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Zusammenfassung

Plattentektorsicheund evolutionare Ereignisse vor undchder Prakambrium Kambrium (PeC)
Grenz markieren einen globah Wendepunkt in deErdgeschichteVeranderungedesWeltklimas
und erhohteplattentektonische Aktivitafiihrten zu wesentlichen Anderungen der ozearischen
Zirkulation undin derVerfugbarkeit von Nahrstoffeaur Bildung von ausgedehntéfachmeeren und,
am wichtigsten, zu einer rapidétvolution der Metazoelie "KambrischeRadiatior!. Allerdingswird
dasVerstandnisvon Ozeanchemiaind Bioradiabn wahrend diesegeitlichen htervallk durch die

unzureichend&enntnisvon Paldogeographie und PalAblagerungsraunreeingeschrankt

Schichten delvangtzePlattform im 6stlichen Yunnan, Sidoa, enbalteneine nahezwollstandige
und diverse stratigphischeAufzeichnungles friihen Kambriums in China ubiddendamit ein ideale
Archiv fur das Studiunfrihkambrischer Ablagerungsuiine im Kontext von etablierter bip chemo
und chronostratigraphischelnformation Die vorliegende Arbeit konzentriersich auf die
frihkambrische Zhujiaging Formation im 6stlichen Yunnamiese erméglicht eine detaillierte
Rekonstruktionder sedimentaren und paldogeographiscBedingungen dieser kritischen Zeit und
beschreibt die Ereignisse atmatigraphischeKontaktvon adiakarischen und kambrischen Schichten
Die Flachwassersiliziklastischphosphoritschkarbonatisch&equenz dezhujiaging Formation wird

in zwolf Lithofazies klassifiziert Inre raumlichen und zeitlichen Verdnderungen zeigen die
prozessorientierteAblagerungsgeschichte ddRegion Die Wassertiefeschwankte wahrendles
gesamten Ablagerusgeitraums des Zhujiaging Formationnur wenig basierend auf den
vorherrschenden peritidaken bis tief-subtidaén  Ablagerungsraumen.  Unterschiedliche
Absenkungsaten auf dem Schelfbeeinflusstenweitgehend die Machtigkeiten der einzelnen
stratigraphischegiinheitenlm Gegensatz dazu verandesieh dieWasserchemiwahrenddieserZeit
drastisch. Sie wirddurch drei Endgliedevon Ablagerungsmilies reflektiert: (1) Siliziklastisch
phosphasches, sanddominiertes $ibtidal, (2) phosphaschdolomitisches, schlammdominiertes
Peritidal, und (3) kalkund dlomitschlammdominiertes 8btidal.

Ein zweiter Schwerpunkt dieser Arbeit liegt auf dmtaillierten sedimentaredntersuchungdes
ediakalischrkambrschenKontakis nahe der Meishucu®ektion im sudlichen Yunnan, das PcC
Global Stratigraphic Section and Poif@ SSP)Kandidatdiskutiert wurde. Der Kontakt igt mehreren
aktiven Steinbriichen nahebei aufgeschlossbetaillierte Faziesanalyse sowie diagenetiscimel
geochemisch&ntersuchungler Schechten oberund unterhalb des verkarsteten Kontaktes zeidgss

der spaediakarischeglobale MeeresspiegelriickgangnfangreicheKarbonatWattflachenfreilegte

was zu Verkarstundgfhrte. Als deMeeresspiegel wieder stigggferte UpwellinggroRe Mengen an
Phosphoin tidale Ablagerungsrdumeo dass mikrobiell vermittelte friihdiagenetische Phosphatierung
in machtigen basalkambrischen Phosphorign erfolgen konnte Die zeitliche Abblge der

dokumentierbarediagenetische Prozessén den Gesteinelegt nahe, dassine lokale Verkieselung



der Karbonatplattformbereitswahrend der friheWersenkung auftratind moglicherweise auflie
Mischungszone von Frischund Meerwasge zurtickzufiihren ist wahrend Dolomitisierung

wahrscheinlictdurch Frischwassereinfluss und Versenkung erfolgte.

Das hier untersuchteeitliche PeC Intervall zeigtiiberall Verkarstung e Top der spéatediakarischen
Dengying Formation, gefolgt von eingedeutendeiransgressioim derfrihkambrischeZhujiaging
Formation wiederum gefolgt von einer relativ stabil&edimentatiograte in einem flachmarinen
Ablagerungsraum mit relativ konstanWassertiefe. Wahrend dsedimentaren Bedingungen wahrend
des frthen Kambriumauf diesem fichen Schelf nur wenig variiertenverdndes sich die
Wasserchemieind somit auctdie Mineralogie dieser Ablagerungeinastisch Die Auswirkungen
dieser Prozessesollten in zukinftigen evolutionsbiologischerStudiender metamischen Epifauna

bertcksichtigt werderumUmweltveranderungen in dieser kritischen Zeitsgabesser zu verstehen.



Abstract

Platetectonic and evolutionary events prior to and across the Precam@aambrian (P€C) boundary
globally mark a major turning point in Earthos
tectonic activity resulted in major changes of oceiazulation and nutrient availability, the formation

of extensive shallow seas, and, most importantly, a prominent start in the evolution of metazoans: the
ACambrian radiation eventso. However, progress
during this PeC interval has been hindered by the lack of a profound knowledge of paleogeography

and paleadepositional environments.

Strata of the Yangtze platform in eastern Yunnan, South China, preserve the most complete and diverse
stratigraphic recordf the early Cambrian in China, and thus are an ideal archive for studying early
Cambrian depositional environment in the context of establishedchieme and chronostratigraphic
information. The present dissertation focuses on the earliest Cambtipagiitg 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 shaféosiliceousphosphoritie
carbonate sequencé the Zhujiaging Formation is classified in twelve lithofacies; their integrated
spatial and temporal changes show the precgssated depositional history of the area. Apparently,
water depth did not change much throughout the deposition of the Zhgjlgimation, indicated by

its dominant peritidal to shalloaubtidal setting. Differential subsidence rate may have largely
controlled stratigraphic thicknesses of individual members in the different sections. In contrast, water
chemistry changed intensellgrough time which is reflected by three depositional environment end
members: (1piliceousphosphatic sardominated subtidal, (2) phosphatiolomitic muddominated

peritidal, and (3) dolomitic to calcareous rrdoiminated subtidal.

A second focus of ik thesis lies on the nature of the Ediacaran to Cambrian contact which is well
exposed in several active quarries near a formeC Bobal Stratotype Section and Point (GSSP)
candidate, the Meishucun section. Detailed facies, diagenetic and geochéaniaatarization of the
strata above and below the contact shthed thelatest Ediacaran global sea levelwering event
exposed extensive carbonate tidal flat surfaces, resulting in karstification. As sea leeaiose
transgressiomelated upwellingsupplied large amounts of phosphorudawer-intertidal to subtidal
environments, allowing microbially mediated syndepositional eaudly diagenetic phosphatizatipn
represented byhe thick basal Cambriaphosphorite of the&hujiaging FormationThe sequence of
multiple diagenetic events suggests ttetbonate platformilicification occurredduring early burial

and waspossibly related tahe phreatic mixingzone environmentwhile dolomitization was likely

influenced by meteoric and burial degesis.

The PeC interval studied here shows karstification at the top of the Ediacaran Dengying Formation

followed by amajor transgression represented by the Cambrian Zhujiaging Formation in a relatively



stable lowsedimentation epicontinental depogiti 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 ard 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 li#G-For s ¢c h e r g The fPrreambriad 6
Cambrian Ecosphere (R)evolution: Insights from Chinese Microcontiaentsyhi ch gener at ed
proxy datasets across the Precamb@ambrianstratigraphidnterval of South ChinaMongolia and

Kazakhstan.

This thesis investigates the sedimentary recbttie Precambrian Cambrian (P<C) transitionon the
souttwesern Yangtzemicrocontinent. The study area is located in eastern Yunnan Province where
some othe most complete lower Cambrian strata ¢fthicrocontinenairepreserved. We investigated
sections to study the spatehd temporal changén sedimentary processes and environments during

this critical time in Earth history

The thesis consists of five chapters and appendixesChapter | reviews thBrecambrian Cambrian
intervaland lists the objectives of this thesizhaptedl provides details of study methods. Chapthrs
and IV compriseindividual manuscpts in advanced stages of preparation for submissiqgede
reviewed scientific journal ChaptelV summarizes the main reselaresultsandoffers an outloolof

possible future studies.
A brief outline of the chapters and manuscripts is given below.
Chapter . The Ediacarani Cambrian transition: A critical time in Earth history

This chapter introduces thaiquenessand significance of th®cC boundary, reviews the relevant
literature and derives the objectives of the thdsialso includes a geological introduction thie

Yangtze microcontinent durirntge Pc-C interval
Chapter II: Methods

This chapterdescribeshe guiding theoriesjata collectionand the approach and methods ugsed

analyses samples.

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

South China: An innerplatform environment for the diversification of small shelly fossils
Xiaojuan Sun, Christoph Heubeck

This chapter focuses ahe lithology, facies distrilition and evolutiorof the siliceougphosphatie
calcaeous rocks of the earliest CambrianZzhujiaging Formationin order to understand the
paleoenvironment of the bagaambrian bioradiationHigh-resolution stratigraphic sections were
measured and samplegre collected and analyzed. iSkthapterincludes detailed descriptions of
representative stratigraphic sectipassification ofithofacies and a description of the temporal and

spatial distribution of lithofacies associationgsBd on these,palecenvironmental reconstruction and

Vi



stratigraphic basin evolution is deducédhe resultscan beused as comparisaiw PcC sections

worldwide.

The tasks in preparation of the manuscript were distributed as folldv@sauthorgarried 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 birof. Dr. Maoyan Zhurom Chinese Academy ofcincesState Key Laboratory of
Paleobiology and StratigraphManjing.

Chapter IV: The nature of the EdiacararCambrian contact at Meishucun, Yunnan Province,
China

Xiaojuan Sun, Christoph Heubeck, Dorothee Hippler, Simon Hohl

This chapterdescribes the application of multiple sedimentary proxies to examine in detail-te Pc
boundary at one of the most important®stratigraphic sections worldwide, the Meishucun section

of southern Yunnan. It provides a detailed description of microfagiesconstruction 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 condigoof 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 prepatieith 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 Slrafted figures and tablegich were refined by

comments from all cauthors
Chapter V. Conclusionsand outlook
This chaptesummarizes the main research resalts four conclusions and provides an outlook.

Sample suites were in part also analyzed for biostratigraphic purposes by Ben Yang and Michael
Steiner (Freie Universitat Berlin, subproject 3) &mdgeochemistrypy Simon Hohl and Harry

Becker (Freie Universitat Berlin, subproject 4).
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CHAPTER wuw

The Ediacaran-Cambrian transition:

A critical time in Earth history



1.1. The Precambrian toCambrian 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 glaagiatgiurtian, ~ 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,
theorigin of manyif not most animal phyla can be traced to only within ca. 20 Ma following tHé Pc
boundary (ca. 542 Ma) which marks the most important evolutionary radiation in the history of life
(Marshall, 2006; Smith and Harper, 2013n a broader scalth e i bboirlilnigpn d was ei t
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), geochemicahanges (e.g., a general trend of increasif®rf°Sr andi**C..n in sea water,
changes in the Geoncentration, availability of Cr or Ni as an essential trace element for photosynthesis
making a rapid increase in oxygen possible) or clirmatiganogaphic overturns (e.g., the end of

glaciations washed nutrients into the sea) at or near tetRmsition (Fig. 1).
1.2. The Ediacaran toCambrian bioradiation

Thebase of thédiacaran period (ca. 63%a. 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.C2006).
carbonate weredeposited worldwide after the e@tyogenian globaMarinoan’ glaciation (saalled
AiSnowball Ear t h o ; ThelsubstgumeaNeopreterozaid glagiatiohsda@lkBcpnyincing
globally correlative deposits (e.g., the Gaskiers glaciation, ca. 582 Ma; Halverson et al., 2005;
glaciations on the Westfrican Craton, ca. 560 Ma; Vernhet et al., 2012; Deynoux et al.,; 20@ba
possible glaciation at the Ediacat@ambrian boundary, ~542 MeReliable evidence fax Cambrian
glaciation has rarely been documentasl anexcepion, Landing et al(2010)documentedsections in
Avalonian New Brunswick and Irelanidat possibly preserve tillitdNevertheless, glaciations had been
commonfrom about720 Ma until thebeginning of theCambrian, superimposed by major biological

innovations during the Neoproteroed@fambrian transition (Evans, 2003).

Ediacararype biota represent the emergence of large and architecturally complex organisms
(Narbonne, 2005) compared to former organisms. They were first recognized by Billings (1872).
Numerous tudies of the padivo decadesuggest the Ediacaran organisms were composed of soft,
flexible tissue withHarge surface area and immobile animals or angnadle organismddr a review,

see Narbonne, 2005). Further biological and ecological innovations during Ediacaraneinclud
calcification (e.g.Clouding Hofmann and Mountjoy, 2001) and predation (Hua, 2003). The Ediacaran
biota disappeared around tRe-C boundarywhich iscurrentlydefined by the first appearance of the

trace fossilTreptichnus pedurat the base dflember2 of the Chapel Island Formation, Fortune Head,

-2-
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southeast Newfoundland (Brasier et al., 19%).t hi n

t he n

e xt 20

Mast or

significant evolutioary chainreactions, thefi C a mb radiatiam, took place (Marshall, 2006)

documentedby a spectacular increase in animal disparity and diversity in a relatively short time.
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Fig. 1. Compilation of global tectonic events, sea level changesopic trends and changes in
taphonomy during the Ediacarg@ambrian interval. Modified after Brasier et al., 2001.

S

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

stages of the Cambrian: the diversification of coelomates thdtiped complex burrows (Hte 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

-3-
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Stage 3, cab20.5 Ma Landing et al., 2013) (Fig. 2Ynfortunately, 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 andssheee not yet been formally named and
defined. The main reasofar this deficiency ar¢l) awidespread discontinuity at the Bcboundary

because of exposure (e.g. karstification, denudation)samdigraphiccondensation phosphorite,
glauconite, blak shale deposition anldardground formation)(2) a strong biotic provincialism and

facies control causing difficulties in correlation between diff¢dithologies and continents; and (3) a

paucity of suitable marker beds for a global or even regionedlation.
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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 stratigghic methods has been applied to the study of the Pletzanto-Cambrian
transition most importantly big sequencechrone andchematratigraphi¢echniquesTheir methods

and findings will be briefly outlined below.

Biostratigraphy The first occurrence ofreptichnus pedunmdicates thébase of the&Cambrian Prior
to the appearance tiis comparatively complex trace pattemace fossil diversityvasrelatively low
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andwasdominated by horizontalndsimple trails Jensen, 2003orada et al., 2008An important

group of organismsSmall Shelly Fossils (SSB), appeared just prior to thecboundary. Thewere

first used by Matthews and Missarzhevsky (1975) andely applied tothe identification and
classification ofsmall usual l y phos phiapreatrifobitit, LéwerrCarbbliagsinatat i ¢ a 0
SSFs represena polyphyletic category of mineralized fossil remajr@robably related ta specific
taphonomic window in the latest Neoproterozoic to early Palaeozoic (Steiner et al.,80a@}her
fossilsnear the PEC boundary, most significdgtCloudinaandNamacalathusalsocontribute to the
paleoenvironmental and biostratigraphic resolutiorthef Precamtian-Cambrian transition (Grant,

1990). Theprincipalproblem ofapplying thebiostratigraphic methotd the PeC boundary ishatSSFs

and trace fossils are strongly faciesntrolled (Lindsay et al., 1996endemic, and represent

comparativelyjlong stratigraphic range(Seilacher et al., 2005)

Sequence stratigraph#s mentioned above, R€ boundary sections worldwide are replete hithti,

unconformities, hardgrounds, and exposure surfaces. Stratigraphicallpmess continuous sections
are rare. e Precambria€ambrianboundary stratotype sectiothe Chapel Island Formatioof
southeast Newfoundland, was investigated with kdar its depositional history and sequence
stratigraphy (Myrow and Hiscott, 1993). Lithological change from peritidal sandstone and shale to
subtidal thinly laminated siltstonat the FAO of Treptichnus pedurthe P¢C boundary suggest a
(minor?)flooding surfaceThe PeC inteval in the Whitelnyo Mountainsandthe DeathValley region

of California basically shogs/shallowingupwardcycles in whichwith shallowsubtidal siliciclastic
rocks at the basgrade intoshallowmarinecarbonates (Corsetti and Hagadd®@03). Inthe White-

Inyo Mountainsregion, the top of most carbonate cydeshow minor karstificationLindsay et al.
(1996 studied two sections in Zavkhan Basin of southwestern Mongolia which comprissdatge
altemations of siliciclasticand carbonatdominated units, aiming at facies and sequence controls on
the appearance of the Cambrian biota@mtludedhat basin analysisould beneecdbefore the Pc

C boundary ould bemeaningfullydefined Overall, numesus studies worldwide indicate thaetPe

C bounday nearly always conincides with one or several sequentidégseHowstand andassociated

sequence boundas.

ChemostratigraphyMany geochemical studies have been conducted at t@etRmsition including

carbon, sulfur and strontium isotopes and reslenxsitive elementsmostly for the purpose of
understanding the causal linnd interaction betweeibiogeochemical events, earth surface
environmens, and the dynamics of the solid Earth with biotroletion (Shields et al., 2004; Sawaki et

al., 2010; Li et al., 2013). Carbonate carbon isotope geocheniispgrticular,s a classical proxy to
interpret environment changes, thi8Cc.n values are widely used as important criteria for
chemostratigaphic correlations among continents, e.g. South China, Oman, Namibia, Siberia and
Canada (Li et al., 2013; Amthor et al., 20@8phave proven useful for identifying the-Ecboundary

where sedimentary environments or lithologiesnot allowthe preseration of Treptichnus pedum
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The Siberian Platform was firsd besurveyed forstableisotope ratios at the Precambr@ambrian
boundary (Magaritz et al., 1986). Staidetope studies on the #tboundary from other parts of the
world followed (e.g. Brasier et al., 1996; Kimura et al., 1993hikawa et al., 2008;i et al., 2009
Jiang et al., 2000

In South Chinathe carbonate carbon isotope valuesiftate Ediacaran to the eaBambrian show a
generally increasing trend but in detail revealaésy transition with extrem&C oscillations until
about 520 Ma (Fig3), after which a modern marine ecosystem became firmly established (Shields
Zhou et al., 2013).
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Fig. 3. Integrated stratigraphic record ofhe late Ediacaran andearly Cambrian showing the
chronostratigraphic framework of South China with timguivalent biozones, bioevents atte

fisubstrate revolutiod. i*C dataareafter Zhu et al. (2006)lhe DOUNCE and BACH"C.. negative
anomalesrepresent the South Chinaéqwy al ent s t o t-Wen gk @ band o Ma&Slhyud aamn
C boundar yrespectivetydHe yatge positive ZHUCE excursionitides withthe third

major assemblage @mall Shelly Fossils on the South China platform.

In numerous mixedarbonatssiliciclastic systems, the first appearance of Treptichnus pedum occurs
just above g@ronouncedegativel 3C excursion (Maloof et al., 2010) of unknowause In contrast to
older Neoproterozoic negativié*C excursios, this excursioris anomalas andappears noto be

associated with globalglaciation.



In recent years, organic carbon, sulfur and strontium isotopes and-sedgikve 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 methed: multiple elements and isotopic
systems were applied, in particular where these were combined with paleontological and
sedimentological investigation$his thesis contributes to the latter by providmgomprehensive

sedimentological framework inkaey regionof this time intervalca. 542520 Ma)

ChronostratigraphyUJi Pb ages of zircons from tuff bedsathervolcanic detrital unit@re pivotal in
il earning to teldl N e o pArlUePb @rcomage®42® 10t3 Mangndhor(etdln o | | , 2

2003 from the Ara Group of Oman defis¢he abruptdisappearance dhe late Ediacaran fossils

Cloudina and Namacalathusoinciding witha largemagnitude but shottved negative excursion in
the carbon isotope composition of seawater. Becauseotiredhryin Omanis defined by the abrupt
disappearance @loudina(there is ndlreptichnus pedumdocumented in the cores and well cuttings)
its biostratigraphic correlatiowith siliciclasic regions whereTreptichnus peduncan be common
remains problemat. In Newfoundlandwhere the biostratigraphic and sedimentological control is best
U-Pb radiometric ageof volcanic zircons yieldedgesof 5307+0.7 Ma (Isachen et al. 1994) within a
siliciclastically dominated sequence, but this bed unit containihgamic zircons is ¢ca800m above
thebiostratigraphic P€ boundaryThe location of the Precambri&@ambrian boundary in Siberia was
interpreted to be constrained by a weighted ni&®t/3%U ID-TIMS zircon date of 542+1.Bla from

a reworked volcaniclaig breccia near the base of the Nem&lkaidynian at Knorbusuonka (Maloof et
al. 2010). InSouthChina, UPb dating of a tufin Bed 5 oftheMeishucun section recasd depositional
age of 536.5+2.Ma (Sawaki, et aR00§ and535.2+1./Ma (Zhu et al. 2009 however, the Meishucun

section overlies an unconformity and the datedibeekll within theCambriansection.

Thus, all methods applied-ttate show problems. It is likely that a fieeale time framework of the
Precambriasio-Cambian 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 o&dtenic, 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 worldwnestigate the PC
boundary an@arly Cambrianevents (Fig. % It preseresunmetamorphosedelatively complete
regionally coherent andidespread marindominated carbonatsliciclastic sequences Ediacaran
to Cambriarage,including numerousvell-studiedfossil lagerstattenlts bio-, litho- cheme and

chronostratigraphic aspects have been intensively investigated for decades.
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Fig. 4. Paleogeographic reconstructismuring the late Ediacaran (top) angarly Cambrian(below),
modified after Li et al. (2008). The position of South China is reconstructed in anGanewana
passive margin setting in moderate to low northern latitudes.

The South China Block consists of the Yangtze and Cathaysia blocks, which weramaatetjduring

the early Neoproterozoic Sibaining Orogeny at ca. 1000 Ma to >900 Ma (Wang and Li, 2003; Li et
al., 2005).Two major rift basinsresulting from the breakup of Rodinia (Meert and Lieberman, 2008)
exisied alongits southeastern and westamargins (Wang and Li, 2003The Kangdian Basiat the
block’s western margiand te northsouth trending Nanhua Basin (with several-babins) at its
southeastern margin. The distribution and developmenbveflying Neoproterozoic stratavas
influencal by this rifting and consist of four major sequence se&20to 635 Maold (Wang and Li,
2003). Although the timing of the rifb-postrift transition is unresolvedyverlying Ediacaran strata
(635542 Ma) are believed to have been depositedpgassivecontinentalmargin setting during the
postrift period and developed a variety of facies associations from shallow to deeffdrasiet al.,
2003; Jiang et al., 2003, 2011). Outcrops of Ediacaran to Cambrian steliddeepvater faciesare

well exposed on the Yangtze block but are rare on the Cathaysia block because of strong tectonic
deformation and magmatism during the Ordovietlurian and Indosinian orogenies there (Li et al.,
2003). PostMarinoan (Ediacarah marine carbonates and shalege assigned to the Doushantuo
Formation and Dengying Formationsoth in theshallowplatform facies) oto the Doushantuo and

Liuchapo Formatios(both representing thadeepbasin facies), respectively. The distribution of early
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Cambrian shallovwvater anddeepershelf deposits idargely controlled by the architecture of the
underlyinglatestEdiacaran Dengying Formation carbonate platfstrata which experienced several
regressions and karstifications.
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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 platfor®teiner et al., 2007).ocations mentioned in the taldee 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). BecauseTreptichnus pedundloes not occur in carbonatebe tbase of Early
Cambrianstrataon the shallow carbonate platforaf the Yangtze Platfornis taken asthe first

appearance of skeletal fossils in Earth history pibiggeneticSmall Shelly Fossils (SSFs) (Steiner et



al., 2007) while in the deeper partthe basindue to the lack of fossils there,strepresentethy an
apparerly correlativenegativeli 1C3excursion (Zhu et al., 2006).

Within the South China (or Yangtze) platform, eastern Yunnan preserves the most complete and
lithologically varied badeCambrian strata. This region is therefore one of the best archives worldwide

to understand this time interval.
1.4. Main questions and objectives

This studyis part of theprojectiiEcological and environmental change recorded through stratigraphy
andsedimentology at selected Ediacax@ambrian boundary sections in East and Central dsiat h a t

is embedded inthe DF6 o r s ¢ h e r g The Precambria®&mbrian Ecosphere (R)evolution:
Insights from Chinese Microcontineats It s ai m wa srelatiomships rbetweesnt theg at e
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 stutdiksle:

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?

1 Whatis the outcrop record of stratigraphic gaps and whichenid chemostratigraphic changes
occur there?

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

form at the same time?

Research presented in this study thussaio characterize and interpret the sedimentary context and
evolution of the southwest Yangtze platform during theCHaterval by documenting in detail the
stratigraphic succession, classifying the lithofacies in association with their depositionahemyit,

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 RGE2. 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 meteto centimetrescale with emphasis on sedimentary structures, textures, lithology and
stratigraplc architecture. A08m thick stratigraphic windowtaLaolin section and the areaposed

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
sectionof limestone, dolostone, phosphorite and sandstraesphoritenomenclature follows Trappe
(1998), derived fronthe limestone classification &unham (1962)

2.2.Laboratory analyses
2.2.1.Thin section preparationand staining

Samples were cut into two slicks slab polishingandfor thin section preparatioiNearly allthe thin

sections ar®& cm x 3 cmin size. The sample slicgasfirst cut into a rectangleof standard size5(x 3

x 0.5 cm), then mounted on a glass slide with epoxy re&iter heating in the oven overnight at 50 °C
temperature the sample was cut by machine and subsequently polishing down to 30 um final thickness

using progresively finer grades of abrasive material (carborundum).

Alizarin RedS dye was used for calcite staining. The recipe is a mixture of 100 ml 0.15 to 0.2% HCI
with 0.2 g Alizarin Re€S. Thin sections have to be clean, dry andrei. The thin section ihén

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

Thin sections werenvestigatedwith a transmittedight microscope equipped with polarizer and
analyzer stages (Leica DM EP) at Freie Universitat Be@athodoluminescendavestigationsvere
carried out with the hetathode Clmicroscopdtype HC3LM, Lumic Spezialmikroskope, Dortnmal)

at the Museum fiir Naturkunde Berli@ermany The system was operated at 14 kV with a filament
current of 0.1 to 0.3 mA. Thin sections were polished and cerbated at Freie Universitat Berlin.
The coating was done at standard conditions to a thsskokabout 15 nm to avoid variations in-CL

intensity.

2.2.3.Back-scatter electron microscopy and EDX analysis
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