem Promotionsausschuss des Fachbereiches Geowissenschaften der Freien 

Universität Berlin am 12. Oktober 2013 genehmigt. 

ééééééééééééééééééééééééééééééééééééééééé 

 

 

 

Erstgutachter : Prof. Dr. Christoph Heubeck 

Freie Universität Berlin 

 

 

Zweitgutachter: Prof. Dr. Gerhard Franz 

Technische Universität Berlin  

 

 

 

Die Disputation erfolgte am: 12. February 2016 

 

 

 

Erklärung 

Hiermit erkläre ich, Xiaojuan Sun, dass diese Arbeit ausschließlich auf Grundlage der angegebenen 

Hilfsmittel und Hilfen selbstständig von mir verfasst wurde. Diese Arbeit wurde nicht in einem 

früheren Promotionsverfahren eingereicht. 

 

 

 

Berlin, den 5. Januar 2016 

Xiaojuan Sun



 

 



i 
 

Zusammenfassung 

Plattentektonische und evolutionäre Ereignisse vor und nach der Präkambrium - Kambrium (Pc-C) 

Grenze markieren einen globalen Wendepunkt in der Erdgeschichte. Veränderungen des Weltklimas 

und erhöhte plattentektonische Aktivität führten zu wesentlichen Änderungen in der ozeanischen 

Zirkulation und in der Verfügbarkeit von Nährstoffen, zur Bildung von ausgedehnten Flachmeeren und, 

am wichtigsten, zu einer rapiden  Evolution der Metazoen, die "Kambrische Radiation". Allerdings wird 

das Verständnis von Ozeanchemie und Bioradiation während dieses zeitlichen Intervalls durch die 

unzureichende Kenntnis von Paläogeographie und Paläo-Ablagerungsräumen eingeschränkt. 

Schichten der Yangtze-Plattform im östlichen Yunnan, Südchina, enthalten eine nahezu vollständige 

und diverse stratigraphische Aufzeichnung des frühen Kambriums in China und bilden damit ein ideales 

Archiv für das Studium frühkambrischer Ablagerungsräume im Kontext von etablierter bio-, chemo- 

und chronostratigraphischer Information. Die vorliegende Arbeit konzentriert sich auf die 

frühkambrische Zhujiaqing Formation im östlichen Yunnan. Diese ermöglicht eine detaillierte 

Rekonstruktion der sedimentären und paläogeographischen Bedingungen dieser kritischen Zeit und 

beschreibt die Ereignisse am stratigraphischen Kontakt von ediakarischen und kambrischen Schichten. 

Die Flachwasser-, siliziklastisch-phosphoritisch-karbonatische Sequenz der Zhujiaqing Formation wird 

in zwölf Lithofazies klassifiziert. Ihre räumlichen und zeitlichen Veränderungen zeigen die 

prozessorientierte Ablagerungsgeschichte der Region. Die Wassertiefe schwankte während des 

gesamten Ablagerungszeitraums des Zhujiaqing Formation nur wenig, basierend auf den 

vorherrschenden peritidalen bis tief-subtidalen Ablagerungsräumen. Unterschiedliche 

Absenkungsraten auf dem Schelf beeinflussten weitgehend die Mächtigkeiten der einzelnen 

stratigraphischen Einheiten. Im Gegensatz dazu veränderte sich die Wasserchemie während dieser Zeit 

drastisch. Sie wird durch drei Endglieder von Ablagerungsmilieus reflektiert: (1) Siliziklastisch-

phosphatisches, sand-dominiertes Subtidal, (2) phosphatisch-dolomitisches, schlamm-dominiertes 

Peritidal, und (3) kalk- und dolomitschlamm-dominiertes Subtidal. 

Ein zweiter Schwerpunkt dieser Arbeit liegt auf der detaillierten sedimentären Untersuchung des 

ediakarisch-kambrischen Kontakts nahe der Meishucun-Sektion im südlichen Yunnan, die als Pc-C 

Global Stratigraphic Section and Point (GSSP)-Kandidat diskutiert wurde. Der Kontakt ist in mehreren 

aktiven Steinbrüchen nahebei aufgeschlossen. Detaillierte Faziesanalyse sowie diagenetische und 

geochemische Untersuchung der Schichten ober- und unterhalb des verkarsteten Kontaktes zeigen, dass 

der spätediakarische globale Meeresspiegelrückgang umfangreiche Karbonat-Wattflächen freilegte, 

was zur Verkarstung führte. Als der Meeresspiegel wieder stieg, lieferte Upwelling große Mengen an 

Phosphor in tidale Ablagerungsräume, so dass mikrobiell vermittelte frühdiagenetische Phosphatierung 

in mächtigen basal-kambrischen Phosphoriten erfolgen konnte. Die zeitliche Abfolge der 

dokumentierbaren diagenetischen Prozesse in den Gesteinen legt nahe, dass eine lokale Verkieselung 
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der Karbonatplattform bereits während der frühen Versenkung auftrat und möglicherweise auf die 

Mischungszone von Frisch- und Meerwasser zurückzuführen ist, während Dolomitisierung 

wahrscheinlich durch Frischwassereinfluss und Versenkung erfolgte. 

Das hier untersuchte zeitliche Pc-C Intervall zeigt überall Verkarstung am Top der spätediakarischen 

Dengying Formation, gefolgt von einer bedeutenden Transgression in der frühkambrischen Zhujiaqing 

Formation, wiederum gefolgt von einer relativ stabilen Sedimentationsrate in einem flachmarinen 

Ablagerungsraum mit relativ konstanter Wassertiefe. Während die sedimentären Bedingungen während 

des frühen Kambrium auf diesem flachen Schelf nur wenig variierten, veränderte sich die 

Wasserchemie und somit auch die Mineralogie dieser Ablagerungen drastisch. Die Auswirkungen 

dieser Prozesse sollten in zukünftigen evolutionsbiologischen Studien der metazoischen Epifauna 

berücksichtigt werden, um Umweltveränderungen in dieser kritischen Zeitspanne besser zu verstehen. 
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Abstract 

Plate-tectonic and evolutionary events prior to and across the Precambrian - Cambrian (Pc-C) boundary 

globally mark a major turning point in Earthôs history. Changes in global climate and increased plate 

tectonic activity resulted in major changes of ocean circulation and nutrient availability, the formation 

of extensive shallow seas, and, most importantly, a prominent start in the evolution of metazoans: the 

ñCambrian radiation eventsò. However, progress in understanding ocean chemistry and bioradiation 

during this Pc-C interval has been hindered by the lack of a profound knowledge of paleogeography 

and paleo-depositional environments.  

Strata of the Yangtze platform in eastern Yunnan, South China, preserve the most complete and diverse 

stratigraphic record of the early Cambrian in China, and thus are an ideal archive for studying early 

Cambrian depositional environment in the context of established bio-, chemo- and chronostratigraphic 

information. The present dissertation focuses on the earliest Cambrian Zhujiaqing Formation in eastern 

Yunnan. It provides a detailed reconstruction of its sedimentary and paleogeographic framework as well 

as describes the nature of the Ediacaran to Cambrian contact. The shallow-water siliceous-phosphoritic-

carbonate sequence of the Zhujiaqing Formation is classified in twelve lithofacies; their integrated 

spatial and temporal changes show the process-oriented depositional history of the area. Apparently, 

water depth did not change much throughout the deposition of the Zhujiaqing Formation, indicated by 

its dominant peritidal to shallow-subtidal setting. Differential subsidence rate may have largely 

controlled stratigraphic thicknesses of individual members in the different sections. In contrast, water 

chemistry changed intensely through time which is reflected by three depositional environment end 

members: (1) Siliceous-phosphatic sand-dominated subtidal, (2) phosphatic-dolomitic mud-dominated 

peritidal, and (3) dolomitic to calcareous mud-dominated subtidal. 

A second focus of this thesis lies on the nature of the Ediacaran to Cambrian contact which is well 

exposed in several active quarries near a former Pc-C Global Stratotype Section and Point (GSSP) 

candidate, the Meishucun section. Detailed facies, diagenetic and geochemical characterization of the 

strata above and below the contact shows that the latest Ediacaran global sea level-lowering event 

exposed extensive carbonate tidal flat surfaces, resulting in karstification. As sea level rose again, 

transgression-related upwelling supplied large amounts of phosphorus to lower-intertidal to subtidal 

environments, allowing microbially mediated syndepositional and early diagenetic phosphatization, 

represented by the thick basal Cambrian phosphorite of the Zhujiaqing Formation. The sequence of 

multiple diagenetic events suggests that carbonate platform silicification occurred during early burial 

and was possibly related to the phreatic mixing-zone environment, while dolomitization was likely 

influenced by meteoric and burial diagenesis.  

The Pc-C interval studied here shows karstification at the top of the Ediacaran Dengying Formation 

followed by a major transgression represented by the Cambrian Zhujiaqing Formation in a relatively 
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stable low-sedimentation epicontinental depositional environment with relatively constant water depth. 

While the sedimentological conditions changed within the scope of a shallow continental shelf and 

platform environment during the Early Cambrian, water chemistry changed dramatically during this 

time and greatly affected the mineralogy of these deposits. These processes need to be considered in 

future studies which strive to better understand environmental change during this critical time interval.   
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Structure of this thesis 

This thesis is embedded within Subproject 1 of the DFG-Forschergruppe 736 ñThe Precambrian-

Cambrian Ecosphere (R)evolution: Insights from Chinese Microcontinentsò which generated multi-

proxy datasets across the Precambrian-Cambrian stratigraphic interval of South China, Mongolia and 

Kazakhstan.  

This thesis investigates the sedimentary record of the Precambrian - Cambrian (Pc-C) transition on the 

southwestern Yangtze microcontinent. The study area is located in eastern Yunnan Province where 

some of the most complete lower Cambrian strata of this microcontinent are preserved. We investigated 

sections to study the spatial and temporal changes in sedimentary processes and environments during 

this critical time in Earth history.   

The thesis consists of five chapters and two appendixes. Chapter I reviews the Precambrian - Cambrian 

interval and lists the objectives of this thesis. Chapter II provides details of study methods. Chapters III 

and IV comprise individual manuscripts in advanced stages of preparation for submission to peer-

reviewed scientific journals. Chapter V summarizes the main research results and offers an outlook of 

possible future studies.   

A brief outline of the chapters and manuscripts is given below. 

Chapter I:  The Ediacaran ï Cambrian transition: A critical time in Earth history 

This chapter introduces the uniqueness and significance of the Pc-C boundary, reviews the relevant 

literature and derives the objectives of the thesis. It also includes a geological introduction of the 

Yangtze microcontinent during the Pc-C interval.  

Chapter II: Methods 

This chapter describes the guiding theories, data collection and the approach and methods used to 

analyses samples.  

Chapter III: Stratigraphy and paleogeography of the earliest Cambrian Zhujiaqing Formation, 

South China: An inner-platform environment for the diversification of small shelly fossils 

Xiaojuan Sun, Christoph Heubeck 

This chapter focuses on the lithology, facies distribution and evolution of the siliceous-phosphatic-

calcareous rocks of the earliest Cambrian Zhujiaqing Formation in order to understand the 

paleoenvironment of the basal-Cambrian bioradiation. High-resolution stratigraphic sections were 

measured and samples were collected and analyzed. This chapter includes detailed descriptions of 

representative stratigraphic sections, classification of lithofacies and a description of the temporal and 

spatial distribution of lithofacies associations. Based on these, a paleoenvironmental reconstruction and 



vii 
 

stratigraphic basin evolution is deduced. The results can be used as comparison to Pc-C sections 

worldwide.  

The tasks in preparation of the manuscript were distributed as follows: The authors carried out 

fieldwork in Yunnan. Xiaojuan Sun wrote the manuscript and drafted the figures. Christoph Heubeck 

contributed to the discussion and helped greatly in revisions of the manuscript and figures. Field work 

was organized by Prof. Dr. Maoyan Zhu from Chinese Academy of Sciences-State Key Laboratory of 

Paleobiology and Stratigraphy, Nanjing. 

Chapter IV:  The nature of the Ediacaran-Cambrian contact at Meishucun, Yunnan Province, 

China 

Xiaojuan Sun, Christoph Heubeck, Dorothee Hippler, Simon Hohl 

This chapter describes the application of multiple sedimentary proxies to examine in detail the Pc-C 

boundary at one of the most important Pc-C stratigraphic sections worldwide, the Meishucun section 

of southern Yunnan. It provides a detailed description of microfacies, a reconstruction of the complex 

diagenetic history and geochemical analyses of phosphatic sedimentary rocks at the Ediacaran-

Cambrian transition. The results are important for understanding the evolution, depositional 

environments and taphonomic conditions of Small Shelly Fauna.   

The tasks in preparation of the manuscript were distributed as follows: Xiaojuan Sun, Christoph 

Heubeck and Dorothee Hippler contributed to field work. Xiaojuan Sun and Christoph Heubeck 

collected samples. Xiaojuan Sun prepared thin sections and carried out the analyses. Simon Hohl 

conducted trace element and Rare Earth Element (REE+Y) measurements and drafted part of Figure 12. 

Xiaojuan Sun wrote the manuscript, Christoph Heubeck, Simon Hohl and Dorothee Hippler contributed 

to the manuscript through reviews. Xiaojuan Sun drafted figures and tables, which were refined by 

comments from all co-authors. 

Chapter V: Conclusions and outlook 

This chapter summarizes the main research results into four conclusions and provides an outlook. 

Sample suites were in part also analyzed for biostratigraphic purposes by Ben Yang and Michael 

Steiner (Freie Universität Berlin, subproject 3) and for geochemistry by Simon Hohl and Harry 

Becker (Freie Universität Berlin, subproject 4). 
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1.1. The Precambrian to Cambrian transition  

Despite abundant evidence for life back to at least 3.5 Ga, Precambrian fossils mostly record the 

evolution of bacteria and microbial eukaryotes. Eukaryotes appear to have slowly and gradually 

increased in diversity up to the first Neoproterozoic glaciation (Sturtian, ~ 700 Ma). Toward the end of 

the second glaciation (Marinoan, ~ 625 Ma), their diversity increased rapidly. Following the third 

glaciation (Gaskiers, ~ 580 Ma), Ediacaran biota appeared (Narbonne and Gehling, 2003). However, 

the origin of many if not most animal phyla can be traced to only within ca. 20 Ma following the Pc-C 

boundary (ca. 542 Ma) which marks the most important evolutionary radiation in the history of life 

(Marshall, 2006; Smith and Harper, 2013). On a broader scale, the ñboring billionò was either ended by 

biological evolution (e.g., genetic innovation, development of an arms race), tectonic events (e.g., the 

Rodinia breakup providing shelf space, the Transantarctic Mountains orogeny feeding nutrients to the 

shelves), geochemical changes (e.g., a general trend of increasing  87Sr/86Sr and ŭ13Ccarb in sea water, 

changes in the Ca-concentration, availability of Cr or Ni as an essential trace element for photosynthesis 

making a rapid increase in oxygen possible) or climatic-oceanographic overturns (e.g., the end of 

glaciations washed nutrients into the sea) at or near the Pc-C transition (Fig. 1). 

1.2. The Ediacaran to Cambrian bioradiation  

The base of the Ediacaran period (ca. 635 - ca. 542 Ma) is defined by the base of cap carbonate strata 

of the Nuccaleena Formation in the Enorama Creek section of South Australia (Knoll et al., 2006). Cap 

carbonates were deposited worldwide after the end-Cryogenian global `Marinoan` glaciation (so-called 

ñSnowball Earthò; Hoffman et al., 1998). The subsequent Neoproterozoic glaciations lack convincing 

globally correlative deposits (e.g., the Gaskiers glaciation, ca. 582 Ma; Halverson et al., 2005; 

glaciations on the West African Craton, ca. 560 Ma; Vernhet et al., 2012; Deynoux et al., 2006; and a 

possible glaciation at the Ediacaran-Cambrian boundary, ~542 Ma). Reliable evidence for a Cambrian 

glaciation has rarely been documented; as an exception, Landing et al. (2010) documented sections in 

Avalonian New Brunswick and Ireland that possibly preserve tillite. Nevertheless, glaciations had been 

common from about 720 Ma until the beginning of the Cambrian, superimposed by major biological 

innovations during the Neoproterozoic-Cambrian transition (Evans, 2003). 

 Ediacaran-type biota represent the emergence of large and architecturally complex organisms 

(Narbonne, 2005) compared to former organisms. They were first recognized by Billings (1872). 

Numerous studies of the past two decades suggest the Ediacaran organisms were composed of soft, 

flexible tissue with large surface area and immobile animals or animal-grade organisms (for a review, 

see Narbonne, 2005). Further biological and ecological innovations during Ediacaran include 

calcification (e.g., Cloudina; Hofmann and Mountjoy, 2001) and predation (Hua, 2003). The Ediacaran 

biota disappeared around the Pc-C boundary which is currently defined by the first appearance of the 

trace fossil Treptichnus pedum at the base of Member 2 of the Chapel Island Formation, Fortune Head, 



- 3 - 
 

southeast Newfoundland (Brasier et al., 1994). Within the next 20 Ma or so, some of Earthôs most 

significant evolutionary chain reactions, the ñCambrian radiationò, took place (Marshall, 2006), 

documented by a spectacular increase in animal disparity and diversity in a relatively short time. 

 

Fig. 1. Compilation of global tectonic events, sea level changes, isotopic trends and changes in 

taphonomy during the Ediacaran-Cambrian interval. Modified after Brasier et al., 2001.  

Generally, three successive stages of the Cambrian bioradiation correspond broadly to the lowest three 

stages of the Cambrian: the diversification of coelomates that produced complex burrows (at the base 

of the Cambrian, ca. 541 Ma), the diversification of metazoans with mineralized skeletons (at base of 

Stage 2, ca. 532 Ma), and the appearance of trilobites and diverse lingulate brachiopods (at base of 
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Stage 3, ca. 520.5 Ma; Landing et al., 2013) (Fig. 2). Unfortunately, in contrast to the other Phanerozoic 

time periods which almost all have established Global Boundary Stratotype Sections and Points (GSSPs) 

for chronostratigraphic divisions, Cambrian stages and series have not yet been formally named and 

defined. The main reasons for this deficiency are (1) a widespread discontinuity at the Pc-C boundary 

because of exposure (e.g. karstification, denudation) and stratigraphic condensation (phosphorite, 

glauconite, black shale deposition and hardground formation); (2) a strong biotic provincialism and 

facies control causing difficulties in correlation between different lithologies and continents; and (3) a 

paucity of suitable marker beds for a global or even regional correlation. 

 

Fig. 2. Cambrian bioradiation events, illustrating a general increase in disparity and diversity and the 

three main Cambrian bioradiation stages (Marshall 2006).  

A wide range of stratigraphic methods has been applied to the study of the Precambrian-to-Cambrian 

transition, most importantly bio-, sequence-, chrono- and chemostratigraphic techniques. Their methods 

and findings will be briefly outlined below. 

Biostratigraphy: The first occurrence of Treptichnus pedum indicates the base of the Cambrian. Prior 

to the appearance of this comparatively complex trace pattern, trace fossil diversity was relatively low 
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and was dominated by horizontal and simple trails (Jensen, 2003; Porada et al., 2008). An important 

group of organisms, Small Shelly Fossils (SSFs), appeared just prior to the Pc-C boundary. They were 

first used by Matthews and Missarzhevsky (1975) and widely applied to the identification and 

classification of small, usually phosphatized ñproblematicaò in pre-trilobitic, Lower Cambrian strata. 

SSFs represent a polyphyletic category of mineralized fossil remains, probably related to a specific 

taphonomic window in the latest Neoproterozoic to early Palaeozoic (Steiner et al., 2007). Few other 

fossils near the PC-C boundary, most significantly Cloudina and Namacalathus, also contribute to the 

paleoenvironmental and biostratigraphic resolution of the Precambrian-Cambrian transition (Grant, 

1990). The principal problem of applying the biostratigraphic method to the Pc-C boundary is that SSFs 

and trace fossils are strongly facies-controlled (Lindsay et al., 1996), endemic, and represent 

comparatively long stratigraphic ranges (Seilacher et al., 2005).  

Sequence stratigraphy: As mentioned above, Pc-C boundary sections worldwide are replete with hiati, 

unconformities, hardgrounds, and exposure surfaces. Stratigraphically more-or-less continuous sections 

are rare. The Precambrian-Cambrian-boundary stratotype section, the Chapel Island Formation of 

southeast Newfoundland, was investigated with regard to its depositional history and sequence 

stratigraphy (Myrow and Hiscott, 1993). Lithological change from peritidal sandstone and shale to 

subtidal thinly laminated siltstone at the FAO of Treptichnus pedum, the Pc-C boundary suggest a 

(minor?) flooding surface. The Pc-C interval in the White-Inyo Mountains and the Death Valley region 

of California basically shows shallowing-upward cycles in which with shallow-subtidal siliciclastic 

rocks at the base grade into shallow-marine carbonates (Corsetti and Hagadorn, 2003). In the White-

Inyo Mountains region, the tops of most carbonate cycles show minor karstification. Lindsay et al. 

(1996) studied two sections in Zavkhan Basin of southwestern Mongolia which comprise large-scale 

alternations of siliciclastic- and carbonate-dominated units, aiming at facies and sequence controls on 

the appearance of the Cambrian biota and concluded that basin analysis would be needed before the Pc-

C boundary could be meaningfully defined. Overall, numerous studies worldwide indicate that the Pc-

C boundary nearly always conincides with one or several sequential sea-level lowstands and associated 

sequence boundaries. 

Chemostratigraphy: Many geochemical studies have been conducted at the Pc-C transition, including 

carbon, sulfur and strontium isotopes and redox-sensitive elements, mostly for the purpose of 

understanding the causal link and interaction between biogeochemical events, earth surface 

environments, and the dynamics of the solid Earth with biotic evolution (Shields et al., 2004; Sawaki et 

al., 2010; Li et al., 2013). Carbonate carbon isotope geochemistry, in particular, is a classical proxy to 

interpret environment changes, thus ŭ13Ccarb values are widely used as important criteria for 

chemostratigraphic correlations among continents, e.g. South China, Oman, Namibia, Siberia and 

Canada (Li et al., 2013; Amthor et al., 2003) and have proven useful for identifying the Pc-C boundary 

where sedimentary environments or lithologies did not allow the preservation of Treptichnus pedum.  
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The Siberian Platform was first to be surveyed for stable-isotope ratios at the Precambrian-Cambrian 

boundary (Magaritz et al., 1986). Stable-isotope studies on the Pc-C boundary from other parts of the 

world followed (e.g., Brasier et al., 1996; Kimura et al., 1997; Ishikawa et al., 2008; Li  et al., 2009; 

Jiang et al., 2010).  

In South China, the carbonate carbon isotope values from late Ediacaran to the early Cambrian show a 

generally increasing trend but in detail reveal a noisy transition with extreme ŭ13C oscillations until 

about 520 Ma (Fig. 3), after which a modern marine ecosystem became firmly established (Shields-

Zhou et al., 2013).  

 

Fig. 3. Integrated stratigraphic record of the late Ediacaran and early Cambrian showing the 

chronostratigraphic framework of South China with timeïequivalent biozones, bioevents and the 

ñsubstrate revolutionò. ŭ13C data are after Zhu et al. (2006). The DOUNCE and BACE ŭ13Ccarb negative 

anomalies represent the South China equivalents to the global ñShuram-Wonoka anomalyò and ñPc-

C boundary anomalyò, respectively. The large positive ZHUCE excursion coincides with the third 

major assemblage of Small Shelly Fossils on the South China platform.   

In numerous mixed carbonate-siliciclastic systems, the first appearance of Treptichnus pedum occurs 

just above a pronounced negative 13C excursion (Maloof et al., 2010) of unknown cause. In contrast to 

older Neoproterozoic negative ŭ13C excursions, this excursion is anomalous and appears not to be 

associated with a global glaciation.  
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In recent years, organic carbon, sulfur and strontium isotopes and redox-sensitive elements were 

increasingly studied to understand the causal link(s) between biogeochemical events and biotic 

evolution, and also to support stratigraphic correlation through chemostratigraphy. Even though 

conclusions of chemostratigraphic studies are generally less definitive compared to paleontological 

studies, chemostratigraphy has shown to be a powerful method where multiple elements and isotopic 

systems were applied, in particular where these were combined with paleontological and 

sedimentological investigations. This thesis contributes to the latter by providing a comprehensive 

sedimentological framework in a key region of this time interval (ca. 542-520 Ma). 

Chronostratigraphy: UïPb ages of zircons from tuff beds or other volcanic detrital units are pivotal in 

ñlearning to tell Neoproterozoic timeò (Knoll, 2000). A U-Pb zircon age (542.0 ± 0.3 Ma; Amthor et al. 

2003) from the Ara Group of Oman defines the abrupt disappearance of the late Ediacaran fossils 

Cloudina and Namacalathus, coinciding with a large-magnitude but short-lived negative excursion in 

the carbon isotope composition of seawater. Because the boundary in Oman is defined by the abrupt 

disappearance of Cloudina (there is no Treptichnus pedum documented in the cores and well cuttings) 

its biostratigraphic correlation with siliciclastic regions where Treptichnus pedum can be common 

remains problematic. In Newfoundland, where the biostratigraphic and sedimentological control is best, 

U-Pb radiometric ages of volcanic zircons yielded ages of 530.7±0.7 Ma (Isachen et al. 1994) within a 

siliciclastically dominated sequence, but this bed unit containing volcanic zircons is ca. 800m above 

the biostratigraphic Pc-C boundary. The location of the Precambrian-Cambrian boundary in Siberia was 

interpreted to be constrained by a weighted mean 206Pb/238U ID-TIMS zircon date of 542±1.3 Ma from 

a reworked volcaniclastic breccia near the base of the Nemakit-Daldynian at Knorbusuonka (Maloof et 

al. 2010). In South China, U-Pb dating of a tuff  in Bed 5 of the Meishucun section records a depositional 

age of 536.5±2.5 Ma (Sawaki, et al. 2008) and 535.2±1.7 Ma (Zhu et al. 2009); however, the Meishucun 

section overlies an unconformity and the dated bed is well within the Cambrian section. 

Thus, all methods applied to-date show problems. It is likely that a fine-scale time framework of the 

Precambrian-to-Cambrian transition could be established if multiple stratigraphic methods were 

consistently applied on different scales in the same area. Further detailed studies followed by 

stratigraphic integration will clearly continue to improve our understanding of the tectonic, climatic, 

evolutionary and biogeochemical processes of this critical time interval.   

1.3. The Latest Ediacaran to earliest Cambrian of the Yangtze platform, South China 

The South China or Yangtze block is one of the best candidates worldwide to investigate the Pc-C 

boundary and early Cambrian events (Fig. 4). It preserves unmetamorphosed, relatively complete, 

regionally coherent and widespread marine-dominated carbonate-siliciclastic sequences of Ediacaran 

to Cambrian age, including numerous well-studied fossil lagerstätten. Its bio-, litho- chemo- and 

chronostratigraphic aspects have been intensively investigated for decades.  
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Fig. 4. Paleogeographic reconstructions during the late Ediacaran (top) and early Cambrian (below), 

modified after Li et al. (2008). The position of South China is reconstructed in an outer-Gondwana 

passive margin setting in moderate to low northern latitudes.  

The South China Block consists of the Yangtze and Cathaysia blocks, which were amalgamated during 

the early Neoproterozoic Sibao-Jining Orogeny at ca. 1000 Ma to >900 Ma (Wang and Li, 2003; Li et 

al., 2005). Two major rift basins, resulting from the breakup of Rodinia (Meert and Lieberman, 2008), 

existed along its southeastern and western margins (Wang and Li, 2003): The Kangdian Basin at the 

block´s western margin and the north-south trending Nanhua Basin (with several sub-basins) at its 

southeastern margin. The distribution and development of overlying Neoproterozoic strata was 

influenced by this rifting and consists of four major sequence sets, 820 to 635 Ma old (Wang and Li, 

2003). Although the timing of the rift-to-post-rift transition is unresolved, overlying Ediacaran strata 

(635-542 Ma) are believed to have been deposited in a passive-continental-margin setting during the 

post-rift period and developed a variety of facies associations from shallow to deep basin (Zhu et al., 

2003; Jiang et al., 2003, 2011). Outcrops of Ediacaran to Cambrian shallow- and deep-water facies are 

well exposed on the Yangtze block but are rare on the Cathaysia block because of strong tectonic 

deformation and magmatism during the Ordovician-Silurian and Indosinian orogenies there (Li et al., 

2003). Post-Marinoan (Ediacaran) marine carbonates and shales are assigned to the Doushantuo 

Formation and Dengying Formations (both in the shallow-platform facies) or to the Doushantuo and 

Liuchapo Formations (both representing the deep-basin facies), respectively. The distribution of early 
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Cambrian shallow-water and deeper-shelf deposits is largely controlled by the architecture of the 

underlying latest-Ediacaran Dengying Formation carbonate platform strata, which experienced several 

regressions and karstifications. 

 

Fig. 5. (A) Tectonic outline and a generalized paleogeographic reconstruction of the Yangtze platform 

during the early Cambrian (Terreneuvian). (B) Lithostratigraphic correlation of basal Cambrian strata 

of the Yangtze platform (Steiner et al., 2007). Locations mentioned in the table are marked by pink point 

in Figure A. 

The thickness of the Early Cambrian strata decreases from the shallow platform towards the basin (Zhu 

et al., 2003) (Fig. 5). Because Treptichnus pedum does not occur in carbonates, the base of Early 

Cambrian strata on the shallow carbonate platform of the Yangtze Platform is taken as the first 

appearance of skeletal fossils in Earth history, the polygenetic Small Shelly Fossils (SSFs) (Steiner et 
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al., 2007) while in the deeper part of the basin, due to the lack of fossils there, it is represented by an 

apparently correlative negative ŭ13C excursion (Zhu et al., 2006).  

Within the South China (or Yangtze) platform, eastern Yunnan preserves the most complete and 

lithologically varied basal Cambrian strata. This region is therefore one of the best archives worldwide 

to understand this time interval. 

1.4. Main questions and objectives 

This study is part of the project ñEcological and environmental change recorded through stratigraphy 

and sedimentology at selected Ediacaran-Cambrian boundary sections in East and Central Asiaò that 

is embedded in the DFG-Forschergruppe 736 ñThe Precambrian-Cambrian Ecosphere (R)evolution: 

Insights from Chinese Microcontinentsò. Its aim was to investigate the relationships between the 

Cambrian bioradiation and the associated paleoenvironmental changes through a multidisciplinary 

approach including sedimentology, palaeontology, and geochemistry.   

Questions in this context and also arising from previous studies include: 

¶ How do shallow platform lithofacies and stratigraphic thicknesses change laterally?   

¶ What is the range of sedimentological and paleogeographic variation over the stratigraphic 

interval and under which environmental conditions did they form?  

¶ What is the outcrop record of stratigraphic gaps and which bio- and chemostratigraphic changes 

occur there? 

¶ Under which conditions did widespread early Cambrian phosphorites form? Did this facies 

form at the same time? 

Research presented in this study thus aims to characterize and interpret the sedimentary context and 

evolution of the southwest Yangtze platform during the Pc-C interval by documenting in detail the 

stratigraphic succession, classifying the lithofacies in association with their depositional environment, 

using chemostratigraphic proxies, and determining the degree of multiple generations of diagenesis. 
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2.1. Field investigations and sampling 

Yunnan has intense precipitation during the wet season, which is normally from July to October. 

Furthermore, the vegetation is dense and almost impenetrable making it difficult to access the outcrops. 

Thus all fieldwork was undertaken in May 2011 and June 2012. We focused on two areas in southeast 

Yunnan and northeast Yunnan and measured a total of eleven sections, five of which were logged and 

sampled at meter- to centimetre-scale with emphasis on sedimentary structures, textures, lithology and 

stratigraphic architecture.  A 108 m thick stratigraphic window at Laolin section and the areal exposed 

PC-C boundary in the active Kunyang quarries at Meishucun were covered at very high resolution.  The 

aggregate thickness of all recorded sections is about 238 m. 

Petrographic investigations were provided by outcrop observations, polished slabs and about 200 thin 

sections of limestone, dolostone, phosphorite and sandstone. Phosphorite nomenclature follows Trappe 

(1998), derived from the limestone classification of Dunham (1962). 

2.2. Laboratory analyses 

2.2.1. Thin section preparation and staining 

Samples were cut into two slices for slab polishing and for thin section preparation. Nearly all the thin 

sections are 5 cm x 3 cm in size. The sample slice was first cut into a rectangle of standard size (5 x 3 

x 0.5 cm), then mounted on a glass slide with epoxy resin. After heating in the oven overnight at 50 °C 

temperature the sample was cut by machine and subsequently polishing down to 30 µm final thickness 

using progressively finer grades of abrasive material (carborundum).  

Alizarin Red-S dye was used for calcite staining. The recipe is a mixture of 100 ml 0.15 to 0.2% HCl 

with 0.2 g Alizarin Red-S. Thin sections have to be clean, dry and oil-free. The thin section is then 

immersed for 12 to 20 sec in the Alizarin Red solution and carefully washed with demineralised water.  

2.2.2. Cathodoluminescence microscopy and polarized microscopy 

Thin sections were investigated with a transmitted-light microscope equipped with polarizer and 

analyzer stages (Leica DM EP) at Freie Universität Berlin. Cathodoluminescence investigations were 

carried out with the hot-cathode CL microscope (type HC3-LM, Lumic Spezialmikroskope, Dortmund) 

at the Museum für Naturkunde Berlin, Germany. The system was operated at 14 kV with a filament 

current of 0.1 to 0.3 mA. Thin sections were polished and carbon-coated at Freie Universität Berlin. 

The coating was done at standard conditions to a thickness of about 15 nm to avoid variations in CL-

intensity. 

2.2.3. Back-scatter electron microscopy and EDX analysis 


