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Cretaceous oceanic Redbeds：Implications for Paleoclimatology
and Paleoceanography
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Abstracts The o℃taceous is锄0n只t|le most unusual eras iIl血e Eeologic al past Geoscience communines have been

having great c州lcems with geologjcal phenomena wi血iⅡthis pedod，for example carbOnate platforn塔and black shaks in

t11e Eimv and Middle o七taceousrespecdvel v1 during tIle last decades But fcw p。0ple have pajd a吖attendon to血e set of

pelagic聪dbcds lyi“g on龇b1‘Kk sh出s，Ⅱot to men廿on血e appllc撕ons t0 palcocⅡmatolOgy aIld paleoce锄oFaphy It 1s

shownby山e sedimen哪recordsOfredbeds，t|lattlleywered印ositedamundt|leCCD，withbo血ahighef contentoflron

andmuchlower concentranoⅡs oforganlc cafbon，w11ichimphes condinonswim a一瓶velylligh∞ntent ofoxv霉en Such

r酣beds occuned in the￡lobal oceans，malIlly in山e Tetbvan瑚lm，witll difhⅡent duraⅡOns of depOsmon and acl{max

f帆山e late S aIltoniall to ea—y C釉palli锄G10bal c001ing a士ld dr锄atic ch锄ges in ocean cuⅡents面ght help to illcrcase

t11e oxygen nux betweeIl血e atmosphere and oceaIl，aRer山e large scale orgaIlic carbon bu—al dlldng‘lle MiddIe

CretaceOus，andmereforcleadto山eOxy譬en撕0nofde印ocean and sotlle Occun℃nce oflateoretaceOusoceaIlic redbeds

K2y w删s：cretaceous，0ceanjc redbcds，paleocⅡmate，paleoce粕。肿phy

1 Introduction

n isⅡ10u曲t tradinonallv山at a greenhouse climace

predoIllinated in血e o呲aceous wond，aIld the related

geological phenomena，for ex蛐ple carbonate pla饪oms
and black shales，have bccn paid much anen石on to by山e

IntemanOnal geosclence co】砌umnes，du九ng the past tens

of years fBen廿a and Johnson，1999)．There is s枷1 a big

pmgress to be made in understanding the evoludon州
medl8nisms of paleocean and paleochInate at山at nme，

altho“gh a series of ge0109ical progr锄s and projects has

been conductcd which increase our understanchng about the

Cretaceous greenhouse climate(Bice et a1．、20021 The

discoverv of Cretaceous oceanic redbeds fCORBs)allows

us to extend our sttldies of(he Cretaceous DaleoceaIl and

paleoclimate(Wang et a1．，2000a，2003；Hu et a1．，2003)，

whichistlle aimof山etwonewlyfoundedI(论Pproiects，i．
e． IGCP 463／494． From aIl earth svstcm scknce

prospcctive，柚d witllinⅡlc f伽nework of IGCP project，
山is research will correlate me global CoRBs，elucida畦n窟

its genesis alld applicanons to paleochmatology and

paleoceallog‘aphy，which is of much iIllpo咖ce for

underst孤ding the evolunon of血e pdLeoceanjc，

砒Ⅱ吣s口heric svstem after me occurrence of oceanic anoxic

events fOAEsl．

2 Question：why CoRB?

The complete Cretaceous stm69rapllic secdon is

elposed near the Chuallgde Village，Gyangze region，

sou血em Tibet(Fig 1，WaIlg et al，2000b；Li et a1．，1999)

In the Gvabula Forrn撕on of山e B州℃面a11一S柚tonia工l
sta譬e，me black shale of Cenomallian．T盯onian Bo咖darv

(CTB)can be found and was proved to be the product of

global 0cea|lic events(WaIlg et a1．，2001b)．

The Chu锄gde Fomladon 1ies on me t0口of me 0Vabula

Fo姗ation wi山an age fmm the Sant0Ilian to Campani柚

(Hu，2002；Wanet a1．，2003)，and atllicknessof40mfFi窟．

1)， composed of 呲aranth， maroon lime and marls

intercalated witll lavers of amethvst shal部粕d siUceous

shales．Calcimdite and slump rocks witll heterogenous

glauconite appear above the boundary between tlle

Chuallgde柚d Gyabllla fonn撕ons，implying deposmon

withinadebrisfIow．Neither arethere aIIY signsof出allow—

water smlc呲in me rock Iayers，nor temgenous siItv

del)ns．The asse埘由1age of planktonic foralllinjfbra and

r训olariaII suggests a pelagic deposinon environmen‘

which would be in tlle 10wer sloDe-basin amund the CCD

This deposmon depth is al＆o proved bv such phenomena．

for ex锄ple，山e erosion of f0糟nliniforan fossi』s in che

siⅡceous shales，aIld the deposi廿on of gravity nux in t11e

upper part of t11e Chu柚2de F0埘ahon．
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Fjg 1、cretaceous outcrop and its s盯atigr叩hlc iⅡterpretation in chu锄gde，Gyangze，∞utt】e瑚Tmet
CDFm ChuangdeFo皿atIon，GBL Fm一(寸abuIa F。珊a【lon：ZZFm—zongzhongForrrⅢIon：wMFm w㈣
F0nnat【0nofthe UpperJurasslc

Petro．∞ochemkal data indicate a rather drarnatic

chan卫e with the increase of血e Fe3+／fFe抖+Fe斗)mdo f如m

O 5l幻0．99，c叫espondjng co fhe∞nsidon f如m black c【)

I℃d shales．It is血e existence of heInatite that makes the

rock become red．X—Rav diffraction results demonstrate

that hemante occun℃d as minute non—crvstal DanjcIes

dissipated in tlle redbeds．a product of the ea“y di89enesls

around the interface of water—sediment，sugges“ng high

oxvgenabon conditions in the bottom water The

abundance of organic carbon also shows drama【jc

reduction from O．5(22 samples)to 0．1(8 salllples)percent，

even less，durin2 this black t0 red bed transition When one

considers the modem ocean， very few pelagic 陀d

caTbonates occur，exceDt for the aeoIian red clays in the

no曲em Paci缸． Earlier fesearchers mefefred o血er

exDlanations，such as me“shon oscinadon of reduction—

oxy窖enation in the bonom water caused bV mrbidites”or

‘‘paleogeogr印hic change in 10cal area”，for the occun℃nce

of CORB fGomr et“．，1993)，which is not the case

(T“ysuz and Yikilmaz，2003)．Thus，why d试these special

01ygenized sediments occur?Did山ey occur only 10cally，

or on che ocherhand'globaIly?Ifthe Iatter js the case，then

wh砒is the paleoclimatological and paleoceanogmphic

significance of CORBs?

3 Characteristi∞of Global CoRBs and Their

7Ibmporal and Spatial Distribution

Aftcr a comprehensive collection of data on CORBs

fmm differem parts of the world(Sartj and Hu，2002：

Tuvsuz and Yikilmaz，2003：Table 1)．CORB have shown

signs of910bal distribution(F培2，No币s et a1．，200l：Hu，

2002：Bralower et a1．．2002：Shipboard Scientinc Partv，

2002，2003；Hu et a1．，2003)．compared to由Iat 0f Midme
Cretaceous black shales．

It seems tha￡CORB appeared predomjnan口y m the later

Cretaceous，after me occurrence of OAEs．and were

affected by local tectonism and deposition of tufbjdites
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Tamel(kmparIs帅ofn幢向呻砌char雠te—s廿璐of此帕CoRBsf阳mse代ntypicalare船iⅡtheworld

N0把：P1眦see竹'etextf讲山e da诅㈣

Fig．2 PaleOg。og珀p11ic 10calities ofCORBs in ttle Lace Cretaceous

Note-Pl黜see山ekxtfor da协煳cs 1he baselIlapis 4 pd∞gcogr8pmcm印of80MaiⅡthcc址巾柚lan stage，dowllload甜edfrom ht岫：肌rww 0dsn

d酣0ds“servlce昨mcomap，paIeom8p山IIIll

(Gorllr et a1，1993)．Bo山the start and end of CORB

deposi石on in di丘brent parts of the world were not

synchmized，wi山a notable global cHmax du血g山e 1atc

Santonian—earb Campanion coRBs are maijlly disⅡjbuted

in deep—water envimnments of 10w-l撕tIlde regions in the

910bal 0ce如s，including山e Temy如，An柚nc，IndiaIl aIld

Paci矗c Oceans．oceanjc domains inv01ved incJude the

connnental sl叩e，oceaIlic basin，outer shelf alld se锄ount．
Because of di饪erc玎ce in the degrees of innuence imposed

bv tectoIlism，much of the CORBs ca工I be foIIIId fn cfle

westem Tethvs aIld Nor【h AtlaTlhc，wllile less rcmaills in

廿1e omgenic zone of t11e eastem Tbthvs and on吐le
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se帅ounts of t11e Pacific oce蚰Rod shales．rled malls and

1imes，a11d red siliceous shales compose血e nmo．types of

me CoRBs．

AccoHhng to the outcome of 111e moba】c呲lan伽，the
most sigIliflc呲geocheIllical characterisncs of甜obal

CoRB are oflow levels ofor2anic carbon，less山an 0．1％，

aIld oflligh contents ofhemadte，lO％inthe red shaIes at

most，as the product of in-sitIl o)叫gena廿on in me ea—y

diagenesis(Eren et a1．，2001)，suggesting high levels of

oxygenanon血n“g deposlnon-

4 CoRBs and Their IppUcati0瑚 t0

Paleocea肿graphy锄d PaleocIilnatolo器

It is suggested bv various liIles of evidences tllat山e

Cretaceous experienced 慨e s诅ges of evoludon of

卫reeI血ouse dimate， i．e， tlle wanIl， hot aIld c001

greellllouse，印pmximatcly corresponding to E耐y'Middle
and Late Crctaceous．with血e hi曲est tempemtIlre at me

Cenomanian-Turonian Boundary， it generally becarne

colder ftom山e Coniaci如to：Maastricbnan(Barrera and

Johnson，1999；St011 aIld scllra岛舢)，which favored t11e

increase of dissolved oxvgen contents of oceaIls．The

枷plimde of血叩pingintempera呲f如mtlleConjacianto
eady CampaniaIl，coincidillg wi血山e climax of CORB

deposib帆， is s廿ongest in “s whole process， wi血

evidences bdⅡg found ．m everv ocean of(he worH

(Jenkyns，et a1．，1994；clarke and Jenkyns，1999)．ne
reason for mis gene珀：l扛end of glObal c001ing in the Late

o汜taceous has been ascribed predominanⅡy to me

reduc60n of warIlltlouse effects of C02，levels of which in

t11e oceanlc，aⅡIlosphedc system had decreased dr锄ancally
as a resultofweakeningofoceanic volcaIlismincludingme

oceancrustproduc“on andLIPs(1argeigneousprovince)at

山at廿me，and the large scale burial of organic carbon

(Anhur et a1．，1988：Larson，199lb)dunng山e Middle

Cfetaceous

The global c001ing during the Late Cretaceous would

faVor tIle increase of equator_pole tempemtllre gradient，

which drives血e oceanic curTents and fbnnadon dee口water

面亡he bigh—ia曲Ⅱde l℃掣伽，and me瑶fofe，me∞msponadon

of oxygen to血e deep ocean．Poulsen et a1．(2001)have

pointcd out that the cycle of me global ocean had

stengthened considembly after oAE2 at山e Cretaceous．

Tertiary Boundary， due to the iIli廿ation of a deep

conⅡecbon between 111e Nornl and Soutll Adan廿c ocean：

and me deepwater of 910bal ocean had been oxygenatcd

compleIeb wi血the s舢血em pole as也e so雠ce re窟ions of

de印water，which is in accordance wi血me occllrrence of

CoRB Hay(1995)emphasized，however，山e importarIce

of 10w一1atitIlde region fbr山e deepwater．It is wofthv of

funller consideradon，if there arc any relanonships be【ween

山e 10w一1“tllde dis研bu廿0n of CORBs柚d me in．s沁

deepwater．On山e omer hand，the amIosphefic 01ygen

coment．m nle Late Cretaceous was reladvelv 11igh

co删pared wjm o出er pedods of出e Phanerozoic(B锄er et

a1．，2003)：吐1en wi山the com岫1a60n of 910b“cooling and

the dramadc chaIlge in山e oceall culTents，廿le oxygen flux

between me ocean and anllosphere were certaill to increase，

wtlich is favorable toⅡle occurrence of CoRBs and山eir

dobal distribudon．
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