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ТЬе Осеапiс Апохic Еvспt tlшt occurгed аl Ihe IГЗIIsitiОIl fгош Сепопшпiап 10 ТUГОlliап 
(ОАЕ2) is а briglJt episode ill thc Сгсtзсеош !Jislory. ТЬс secliorl of 'Ьс Cenomanian­
TurOllian terrigene dcposits 0 11 tllc Nizhnyaya Agapa River (Ust'-Yenisei region) with 
vestiges of ОАЕ2 has Ьееп analyzed in sedimentology and раlупоlоgy. Техtuгз! features of 
deposits as wcll as tllcir facies iпteгзсtiOllS in t!IC section Ьауе Ьееп studied in detail. 
Stagnation and IlOгmаl-lIIагiпе settings alternate, \t'hich is typical of bIack-sltаlе facies. This 
is well expressed iil the replaccment of shal!ow-marine sалd rocks containing bent!Jic fаuла 
Ьу bIack апd bгownish-gray leaf clays with signs of pyritizatioll, without mасгоfашш, 
геПесtiпg scttillgs of stagnation. Qualitative апд quantitativc changes in the composition of 
organic-\t'all шiсгорhуtорlалktоп Ьаус ЬееП estabIislled, !шd {Ье facies-dependcllt dупашics 
of taхопоmic varicty of dillocysts ЬЗS Ьеел tгзсеd. Comparative analysis ОС distribution ОС 
раlУllопюгрl1S has ЬССII performed in dcposits related 10 tI/е Cenomanian-Turonian Oceanic 
Anoxic ЕУспl in different regions. 
Sedime1ttology, palYllology, paleogeograp/IY, Laze Cretaceous, nortl,em Siberia 

INТRОDUСТЮN 

ТЬе Cretaceous deposits of 'Ье ЕапЬ Ьеат traces of large geologic (Iectonical, palcogeographical. etc.) апd 
biological (changes irl fa una and Поrз) events ,Ьа! transfonned [Ье [асе of ош planet. Extremely wide occurтence 
ОГ carbonaceous fac ies is а vcstigc 01" such global cvents. DгiШпg 01" tlle decp-water boreholcs (Ьа! репеtratеd ,Ье 
Вштсmian-Арtian alJd CellOmalliall-Тuroпian "Ыаск shalcs· ' in 'Ье south of thc Ccntral and in 'Ьс west of the 
NогthсПl Pacific gave us а деерег insighl inlO 'Ье structure and gcographical rangc of dеJЮsits ОГ this 'урс [1]. 
Тhcy fonned iп differenl paloobathymctric rettings. e.g. оп oceanic plalcaus. COlltinenlal margills. anд in 
epicontinental scas. ТЬе widc occurтencc of thi s kind ОГ sedimellls suggests t!ШI tlleir formation was по! govemed 
Ьу lоса! conditions but resulted I"roт global "oceanic anoxidc evcnts". which are treatcd as а conscqucncc of the 
cumu lative effcct оГ scvcral faclOrs [1-5!. First ОС аН, this is [Ье Lale Cretaceous transgression, having increased 
,Ье area and volume ОС shallow epicol1tinel1tal seas, combined with high biologica] productivity. Of importance 
ате а]$О global warming аод cli mate Icvclling (dccrcasc in tClllpcrature gradients), weakened oceanic circulation 
dwindling tllc mngc оС cold, oxygcn-satumted Ьоноm waters in Ibc world асеап. Finally. thesc аге factors favoring 
thc dcvclopment of density stmtificatiOI1, c.g. freshening (Ьс surfacc walcrs ОС (Ьс shc]f Ьу пусгs, supplying а greal 
arLlount of organic matt.er of terrestri al plants, etc. 

DеjЮsits with а higher COnICn\ of organic сarboп exposed Ьу deep-water boreholes зrе represented chiefly 
Ьу Ыаск ог dark-gray пшdstопеs and siltstones, as well as Ьу marls anд limestoncs. Organic mattcr сап ье both 
ОС marine (sapropcl 'урс) arld terrestrial (humic ' урс) genesis. These deposits are JamilJated. with altemating 
Corg-rich and CQrg-поrmаl interbcds. ате biotumated. 3J1d have wcll-dcveloped communities оС bcnthic fauna [6J . 
Anaerobic сопditiош; were supposed {о аррсат а! the waler-sediment boundary; thereforc, [Ьс burying organ isms 
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could nol live lllcrc. TllCSC facies cOnlail1 only representatives оС eribcnthOS (l11ainly. Inoccramidac) :lIId гcm<lil1 $ 
оС pclagic organisms [4. 5}. 

Опс ОГ ttlC 111051 briHian! cpisooes of tllC Crct<lccoUS tJistory involved witl\ tl\c ргоЫеm ul1der cOl1sideralioo 
is ttlC 5O-callcc! Occal1ic Апохic Еуеnt аl IJ1C Сспоmалian·Тuгопiап boundary (ОАЕ2) . 11 has rcccivcd thOroUgtl 
sludy at Tell\yarl caroonale SCctiOl1S. sеСliопs of oceal1ic sediments. al1d h<ls Ьсеп dC5cribcd in пшпу ruЫiС<ltiопs . 

Mucll lcss is kr10wrl аЬои! thc пыпifсstаliоп оС tJ\is everlt ir1 Icrrigcnous dcposils of '!1е Вогеа! :шd. especially. 
Arctic Ьаsiпs. 

Лs поtсd Ьу Naid;l1 ct al. [51 . ttle аррсагалсе ОС "bJack ;nterbcds" ;п срiСОПI;ПСr1tа l ~cc\ions s!1Ould hI: 
considcrcd against [!1(~ background of \!\е gerleгal slruCture ОГ Illeir 11OStil1g deposils. Iп tlJ is соппссtiоп. of grc:1I 
inlcrCSl is orlC of Il]C bcst seсl;ОПS iп nonhern Eurnsia. thc Ccnol1lanian-Turonian 5Cctiorl оС tcnigcnous dcposits 
011 tllC Nizlюуауа Agapa R;ver (пеаг Ust' -Yeniseisk). Saks апd I~опkirlа [7] iпfеrтеd tllC ехistспсс ос CCl1ol1lanian 
тш;пе dcposits in [Ьс Ust'-Ycrliscisk depressiol1 (гот tlle iпtсгЬеds willl chal110sile апd g]auconite fоuпd аmопg 
thc sands pcnctrated Ьу borcholcs оП IЬС Yakovlcv згсh ащl palynologic<ll]y dated 10 Ille Сспоmапiап . Вщ Illt~ 

асшаl disclosurc of Иррсг Сеr1ОПJaпiаrl l11ariпе sсdi111СПlS was l11ade in 1988, whcn а group of palcontologists апd 
litt1Ologisls оГ IIIC UlGGM. Novosibirsk, iосludiпg AL. Beisel. к.у . Zvcrev. N.K. Lebedeva. and О.У . К!lОшеп· 

tovsky, undcr 111е Icadership of У.л. Zakharov. investigated ,пе Иррсг Crctaceous in (Ье Agapa basin. А 100 111 
thick scction of lenigcrlOus sалd-сlау dcposils had Ьее!1 dcscribed оп thc Nizhoyaya Agapa River. '! сопtаiпсd 
аЬuпdаш fаUlШ, including Inoccramidae, which iпdiсаlсd [Ьс prcscnce of thc UP(JCf Ccnomanian and pcrmittcd 
Ihc Сспоmапiап-Тuгопiап bOUl\dary to Ьс localcd (81. As а rcsull оГ delaiJed sеdill\еПlо1оglса], paleonlological. 
and pa1yno]ogical studics, а composile seclion of Ihc Иррег Сепоmапiап-Тuroпiап has becll construcled. рага1lсl 
slratigraphic sca]~ based оп lnoceramidac апd diпоПаgеllаtе cys\s (diпосуsts) Ьаус Ьееп developcd. Шld main 
biotic and abiotic events (па! affecled lt\C scdimenl formalion have Ьееп геСОПSlЛlсtеd 18-15]. 

Rcccnt invcstig<ltions h<lve ОССП focussed оп dislribution ОС various organisms, iпсludiпg огgапiс-wаJl 

тiсroрl1уtорlапktоп, in (Ье СепошапiаП-ТUГОl1iап deJX>sits with I.Гaces of ОАЕ2 оп [Ьс Еиroрсan сопtiпспt, in 
Grcal Brilain, Шld in NOrttl АтеПса. Thi s was ап iшреtus 10 соmiпuе this line of work, a.s а detailed palynological 
апаlуsis of thc Nizhr1yaya Agapa scction па); revcaJcd divcrsc com plcxcs of microphytofossils. including spores 
and роНеп ОС terтestгial plants, diпосуsLS, prasinophYlcs. aCnlarchs. <lnd othcr groups of uncJcar syslcmatics. 

Тпе рrcsеП\ рарег is аiшеd al studying qualitative and quащitаtivе changes il1 соmJЮsiliоп of microphyto­
p1ankton. dynamics of taxonomic divcrsilY of dil10CYStS as а functiOr1 ог facies in the Nizhnyaya Agapa section 
and <11 cOl11raгing lhe distrihulion of раlУПОl110грп); in thc dcposils rclatcd 10 [Ьс Сспоm:юiап-Тuгопiап ОЛЕ in 
scparale геgiопs. 

MATERIAL$ AND METHODS 

The sedil11cmology of deposits was studied at пашга] outcrops al011g (Ьс Nizhпуауз Agapa River алd ilS 
lributaries. Since tt\e rocks are fairly wcll exposed al1d аге easY-IO-il\vеstigаtе in cxposures as weH a.s in sуstешs 

of artificial trenches (al less exposed si tes). 'Л'с h<ld а possibilily [о study {ехшга! fcatures of the deposits and their 
facies relatlol1sl1ips in Ihe sect.ion. Thc cOl11posile seClion Iшs Ьееп buill 011 'Ье basis ОС согтеlшiоп Ьу lithological 
and paleonlOlogical mel!\oos оГ numcrous ou[crops of Ccnomal1ian-Turonian dejXIsits (see Fig. 1). 

А commcnt is needcd Ьеге. Кhоmспtоvskу [14J has dcvelopcd а zonal lпоссгаmidае scale Гог the Иррег 
Crclaccous of thc USI' -Yeni~eisk rcgion. Iп 'Ье uppcr раП of IЬС section оп {Ьс Nizbnyaya Agapa Rivcr in [пе 
Nasonov Forтnation, пе has estabIishcd ,Ьс 'п . (In.) cf. cuvieri Subzone wilhin thc ln. ( 1п. ) 'атагсю Zone arJd has 
indicatcd а stratigrap!lic range. Иррсг Turonian. since IЬС 1991 Slratigraphic Schcme adopls а bipartite division 
of (Ье Turonian [16]. However. in [Ье hyposlratOlYpe seсtiопs ог the Nonhwcstem Euгopc the ln. (I п.) lamarcki 
and ]п. (In.) cuvieri Zorles date fгom Iпе Middle Turonian. Tl1erefore. to avoid cOllfusion 111 IЬе existi ng straligraphic 
СОI1SlЛlсtiопs, wc will kcep [о this daling. L<lycr Ьу lауег, 57 samp]cs wcre. takcn Сгот а!! exposures апd weгc 

processed Ьу slandard lechlJiques Гог palynologicaJ ana]ysis. As а resu1t. 1101 оп]у spores and роJlеп of terтestrial 
plal1ts wcrc recogl1 ized Ьш also spores оГ water fems. опе-се!1 organic-wall зlgае of DiпоПаgеllаta, Chlorop!lyla 
(class Prnsinophyccac), а group of unclcar systcmatics (acnitarchs), fresh-watcr microfossils of 11\с fоmшl gcous 
SC/1izosporis. 

Percerltages оГ terтestrial and mаппе palynomorpl\s werc counted io all spcctra. Witl1in (Ье mаПI1С 

l11icrop!IYlOplanklOn. quаПlitаtivе сопtепts of differcn! groups werc dctcnnil1cd СОГ сасЬ spcclruJl1 and circograms 
were plotled. ТЬсп spcctrJ оГ thc sal11e (урс wcre grouped into associalions whose distribution was followcd оуег 
thc scction. 
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DESСRIIYfЮN О',' ТНЕ SЕСТЮN OF СЕNОМАNIЛN·ТURОNIАN I>EPOSIТS 
ON ТНЕ NIZНN\'Л\'Л АGЛРА I{JVER 

TIIC !I1OSI ППСЕСIII rocks оГ \hC Uppcr Crclaccous оГ I/Ie wcstcm pa.n оГ Ille Yellisei·Khalanga rnegalтough 
outcrop аl Ille ир/>с г reacllcs оГ 'ос Nil.h!lyaya Аgарз Rivcr (Fig. / ). Thc cxplorcd seclion ОГ the Uppcr 
Сепоmалiап-Тuroпiап is rcpresentcd Ьу loosc lerrigenous deposits аЬощ /00 ПI Illick a!ld is char:lClcrized Ьу а 
wide facics divcrsity. А\ IIIC bottom of IIIC composilc Uppcr Crclaceous scclion. Ihc Dolgan Г"QпnаtiО!1 occurs 
(Upper Сепопшпiап). rcprcscnlcd сhiсПу Ьу sandy. cOnlincntal. and clay-silly. bгackish-water uansicnt deposits. 
ЛЬоvс, they аге rcplaccd Ьу m:э.riпе clays of the Doro,.hko,'o Foml:llion (Uppcr Cenomanian-Lowcr ТигопЕап). 

The Upper Crctaccous scctioll is crowrlcd Ьу shallow-marine sands ОГ Illc Nasonov Fопnаliоп (Middlc Тuroпiап). 

whicll are quitc drastically, with а miлiта] tГ'.lЛs i еllt iлtсrvа] , overlap Ihc sea si l \slOПСS and clays of Ihe Dorozhkovo 
Fопnаtiоп. А gСЛСг.l1 tспdcлсу (Qward ал increase. fгom Ьонощ 10 10р. оГ thc vоluшс оГ fiпе·gгаiлеd si lty-clay 
dcposilS in tl1C lowcr al1d сс[щаl parts оГ the соrщюsitс seCtiOIl, accompanicd with 111C appcarnnce оГ wavc leXlures 
Шld rcmains ОГ Iypical sca orgallism~ in Ihe rocks, гсПесlS Ihe sea IгапsgгсssiОlltlJat bcgan iп thc Иррсг ССПОПI:l[\ iап 

Ггот IIIC WCsl 10 tlle атса of cOnlinClltal sеdi mсшаtiоп . 

А compliculc rI1uJtist:.tgc strUClure of сlЩl1пе] sалd deposits (МстЬсг ]) a!\d ils fuirly gгсщ Ihickncss. with 
iпtсгсhаШ1С] dщю:>ilS rn\lюг scarce, suggesl tllal tll1S pol1ion of tllC secliOlI ]1<1(/ fomlcd wilhin а largc пусг syslCr11 
of Ьпшсl1iпg Iурс, cllar:lclcri7..cd Ьу activc lulcral migratiorl ОГ сhаппсls, tl!Cir l11u]tiplc гаisiлgs Ш1d iпсisiопs witllin 
Ihc palcovallcy. TIIC сlШl1псJ sands агс ovcrlain Ьу sапd-siJt-с / ау rocks 1]131 formcd i[\ frcsll-walcr, brnckish-walcr 
(МСI11Ьег 11. bottom). al1d mмinc (МстЬсг 11, IOр) condi \ions. nlis Ullil сап ье considcrcd as cSluarinc deposils, 
Irnnsient 10 таПl1е deposils ОГ:1 shclf systcm. 'ПIС fоmlаliоп of:1 tгалsiепt unil Е:' СОПlIССlсd wilh а gradu:1J changc 
оГ thc gencra] cO[lditiollS of sedilllentutiOIl Ггот cOnlinelltal 10 еSluаriпс sc\tings pal1ially pil1chcd orf thc оре ll sea 
алd charnclcrizcd Ьу accun\U/alion оГ рrcdоmiпалllу fi nc-graincd sedinlCnts. 'п lhi s pan ОГ the scclion, rocks 
accun\Ulalcd undcr perpetual]y dссгсasiпg iпПuспсе ОГ alluvial proccsscs upol1 scdil1lcntation and si ШU]lапеоus 

incrcase ЕП IIIC iпПuспсс оГ sca processcs as trnl1Sgression begins. 
Thc шсmЬсг ОГ ]cptochloritc saлds with lubercular cross l ашiпаtiОl1 (МешЬеrs ПI and IV) ovcrlying, wilh 

юmе cгosion. fi llc-grnincd cSlUarine dcposits is intcrpretcd as uaш.grcss ivе shullow-sca соуег saлds. lЛс $Оигсе 

оГ St."'<Iimenlary malcrial lhat Гoлns thc соуег оГ uansgressive salld was. evidenlly. sal1d Ьана ог sпшl1lгалsgressivе 

Ьзrтiсг islands dC\'c]oped а, thc eSluarine mouth а' the COSI оГ wavc processing ОГ Ihe u/ldcrlying alluvium sedimellls. 
lЛс аЬscги:е оГ truly Ьатсг dcposits (bcach sands of Ihc fгontal pan of tllc barrier tl!ldlor sалd еоliап duncs). with 
I/lе exceptio[1 оГ fi!le Iзусrs ОГ stoml wash cones. among tlJC clays aнd sil ls оГ 111С иррег рзrt оГ the eSluarine 
deposilS suggests dcep erosiOIl оГ urкlerlyil1g scсliшеПIS while Ihe slюге ]ine retrcatcd landward. Such complcte 
сrosiоп of Ьзrтiсг dcposits was рroПЮlсd Ьу а rclalively S Лlаll rale оГ tгалsgгсssiоп а\ which Ihcir СОЛlР]СIС wa.vc 
reworki/lg procecdcd Ihrougll а mechanislII ОГ Ihe rctre.atmcnl оГ the ргс-fгоn tаJ zone ОГ the bcach, with оп]у а 
Ihin bcd of trnnsgrcssivc sands fonncd i/l $illl. 

Paleonlologically, Ihc beginning of SC,I transgrcssion is markcd Ьу а di лосуst.dоmiпutiпg micгophytoplanklOn 
which зрреаrs in c lays (Fig. 2). Масгоf::шпа (1IIocernmidae) appears O!lly in МстЬсг IV . 

TllC fonnatiOIl ог shullow-sc:l tr:lпsgгеssivс sands of marille, prcdominalllly, si lly-c]ay dcposits (МсшЬсг!; 
V-ХШ) reПСС IS Ihc fOГln<1tion of Cjuict conditions of sсdiШСПlаtiоп а! thc ЕППСГ sllclf Wllicll followcd Lrnлsgгеssiоп. 
Thc shallow-sca sat1d (шd si]\ rocks (МсшЬеrs 1lI. ]V, VlП) with thc Ьсщhiс fаtша, complic(}\ing thc Struclurc of 
IJle shcJf co[npJcx, аге oflCn overl3pped Ьу Ь!зсk aod Ьrowпish-gгау IсаГ c]ays wilh sigl1s of руriti7..3.tiоп. wil!IOUI 
biolurbaliorl and mucrofaut1a (Мсrпьсгs У. Х, al\d XI). nlese clay-ricllcsl pans ОГ thc scction usually сопtаiп 
horizons of disl>cгscd phospllOrilc сопсгеliопs iп their рптасу occurrcncc. Ассогdirч;: tO $ОПJс authoгs ! 17], the 
prescnce ОГ рlюsрllOПIС concretiolls amOllg с]ау sills\OlIes Зlld clays ,п \hcse pans оГ Ihc seclion suggcsts low rales 
оГ sedi lllепlаliоп. Givcn CXUClllcly low, if апу, hуdгodулamiс aClivilY ОГ thc mеdiuПJ, s]ow ralcs ОГ ассumulаliоп 
arc favorabIc Гог аласrobiс infeclion. Thesc conditiOlls ОГ sedimcrllation. most likc]y, existcd dunng 111e 
ассumu]аtiол of Icaf clays. wllich сап ьс infcrrcd from pyrilc nodules prcscnt '[I them as wcll as from Ihc аЬscлсс 
оГ ::шу trnccs of Ые aClivilY ог remains of organisms. 

ll1c nonuniforlll charucler of thc struC(urc of the сеnua l рап оГ tlle composilc Uppcr Crelaceous SCCtiOII. 
caused Ьу thc аррсаг.lllсе of шсmЬсгs ОГ leptocll]oritic saoos and sills among sillY clays а\ ютс strnligr.lphic ]еус/ 
оГ the Dorozhkovo Fопnаtiоп (Mcmbcrs VIII, Х. зпd ХЩ, imply шu ltiрl с pcriodical changcs of sedimещаtiОI\ 
condilions in СОllllССйОП with shol1-pcriod $са 'еуеl ПUСluаtiОllS andlor variatiolls ЕП Ihc аШОUll1 of sedimell\s 
brough\ 10 thc basirl. Thc spccific Slructurc of mcmbers оГ /cploch]oritic sалds and sillstoncs (distincl solc nlld 
roof, inncr surfaccs of CroSiOII, rlumcrous horizolls of redcposilcd phosphoritc Ilooules. increascd СОПlслl ОС hc,lvy 
mineг.lls, iпс]udiпg aUlhigclJic ones, conrlcclcd wilh thcir conce[lIr:ttio[\ 31 the cost ОГ scdinrcnt rcwashing) impJies 
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Fig. 1. Schematic lithofacies dismсшЬегiпg апd iпtегргсtаt i OlI of tllC СепоmапiЮI-Turoniall deposits of 
tlle Nizllllyaya Лgара basill. Dcposits: 1а - alluvial, largel)' sandy, of active cha.nncls, lb - suпdу­

clayey-silty fillings of illзсtivе challllcls alld intcrchannel a reas, 1 - silty-clayey estuarine, 3 - tidal 
delt:ls of tllc rear part of the Ьаггiсг-islапd sуstеш ; 4 - fЮI-ГШ systemj 5 - s tогш fansj 6 -
shallow-sea transgressi ... e sunds; 7 - clayey siJts and clays of inner shclfj 8 - shallow-sca beacll sa ndsj 
9 - ratller shallow-\\'utcr sil tstoncs of distal beach j 10 - marille erosion suгfзсesj 11 - transgressi ... e 
erosion surfaces; 12- пшпЬеrs of exposureSj 13 - sed iшспtaгу 5ettingsj 14 - геmзiпs of cllarred 
wood; 15 - bioclastics; 16 - пшсгоfаuпа ; 17 - pllOsphate concretions (а) апд nodules (Ь); /8-
пшd-еаtеГSj 19 - lugwormsj 20 - finc cross lашiпаtiоп of asce,ldi,lg current rippJej 11 - coarse 
cross luшiпаtiоn of trough kind; 22 - concrctions: а - calca reous, h - sideritic; 13 - leptochlorite. 
Horizontal scale is arbitrary_ Symbols оп granulometric rule: CI - claYj S - siltj SG -small -grailloo , 
MG - шcdiuш-gа-.liпe<t sапd . 
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Ihal IIJCY wcre аССUПlulаtсd dUrillg the periods of lowCrillg оС Ihe reJalive sea Icvel. аССОn1РШ1iсd wilh Ille 
dcveloplllcl1t оС forccd regrcssion [18]. 

ObIiqucly and IlOrizontally laycrcd shallow-sca sапd5 оС thc Nasol1Qv l~onl1alion (Mcmbcrs XlУ al1d ХУ). 
crowning IIIC sllldied Uppcr Cгetaccous scclion. corтcspond 10 а new largc stcp оС s JlOгс-liпс progr.Jding that bcgan 
in thc Upper Тuroпiап. Thc Ьсgiппiпg ОГ regressiоп 5еешсd (о ьс соппссtеd witll iпсгеаscd supply ОГ allochlhonous 
scdiтСПIЩУ ПЩlсriаl (roт land 10 the Ьasiп. which was ассоmрапiсd Ьу thc dcycloplllcnl ог tre lld (salld) Ш1d 
сheпiег (сhiеПу. si llY) scaside p]ains in Ihc iПlсrdе]IЗ pans оГ Ihc shoreli llc . Рrocсссliп!; fгorn Ihe specific strocture 
оС shallow-sca s:шds .lIId thcir роsitiоп in Ihe scction. they are iпtеrpгсted as dcposil~ оГ Ьаг bcachcs. dcycloped 
31 thc frolll ОГ IIIC progrndi llg wave dc]la. 

DISТRШUТION OF МIСRОРНУТОРI~ЛNКТОN 

Лs shоwп аЬоус. tllc wllOle scclioll сощaiпs rather diversc associatiопs ОГ lIIicropllytoplallklon. А delailed 
lit-by-lit апаlуsis оГ laxorlOl1Iic cOlnposilion Ш1d qU3l1lilщiуе rntios ОГ diпосуst.s rщd ollle r groups of vegetation 
rnicrofossils Ilas rcvcalcd cCr1ai n regu larities of thcir dislribution dCpelld ii\g 011 facics (Fig. З). 

Tlle рзlУl10[\)огрl15 Сгот cOnlinelltal dcposits ОГ МстЬсг 1 аге dorninaled Ьу spores and раllеп ОС tcrrestrial 
рlаПIS , willl 3 ргсdО1llil}Ш1СС ОГ ПIoss Spores (Slereisporites 5РР.) Шld роllСII Taxodi(lceaepollellires hiatus (POt.) 
КГСПIр; pcrsistcnt огg:шiSIl1S аге; Cymllidiles spp., Rumilшtisроrirеs delicallls 5trcp .. РQrШllinisроris asyllrmetricus 
(Cooks С! Ос".) Осн .. !J(lculatisporiles соmаumещis (Cook~.) Pot .. L<>/юr;(j ;mюlllсratа (Сhlоп .) Chlol1 .. 
Lycop()(lirlmspo/"ites /I1(//"8;1I(lIIIS 5iпgh. L cerтri;dites (R05S) Oclc. с! Spru nl .. FOl'cospo/"ites cellomlmiClIs (Chloll .) 
Schyclz .. Кlllkisporitcs Sp .. Леquitriradilеs verrncosus Cooks. СI Dctt .. Л. sрilщfоsis Cooks. еl Ос" .. RouUtisporites 
5р., зпd R. rcriclllatus Рос. Tllc composilion оГ gymnospeml раНсl, is IIСаг]у II\(: S,tnle оуег Ihe scction. The ma.iп 
соmрсщспts зге: Cer(/ipites parvisaccatus (Sauer) СЫоп .. Sequoiapo!le/lires creraceus (CiIIOII.) Chlon., Giflkgoc)'­
cadop//)'tlls lIitidllS (Balmc) de 1згs .. Pin//spollc//ires sp., Vitreisporites. IIпd P/l)'llocladidires. The allgiospenn раНеп 
i5 repгesc lltcd Ьу Tricolf,ites Spp., Retirricofpiles spp., wilh Polyporites clants N. Mlchcd зррезтiпg а[ the yery 
(ор [\З]. $111 ... 11 al1l0u l11S of sparcs ОГ watcr fems, Scblt.Osporis, алd pгasinop tl ytcs (uiosplraeridia) occur; dinocysts 
calcgorized РХ: (in Iсnn iтюlоgу Ьу Evitt Р9П. possibIy. fresh-watcr fопns, оссиг sparadically. 

АI Ihc гооГ of МстЬсг 1I occurs Ihe IIssociation оГ sca microfossils. which is dOl11inllted Ьу dinocysts ( 14 
5pccics). wilh а 11igll pcrcelllagc оС fresh-water phYloplanklon (6%) аnd acrilarchs (VегуJшсllium. Leiofllsa - 7%); 
111C dinocysts агс dominatcd Ьу Geiselodinium cenomallic//m L.eb. (Fig. 4). 

In s3\Jdy Mernbcrs Ш alld 'У. [/\С microphytop/anklOn becollles moге divcrse. 311d Ihc аmОUПI of fгesh-walcr 
сотропеПI dccrell5es. Along wilh othcгs. ап inleresling group, Paralec(llliella. appc;m;. which fiГSI was a[tributed 
[о Vol\'ocopllyccae. thcn 10 dinocysts [20]. зпd now. 10 3 group оГ ullclcar systCmaliC5 [2IJ. The dinocysts are 
dorninatcd Ьу CblOlloviella agapica Leb. 

МетЬег У, wllcre t11acrobiota i5 abscl1l Ш1d :UlOxic cOlldilions атс 5upposed 10 cxisl. alld МСIllЬсг VI, which 
сопtаiпs quilc а divcrsc benlhic fauna. share ап assеmЫзgе where <linocysI!> cOnli l\uc to dorninate, and Ihc 
COl\lribuliol\ of PterospernlcJla increases (up 10 9%). The dinocysl spccies I\UII\ber 19 10 22 and only iп 5р. 13 
dccrease510 16. Tllcir cornposilion is dоmiпаlеd Ьу Gеisе/odiпium сеIlОlllаlli(.·ШII. CJr/amydopllOrella lIyei Cook. 
с! Eis .. апd I'С"'оsрlшеridiUIII trlmсти/II (Оау.) Below. 

Т!IC assernbIagc from Ille оvсгlуiпg clay тетЬсг (УН, 5р. 29) 1.5 rn iп appaГCI\! Illickness is dislingui!;hcd 
Ьу Ihc lIIaximUIII tахОПО11liсаl diyersi ty of dillОСУЩ (32 specics). 1I аЬоuпds ill Circu/odillium spp., Ceise/odilliufI! 
cellOlllallicum, СЫаlll)'dорlшrеllа II)'ei. CJ/lolloviella agapica, Odolllac1!itillQ ореrСII/ща (О. Welz.) ОСП. еl Cook., 
PhYfJtocor)'J ve/igera (ОСП .) Lcj .-Сшр. е! $arj .. апd XenQScus b/aslema фау.) $IOY. СI H<llby. ОГ Ihc olher groups 
ОГ rnicropla!lklon. />tcrospcn"clfa is рredоmiПШ1t. Quite рroЬаЫу. Ihis b<:d i5 а сопdСlIscd hоrizоп and гсПесlS thc 
maXimUtl1 ОГ Ille Ll.lc Сепоmаlliаil Irnl1sgressioll. 

АЬоус lie!> а I11стЬег оГ lcptochloritic sзnds (VШ ) wilh phosph3tic "'Id sidcrilc пodulcs, traccs оГ lugwonns 
($koliIIIOS. PIJiol11orpha) зпd IlIoccr;llllidae fauna. 11\ the asscmbIagc of microрllytорlзпktоп. lhe алlОUПI of 
Para/~clllliella reaches 25%. TI10Ugh dinocY5ts 51ill dOl11inate. tlleiг COIIICIII апd taxollOlJI ic diveгsilY reduce 10 
13--19 spccics. wtlh OdolНOChitifla operc/l/ara and ChlOl!Oviella agapica playillg 3 Iсзdiпg го]е. 

In the asscrnbJagc оС c lay siltstones ОГ МсшЬеrs LX-XI. Ihc pcrcentage оГ dinocysts somewhat decreases. 
l1ie зтоuпt ОС Ptcrospenllella i ncгeases 10 ]4%, acrilarch5. to 15%. IIlId С}'mеtiоsрJщсrо. 10 5%. The dinocysts 
of Mcmbcrs I.X- X are dornin31ed Ьу Cblol!Olliella agapica and Trirllyrodilliul1I susp<fctum (Мап. СI Cook.) Оау. 
111 МеmЬсг Х. wl\Crc thc laxonomic di versilY of dinocysls iпсгease.s. Spilli/eriteJ rШl!ОSllS also !х:соПIС ПIоге 
abUtldanl. 111 МсшЬсг XI. which i5 associated with scttiпgs of p:mial slaglJ3lion. the specics di versi ly ОС dinocysls 
diшiпishcs agaill (10-16 spccies). Thc compasilion ОГ dinocysts is dошiпаlеd Ьу СЫа/ll)"dорlюrеllа n)'ei. while 
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I/1С :J.mourHS of I'rillryrotlilrillm sщресtllllf and Cblo!lo~'ella agapica bt:cornc Icss. Суmariosрlшеm Шld Verylrac/rirmr 
arc missiпg. 

'П sp. 40 Ггот ICplochloritic sands (МстЬег ХП) IIIC corllcllt ОГ РrсгоsреПlrеllа is kcpl tllC same. 
Paralecalliella incrcascs 10 22%, Ihc spccics divcrsity оГ dinocysls is COJ1SblcrabIy гc(!uccd (10 11 spceics). 

'П thc ovcrlyillg ПJСПJьсг of elay si lшопеs (ХШ) Ihc stгuelUrc оГ thc miеroрhУlорlапktoп aSSCl11bJagc is 
s il11i1ar 10 th3\ 111 МстЬег Х. 111 sand МстЬег XlУ Ihc аПЮUПI of Para{ecmriclla iпсгсзsсs agairl (up 10 13%). 
111с divcrSllY ОГ di rlocysIs is rathc r grcat (22 spccics). willl Cblamydop/rorelJa /J)'ei. Clllolloviefla agapica, аnd 
Еllгitlil1iШll sllXo"iellse Marscll. СI B3\I. being prcdominant. 

In Ihc assembIage Ггот sp. 27 (JI.1cmber ХУ). а deerease is rceordt:d 111 tllc percentagc оГ marine microphy~ 
10planklOII in I/IC spore-pollcn spccLгum and in thc specics dlvcrsily of dinocysls (1 1 specics). Only Cblamydo­
p//Orella lIyei a!\d TricJ/yrodinillm sщреСlШl1 агс fairl y abundant. Again, spores ОГ watcr fcms аррсаг. 

'П геССПI limc, а greal dcal ОГ data havc Ьееп pubIished оп Ihe distribUlion ОГ dirJOcysls alld othcr шiсгорhу­
IOplank\Oll il1 sceliOl1 \\/illl traccs оГ ОАЕ2. 

[lIlhc СсrЮJ11злiаl1 -l'uгоrliап СШЬОl1аtс dCfXlSils оГ DoУСГ. Engla!\d, isolopc апа]уSis rccords ал occanic алохiс 
сvспl 122J. Д possibIc С'Ш$С for il Is increascd upwc[]ing. Iсаdiпg 10 а widc QCeurтcrlce of Ihc 1.OIIC оГ oxygcn 
miпimuш. PrasirlOp]lytcs havc ПОI Ьсеп rccorded in Ihesc deposi ls. As tO dinocysts, 111CY nre abscHI froll1lhc iщсrvаl 
согreSJXJПdiпg 10 tllc 3IJOxic еуеп! з.пd tllСП гез.рреаf пеагlу iп the samc соmроsiliоп as II\Cy wcrc ЬеСоге IIIC 7.OIle 
of oxygcl1 ll1iн i rпurl1 . Grcat з-Ьuпdз.псс ОС КаIlО.fрJшегidil/J/r is а[50 lypicn[ оС tl1is г.шgс . дl Ihc cxp]orcd section 
оп IIIC Nizhllуз.уа Agapa I~ivcr thi5 gcnus of diПОСУSlS is ПОI з.ЬUl1darll апd is sprcad cvcllly. 

Thc сошрlсхсs ОГ ССПОl11апi'1r1-Тuroпiз.п dinocysts separalcd fгor!1 Ыtur111ПОUS mar]s ОГ Nonhem Euгope 
(Lower SaxorlY Ьаsiп, Gcrl11any. and ЕastСПI Eng[and) diffcr in cornposilion аССОrdiпg 10 ]ithofac ics 123J. Thc 
authoгs havc rceogni1.cd !wo main asscmbJages ОГ diпосуsts. Thc firsl опе , Spil1ijt!rites asscl11bIage, is cQ!lfi llCd 10 
chalk алd шarls that fomlcd in орен sea scllings. I1 has al50 becrl found in organic-cnrichcd шаг]s, wllere 311 
oxygen zOl1e is supposed 10 гest ироп ан oxygcn-deplclcd zone iпlhс s LГ.ttificd walcr colu!l1l1. Thc Cyclollep/relirmr­
Ellridim'lIm asscmbJagc is usually found 1/1 specirnens rich in amoгphous organic m:шег. In Ihe aUlhors' opinion, 
Ih;s indicates Ihc eo!\diliolls with а ]ow COllle ll1 оГ oxygCI1, wl!ich is supposedly I/1С CaSC ОГ Ihc formation оГ а 
slagnalion basin withirl which по watcr circulation occurrcd [23J. А sirnilar regularity in disuibuliOJI оГ dinocysls 
hзs Ьееп rccoglli7A:d ill IIIC Lowcr Тuroпiал ЫlUшiпous elay таг] .., and шагl limcslOncs оп Ihc islалd of Hclgoland 
(southcm Nonh Sca) 124J. 

Accordi!\g 10 Nаidiп еl а]. 15], in basins оГ Ihe Еuroреап pa]eogeograpJlica] гegion. stagnation encompasscd 
lосаl silc", of IIIC ЬоllОl11 and was "s]iding" Ггот р[асе 10 place. Thc dinocyst сошрlехеs Ггот open-sea SCll iпgs 
are fairly dl vcrsc. willl Ihc choratc moгphotype оГ Gonyau]ax Гот1'" (Ac/lomos!J/raera. ExocJrosplraeridium, 
Fforemil/ia. Spi"ijeriles, Prerotlillium. ctc.). Such complcxes hзvе Ьесп dcscribcd Ггот the Сс/юпшпiаl1-ТUГОl1iап 
dcposiL~ ог Soulhcm Englalld, Fгалсс, and Germany [24. 25). 

А dClailed paly!\ological а lшlуsi s of Сспоmапiап-Тuгопi.1П carbQllaecous slatcs alld шаrls of Ihe wCSlcm 
inlerior of 111C U$A Iшs dCnlOlIstrillcd Ihat Ihe гeduccd divcrsilY оГ dinocysts is bearil1g оп ШС progr.tding slюгс l iпе. 

that diПОСУSIS are rпоst аЬuпdШ1t in Ihc [ower pan оГ the transgrcssivc cyclc ral]lcr Ihall а! thc mзхimum 
Iral1sgгcssion. and 1!IЩ I]1С Spi/!ijerires/CycJonepJre/illm ratio incrcascs оГГ the shore and duril1g traпsgгеssiоп [261_ 

Comparison shows tlJal tlle data 011 IIJC d istributiOI1 of огgапic-wаJt miсгорhу lорlапktоп аге ratJJCr diverse, 
which is possibJy duc 10 thc 'уре оГ IIIC seClions uпdеr study апd 10 diffcrcnt cOl1ditiollS ullder Wl1ic l1 they forrned. 
Worthy оГ rюtс is thш cco[ogical[y tllC diпоПаgс ! ! а tеs are quite divcrsc. TllCy comprisc aulolrophs und 11CtcrotropllS, 
bel1t]lle Шld plal1klo l1ie forms. with Ihc lattcr сsseПlinllу dоmiпаt;пg. Thi s possibly accounts Гог the variations iп 
tахОIЮl11i с compositiol1 оС dinocysts and abundances of sоше specics. nle oxygcn dcfi cic l1cy iп tlle ьонош watcrs 
scems 10 аГГсеl I1IOSI ОГ al] aUlOtгophic and bcnlhic Готl .., of diпоПзgс ! [ ;нсs. NcvcrtllC]CSS, thc change in 
physicochcmical cOllditiolls during s tаgпаliоп should affeel thc wholc Slruclurc ОГ a]gal Пог.t . 

DISСUSSЮN 

Typica! of carbonaCCouS facics, tlle altematlOn ОГ алохiс апd lюrmа]-scа setliпgs is also wc[l-cxpressed in 
Ihc Uppcr ССlюmапiаl1 dcposits ОГ the Nil.hпуауа Agapa basin. 111 pan.icular, 111C sI1aJlow-sca. s;шd госЬ (Mcmbers 
'У arld VШ) with berll11ie fauna gradc upscction inlO bIack and brownish-gray IсаГ e lays wilh s igпs оГ pyriti7.atiOlI, 
wilhощ ш(\сгоfаuпа, гсПесtiпg stagnalion scttings (МешЬеrs У, IX, 300 XI). ТМ faifly h0l1юgС 1100US composition 
ОГ IсаГ c lays, with по s ill·salldy sediments wjth wavy lexlures in 111ell1, suggcsIs 111Cir aceur11ulation i!\ relatively 
dccp-watcr (below thc Slorm wavc Ьзsi s) pans оГ sca basin undcr cOl1dilions оГ ЬасkgroШld scdiшспtаtiоп . Thc 
presencc оГ рlюsрhorilС пodи]сs ашопg ctay sitstol1es and c]ays il1 Ihe рап ОГ 111C scction is indicative оГ low rati:S 
оГ sсdimспtзti ОIl 1171, which al50 favorcd Ihc dеvеtорmСПI оГ anoxic cOlldilions. до incrca.'iC in hydrodynamic 
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aCLivilY, rclalcd 10 grаduз l shа llоwпсss as а resull ог гegrcssion, andlor ch.mgc iп wave cli mate (ап increase irl 
quami lalive paramCICrs оГ \vavcs, fгequcl1cy and iПlсrlsilУ оГ storms) which causcd Ш\ imргоvсrпСПI in асгаliоп of 
Ьоноm w;!tcrs (.11 IIIC COSI оГ \vavc mixing of Ille watcr ео]uП1П ) led 111Сl1 10 111C aecUll1u lation оГ typieally таппе 
5al1d-5ilty ~diтсПlS with (Г<1СС.., о]' bioturbation, wilh Lhc псkюпiс апd berlt lri e faun<1s (Mcmbers У1 алd VШ). 
Rcpealcd dсvсl0РП1СПI of anoxie conditions in 111e hзsiп cou]d ьс cOllncct(:d with its relalive dссрспiпg, in 
СОl1l1ссtiоп \vil!r Ihe Ьсgiппiпg оС а I\CW рlшsе of Iral1sgrcssion. Шld W;tS cau.$ed Ьу c!imalic cl\angcs. iп panicular, 
with а gellcral wcakcnillg о]' 111C hydrodYl1amic aClivity of lhe шсdiuт. cau5ed Ьу а c!tallgc il1 IЬС wavc regime. 

Dcspitc Ihc abscrlCC of geochemical data. опе сап supposc that humic mattcr dошiпаtсd оусг sapгopel in 
accunHrl"tc(! огg,шiсs . Thc cvidcnce соте,; Сгот аhuпdаш lerreSlrial vegetaliol1 Ihat covcгed (Ьс lапd subsequclllly 
оvегПоodсd witlr sca. w!юsс traces remaincd iп IIIC alluvia] dcposits (dispersed plallt dctri\lls. wood, аПJЬсг). ТЬе 
subSC(juerll (стоуаl of Icrreslrial vcgelation m,шеr WЗS al50 сопsidеrаЫс. \vl\iclr is infcrrcd Сгот thc prcdominartce 
of spores ;tпd ро1lсп ovcr mшiпс microphYlOfossi!s. (Ье prcsence оГ frcsl1-watcr a]gac. spores ОГ wшсг fems (sec 
l~i g. 3), Шld iJ1c]usions оГ coa!ified dctritus iп sedimeтtLs artd сопсгсtiОJ1S. 

Тhe dala 011 (}шсгоfаuпа alld algal Поrз from Ihc Upper Сеl10шапiзп-Lowег Тuroпiаl1 dcposils оп \lle 
Nizhпуауа Agapa River аге iпdiеаlivс оС а fair!y warm c]in1<lIC. First, сошраrisoп о]' dinocyst cornplcxes Сгот 
Ihese scdi111crtts s!юws thc greatesl similшitу wit!1 соеУа! СО111р!ехс.., ОГ Wesl Europe. Sccond, thc composilion of 
dinocysls is dramatically d0111inated Ьу Gonyau lax forms. tJюugh t]ley arc Icss abundant thcre (Ьan iп Tethian 
scсliопs. Third, Iheгe i5 а gгeat diversity ОГ species апd genera. AII пюгрhOlУРСS оС dil10CYSIS аге ргеsеПL there il1 
cq ual pгoponions [131. This 1'" аll iп аgreсП1СП\ wilh paleol1tologica] data indicaling а fairly wam1 climate in 
11OJ1hcm Siberia; '1lris is опе оС (Ье Ievels оГ il1vasion оГ warm-Ioving fomls о!" macrofossils (апшюпitеs. biva!vcs) 
[10. 11]. 

Ап imponanl biologica! еvеПI оГ thc Latc Crctaceous epoch was а draslic irlcreast il1 taxon0111ic divcrsilY 
апd biological productivily of phyto- and zоор]зпktоп, the. planklOn "!:юот " [4. 51. which a]so рlзусd ал iтроnзпt 
го]е iп thc fопnаtiоn ог сarboпасеоus facies. ]11 {Ье Tethian basins 11 was cxprcssed il1 the. widcSL dcve]opmcnt ОГ 
calcareous паппорlалklОП (соссо]jlhорlюridеs) :шd. 10 а less eXlcnt, оГ zooplanktorr (foraminifers). which induced 
111C accumulation оГ l!1ick planktonic carbQnalc scdimспts. 'П the Borea] basil1S, wl1cгe Icrrigenous and siliceous 
sedirnentalion was predomil1ant. (Ьс core of рhуlорlзпklОП соштuпitiеs was made up of diatomaccous and 
organic-wal] aJgac ~ dir1ОПаgеllзtеs, with Ilreir fossi!s represenled Ьу thcir cyS!S - dinocY5ls. 

The facies сlшпgе irl the sectiozr of Сепошапiаn-Тuгопiап dcposits оп the Niz]щуауа Agapa Rivcr i5 
accompanied Ьу а сl1апgе in ше structurc апd compositio(} о]' microphytopJanklOn assembJages. tJюugl1 it is ПО1 
always clear which factors аге crucial iп опс casc ог аПOlhсг. Thus. quantitativc гсlаtiопstriрs оГ vшiоus groups 
оГ рlапt microfossi]s Ггот clay МетЬег!; У. IX-XI, arrd ХПI аге УС!)' C105C. and thc Iзхопоmiс composilion and 
pcrcenlagc ОГ dinocysls differ ус!)' Пluclr. Of greal inleresl is thc rccurrent increase il1 Рагаlесшziеllа :1.лd rcduced 
specics diversilY in ICPlocl110rile sands. TI1C cl<lY dcposits ате characterized Ьу ап increascd сопtепl in 
Pterospennella. accompanied with ап incrcased cOnlcnt ОГ MicJzrys/ridillll! in tllc Тuгопiап pan. The laxonomic 
divcrsilY оГ dinocysls уапез wilhiл narтow ]jшits. Sl11a]]er numbers оГ spccies werc rccordcd in с]ау Menrbcrs V 
апd lX. where anoxic сопdit iопs аге supposed 10 exisl, and in тСI11Ьегs ог ]eptOChloritic sands (Ш, rv. VШ. and 
ХII) . Т!IС regression stagc also сошсs 10 эп end with ШС dinocysts less diverse. 

TI1c rccorded microphYloplanklon геlаliопs 10 anoxic evcllts suggest vшiоus сопdiliопs uпdег which "bIack 
shales" fOfl11cd. It i5 likely that anoxic conditiOlls theПlscJves ltad по direcl сfl"сс! оп 111e p]anktOnic organisms. 
Ralher. the р]алklОI1 was эffесtеd Ьу Ihe faclOГS (Ьа! led 10 Illese сопditiОП5 (e.g., water slratificalion Ьу salinilY, 
dellsity. (cmperature, etc .. upwelling, and olhcr causes) ог Ьу Ihe resulting factors (e.g .. enrichmcnt оГ Ьо((оm 
watcrs in оrgэпiс тансг). '! is evident Ihat the degree шrd duratiol1 о!" аrюхiс cvCnlS werc differcnt IЛ scparate 
dislricls, al1d this also had ап effect оп (Ье COI11POSiliol1 of р!rУlорlалklOП asscmbIages. 

Wc tlrзпk У.А. Zakhaгov, B.L. Nik.itcnko, апd У.Р. Dcvyalov Гог va]uabIe advice. 
ТЫ.., work W;L~ supported Ьу graпts 00-05-65202, 00-05-65405 Сгот !Ьс Russiал Foundatiol1 for Basic 

Rescarch апd Ьу grant 2(ЮQ.9.8 fгош {Ье Мiпist!)' [ог Educatiol1 о]' the Russian Federa!ion 111 thc Field ог Nюuгз] 
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