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Abstract A compiled selected literature on some groups of microfossils of the Mesozoic and Cenozoic of the James Ross
Basin, eastern Antarctic Peninsula, is presented here, in order to show how the microbiota has been modified over time, triggered
by environmental changes. The analyzed microfossils consist of palynomorphs (mostly pollen grains, spores, and dinoflagellate
cysts), foraminifers and bryozoans. Dinoflagellate cysts and pollen-spores have been recorded in Jurassic to Pleistocene
sedimentary outcrops. Dinoflagellate cysts proved to be good indicators for productivity and/or nutrient availability, surface
water temperature and chemistry, the position of ancient shorelines and paleoceanographic trends. Pollen and spores allowed
reconstruction of floral community and thus characterization of the climate that prevailed on the continent. Foraminifera,
recovered from the Lower Cretaceous to the Pleistocene sedimentary rocks, provided information about the bathymetry, showing
different marine settings (e.g., coastal, inner neritic, outer neritic, upper bathyal) in different localities. The bryozoan record is
restricted to the Cenozoic. Their colonial growth-forms reflect several environmental conditions such as shallow waters with a low
rate of sedimentation, hard substrate and moderate or strong current action for the analyzed localities. The study of the Antarctic
ecosystems based on the fossil microbiota and their response to the climate and the continental configuration changes, allowed
understanding of the composition and dynamics of the polar environments, which have an important role in the Earth climate.
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1 Introduction biostratigraphy, for the study of ancient palacoenvironments
and also for paleoceanographic reconstruction. They can be
recovered in large numbers of specimens and diversity from
several sedimentary rocks, both marine and continental.
Microbiota recovered from Antarctic sediments
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Organic and inorganic-walled microfossils are valuable for
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from the Mesozoic to Neogene times, along with
macrofossils, sedimentological and isotopic data.

In particular, the organic-walled microfossils known as
palynomorphs (mostly pollen grains, spores, and
dinoflagellate cysts), and the microfossils of inorganic
composition, such as foraminifers and bryozoans, found in
isolated exposures located in ice-free areas of James Ross
Basin, Antarctic Peninsula, helps us to recognize the
sedimentary ~ successions, and  understand  their
characteristics and genesis. In this sense, contributions on
palynology and micropaleontology supported by good
descriptions, illustrations, robust taxonomy, and precise
provenance are essential to expand the knowledge of the
Southern Hemisphere earth history.

In the last 140 Ma, the Antarctic Peninsula region
underwent environmental changes during the final breakup
of Gondwana, until its final isolation and location in the
South Polar Region. This was accompanied by changes
recorded not only in the marine microbiota but also in
continental communities. In this respect, dinoflagellate
cysts are especially useful in describing the dynamics of
Mesozoic and Cenozoic oceans because they are sensitive
to water temperature, salinity, depth, productivity and/or
nutrient availability at the water surface, so they are also
valuable as paleoenvironmental indicators. The same
applies to planktonic foraminifera while benthic
foraminifera depend on light, the substrate (hard or soft),
nutrients and oxygen availability, temperature and salinity.
Bryozoans are tightly controlled by substrate, and also by
hydrodynamics and sedimentation rate. In contrast, pollen
and spores allow reconstruction of coeval vegetation and
prevailing climatic conditions in continental areas where
parental plants originate. Since each group of microfossils
indicates particular environmental parameters, each of them
provides different information, and the combination of them
all, allow good reconstructions of the past environments.

Therefore, the aim of this contribution is to compile
published literature about some microfossil groups
(Tables 1-3) to understand how microbiota changed over
time, triggered by environmental changes that took place
during Mesozoic and Cenozoic times in the James Ross
Basin. The selected literature emphasizes those taxa that
indicate particular palaeoenvironmental parameters, e.g.,
bathymetry, substrate, nutrient levels, oxygenation,figu
temperature and salinity of waters, or even positions of
ancient shorelines and paleoclimate, among other factors.

2  Geological setting

The James Ross Basin (Figure la) constitutes one of the
most important back-arc basins located in the northeastern
sector of the Antarctic Peninsula, between the 63°30' S and
65° S, and 57° W and 58° W (del Valle et al., 1992;
Hathway, 2000). It includes more than 6000 m of marine
sediments deposited in two complete transgressive-
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regressive marine cycles from Jurassic to Eocene (Marenssi
et al., 2012). These sediments are overlain by diamictites
and alkaline volcanic rocks from James Ross Island
Volcanic Group, JRIVG (Nelson, 1975).

Mesozoic sediments include the Jurassic Ameghino
Formation (Fm.), also known as Nordenskjold Fm. in
English literature (?Oxfordian—Berriasian). This formation
is the oldest sedimentary unit within the James Ross Island
area and crops out at a number of isolated localities on the
eastern coast of the Antarctic Peninsula (Whitham and
Doyle 1989). On James Ross Island, the Ameghino Fm.
(Figure 1b) occurs as small clasts and as large, isolated,
allochthonous glide-blocks enclosed within the Cretaceous
Gustav Group (Snape, 1992).

The Cretaceous marine sediments are included in the
Gustav and Marambio groups (Figures 1a, 1b). The Gustav
Group (Aptian to Coniacian) which is up to 2100 m thick
comprises the Lagrelius Point, Kotick Point, Whisky Bay
and Hidden Lake Fms. It is composed of conglomerates,
sandstones, claystones and shales interpreted as deep
marine environments (Ineson et al., 1986). The Marambio
Group (Santonian—Danian) is represented by Santa Marta,
Rabot, Snow Hill Island, Haslum Crags Sandstones, Lopez
de Bertodano and Sobral Fms. This group is 3000 m thick
and consists of fine-grained highly fossiliferous sandstones
and claystones, subordinated conglomerates, and bioclastic
shell beds, deposited in a middle shelf to offshore and inner
shelf environments (Rinaldi et al., 1978; Olivero et al., 1986;
Crame et al., 1991; Pirrie et al., 1997a; Olivero, 2012;
Roberts et al., 2014).

The Cenozoic Seymour Island Group (Late
Paleocene—?0ligocene) comprises the Cross Valley—Wiman
Fm. (Middle to earliest Late Paleocene, Montes et al., 2013),
La Meseta Fm. (Late Paleocene to early Middle Eocene,
Rinaldi et al., 1978; Marenssi et al., 1998) and the
Submeseta Fm. (Middle Eocene to Early Oligocene, Montes
et al., 2013). The sediments of this group represent the final
filling stage of the James Ross Basin and they were
deposited in incised valleys on an emergent marine platform
(Marenssi et al., 1998).

For the La Meseta Fm., Sadler (1988) recognized
7 major lithofacies which he named Telm 1-Telm 7,
whereas Marenssi et al. (1998) proposed 6 erosionally-
based units (allomembers) namely: Valle de las Focas
(equivalent to Telm 1), Acantilados I and II (equivalent to
Telm 2 and Telm 3 in part), Campamento (equivalent to
Telm 3 in part and Telm 4), and Cucullaea 1 and II
(equivalent to Telm 5 and Telm 6 in part). The uppermost
Eocene/?0Oligocene sediments previously considered as the
upper unit of the La Meseta Fm. by Sadler (1988) and
others, were named Submeseta allomember by Marenssi et
al. (1998), and more recently it was defined as a new
formation, the Submeseta Formation (Montes et al., 2013).
It was divided into three allomembers denominated
Submeseta I or Laminado (Telm 6 in part and Telm 7 in



167

Mesozoic and Cenozoic microfossils from Antarctic Peninsula

(8107) 1210 Aurep “asearoul sudwidads 'S1SAD Q1R[[9SR[JOUIP QUIV0IB[RJ 0} SNOIIBIAI) AJeT PayyIomay ‘1ied jey)
($107) eI SL[SNO  QUD0L[RJ 0] UBIUWLIDJ PINIOMII J[Iym ‘9sea103p sydiowoukfed ur pap10931 sydiowouAed Ajuo ay a1e pue uondesdn asearour ypoq “ds
(L661)UDSY {(4661)  [BLISALID) ‘UONISURI) QUID0TI[()/QUII05 Y} 10Joq A[JeIpawwl|  pipLiabydsola ] yareioe oy pue “dds wmipriobydsojadiuy dyefjaSejourp S| Inowkas (8861 I19[peS
Surpry pue saureg (z661) ‘(3q1yD pue eunuadiy) eruoSeied ur Aepoy punoj s)sa10j odAy ay ], ‘Wed 1addn oy ur Juasqe a1k Inq UONIIS AY) JO ISOW JNOYSNOIY} Jo £ W], 0} Iud[eAInbad U003 1518 ]
AYIR[D PUB BZZOJ0D)  -UBIAIP[BA O} Je[IUiS S19J1u0d (“dds sanpid.moopog) deddediedopod  Iuasaid aie asuaop.inuwonu wniuipiuids pue wnolpauudsy wnuip3auas €107 “[e 10 SO 1dje)
(1661) Te10 UDSY QWOS YIM JY1230) UOIIIS ISOULIdMO] Y} UI UOIRIITA ) DAnLI2AD /| DPUNIO. DIAOYIUUYZZO,| Se SITe[quIdsSE J1wdpud  Jsousdddn “wiy eISIWQNG
{(8861) MBH pue UURIA\  pajeuIwop (Yd92q uIdyinos sndpfoiyjoN jo) “dds sanpidnfoyion d1IRIUY ) JO SISAD e[[aSejoulp dudoy [ed1dA) Jo s1aquinu [jews

‘ST INOWARS

"K[oAndadsar “0uad031]() 1sa1Ied pue Azeyq ay) ur seaddesip (OUOISIO—UR00N[ )

saroads y30q ‘uonIsueI) UAI0SI[()/AUD05 AU} JO ONISLIIOLIBYD AIE YoIym iy uonisuer)
(9007) ‘T8 10 AueAT uonewLIOJuI ON WNIDUIISIP WNIUIPLQ2]] Y PUR Dj1ISOA101p PISAO0pDaULF JTWAPUD JIIIRIUY 23S [19PPAL AU} AU AUd003110
; : 3Y} JO saduBpUNqE MO[ UM JoY1a30) unsourdsoqo] wmnipLiaido.ny) sa1ads /U207

Qe nq ‘W elesawqng

1549 ore[[oSejourp oued03Ij() Ay} UIBIUOD JOTWERIP AU} 9A0]E SSUOISPNIA] 51} SHI9AO 1B} SSIDIUTRIC]

‘ds wnipono.adp pue ST S50 Sowief iod

. ‘S0 dnsousdelp-o3e ou pue ‘udfjod 9e0ESIq PAjRNUAIdIpUN . BPUOPY PUE JUIOJ UO)[IWRH (U201
(L661) "[e10 2tind JO ddurUIWOP ‘A1l A[pAneal sa1ods-udfjod snouddipuy ds wnuupon3ury 145 1e||F5EOUIp OJeI0YD arey “dds sarLiafuuidg pue JUIOJ 10qeY Jedu SAdIWeRIp 91e7](,) QUADOTIAL
; ; ; (QUAD0[OH Y} 0) QUIOIIN A[Ied) asuaryida) wniuipoIn1da)1g SNOUIIPU] : . :
uy] JIBLD) SqqOH
'S1SA9 ore[oSe]jourp du509[ed pue SNOIJBIAI) )BT PAYIOMAI JuBpunqy ‘S| $SOY Sowef
(0107) 'Ie 12 stuowepy wnpomoado)  W0d JOION JO ANDIWRIP  dUD0I|J—UIIOIA
' uoneuLIojul ON . do adiand: ! I
pue sa71.49fiu1ds :$)SKd d1e[[a8e[joulp eIoyd snouddipul A|qeqold W JIRLY) SqqOH
‘sydiowouAed snouda3ipul dz1ugooa1 03 NP 'S SSOY sowef
‘(ppusodjop pisdoopvauur ‘v1oAjydoaaay 3o papuplfoq <3'2) SIS IO [OPUNOY TOMOIYIIBM
Q)e[[95BJOUIp USI0T1|O—UD0H pueR (DIVN.L2gN] P]j21UOSIN ‘Didfiiod quI0g UO)[IWeH
(1102) e 10 uuewiZ[es , 'sa10ds-uajjod snoadeIdI) AR PANIOMY  buLyI0JUOP() ‘Winpron]jad wniuipljagns| ©3'3) SNOALIAID &mu_ payIOMY hw_om_w Bnoﬁ 104 JoRyd susoonq Apred
Pa10A0921 sydiowouA|ed PoALIDP [BLIS1IY) SNOUTIPUL UON sooIwelp Ay} “indg ua10ad ‘P apeIse) :
Jo 1sowr ut (yoreyuoe) “dds vipriavydsora7 pue (3545 dyeja3epjourp) “dds ‘P 121810, ‘se1)
wnipliavydsolajdui] Juepunqy “(IDIWRIP IDIR[D) SQQOH Ul) asuaryida) UBWIYORT JO SAIIWRIP
wnu1pon12)1g 15K Ae[2Se[Joulp SnoudSIpur ) JO URLINI0 d1perods “w JI1dRID) SqqOH
. ‘S| WINQY20))
(2002) 11PM[IS UOIELION ON ds sajriafiurdg 1S5 dye10Yd d)e[[SeJouIp Snouasipuy Y AUA0IJ Ae]
. . 'S 39N
sarods-uajjod snoaseIdI)) BT PAYIOMIY S1SA2 Q1R [[9SR[JOUIP SNOEIAI) B PAYIOMAY .
. ; . quie ade) Jynig yormpues .
($107) 'Te 12 014A3yoU0)) P212A0221 sydiowouk[ed poALISP [BLISALIY) SNOUITIPUI UON paygnuapt sydiowouA[ed surrew snoud3pur UON (eIN 60°'C pue
ARl s
T BIN 'S Uoamiaq
‘sydiowouA[ed snoudgipur d3uer sa3e) oud
9Z1uS0931 0} NI "SISAD AB[[ASR[JOUIP SNODLIAIY) )BT PAYIOMAY . J0]SI9[—OUDOIN
. ‘sa1ods-uayjod snoadeIdI)) 28T PAYIOMAY ‘ds susdoouioisoavp g . . [ E59A
(#102) 'Te 12 014dyou0) . . T - quie ade) nig e
P212A0221 sydiowouA[ed paALIOp-[eLSALI0) SNOUSSIPUI UON  YOIBILIOR SNOudSIpul 901eds A[qeqold pipautiaul - “1e “ds punuunyso. | pu
RIQJIUIWERIOJ QUAS0IN Y} 03 Paje[al as0[d a1k | 2dA) fendsoydoi], sttt
adAyoydiowr 2y Jo SSurul] BIQJIUIUEBIOJOIDIW SNOUSTIPUI UOWIWO))
‘sydiowouAyed snouadiput
owEwooQ o :socm_a ‘sei0ds-uajjod m.:.owooz pue 2ud509[ed ‘sydiowouAjed snoudSipur 9z1ug09a1 03 NI (L00T “'Ie 19 OLII'] NSUDS) ous
(8007) '[e 12 spurere) SNO20BIL) AV ‘UBIULIA] PANIOMY (FUIFOIN-SNOIERAL) 'S15A9 d)e[[2SRJOUIp SUIF0IN PUB JUIF0J[BJ ‘SNOIIBIAIY) LT PAYIOMIY quie oqe)),, IR 20ISt31d U0t Id
’ Qe :a3uel) sypnba sajriodsop.ia)) d10ds we30)dA1) “snyp.ory p « > e

SONPIODSDIO]DE] ‘DUDIUADUL DLIESUDA] SUIAL] O} O} PIINGLIE "Snsowp.1 $21112JiuldsS SISAd dyeioyd Ae[dSejourp snouddipul A|qeqold

ure13 udjod aredjoown suradsoi3ue snouadipur Ajqeqold

(sa1ods-uojjod) . 16k
[BLSOLIO (S104)0 “YIe)LIdR ‘SISAD oJe[[oFe[joulp) SuLIRA

SOURIRJY K)1[e00] pue yun A3y
sydiowouAeq

SOOUQIOJAI AU} 39S SOWRU uoXe) Ay} Jo diysioyine oy 10,] "S90UAIRJAI pue A)eoo] Jiun oydesdnensoyyl| 93e Juneoipul uiseq SSOy SOWe Y} wolj sagejquiasse [eordojoukied | dqeL



September (2019) Vol. 30 No. 3

Amenabar C R, et al. Adv Polar Sci

168

(s102)

OLII'T pUB Jeqeualy
{(z661) Jouwing
(1661) Te 10 dwer)

(9102)

‘e 30 spurere) (#10¢)
‘e 30 Jeqeuowy (€107)
uniej pue os_umsn_ p
(8861) Surpry pue
auud (y661) Sulpry pue
soured (Z661) UMY
pue poop (z661) ynuws
(z661) Butpjod (1661)
‘Te3e ol ((1661)

‘e dwes) (1661)

‘e 3o urysy (L861)
uoswoy J, pue uuewna(]

(¥102)

Te 3 dwoy (10T ¥10T
‘QE10T “BE10T ‘T10T) I8
19 uewmog (6002) 1810
woy [, (L861) uoswoy |,
pue uuewnd( (9861)
epalled pue ruopreq

(s10T
T107) I8 10 uewmog
(¥100) T8 10 durdyy

(¥107) "Te 30 duray]
(8861) MeH pue UUSIp

(9100)
"[e 32 014240U0D) (4107)
‘Te 10 se3nod (L661)

UOIJBULIOJUT ON]

uasaxd osfe are (snfbuw sa3171.470.404) Sd10ds 9AYdodLT

pue (snon..iaa sappidajorday ds sapiprovayvA)y) aAydopridg
‘1 siyjodpnsutuag pue "dds sazp13pjoyion yuepunqe

YIM palJISIdAIp Aydiy pue juepunge st udfjod uadsoiduy

A.ﬁ [DAISRD S2J1ODLIDIND LY

SMIDINUDLSQNS SIIIDNSOULOJOYILL] TIUOSMDUL SAUPIPD]I0JIAY J
‘snono.yup sappiliyondo.oyy <dds saupidinoopo )
JedoeLIEONRIY pue dedoediedopod jo udjjod wadsouwin)

“POIUSWINOOP OS[E dIE QBT[L 10JeMUSOL] "SJUSW[O UOWUOD

os[e a1e sa1ods 9AydooAT pue 9Aydoprield "papiodal a1e

118 syyjodpnsurua g pue “dds sapiprovajo.ag uarjod wiadsoi3ue
ay ], uepunqge os[e st “dds sazpr3pfoyyon usjjod wiadsoiSuy
‘(*dds sanpid.ivoopoq pue ruosmput sappipp0IAYJ)
Jeaoedieoopod Jjo udjjod wiadsouwA3 jo sdueuIwIo

‘sa10ds 91AydopLId}d UOWIWOD PUR 1SLLIDY Sa11d1dLIA “Snaind
$a11p1o0210.14J ) $A103ds 9vAOLI01 dwios “dds sayp1SpfoiroN
UOUIWOD SSA| “(11UOSMbUL SA1IPIPP]O0]JAY J “SNO1IIIDIUD
sanp1dugopa0.01y) ud[jod 9ea0edIedI0pod JO dUBUILIO]

UOIeWLIOJUI ON

“dds sijodpnsuiuag pue sty sapdiotidy
sapnjour udfjod wadsordue 1y “1un ay) jo yred saddn oy ur

‘ueruedure) aye] ay) Jo aseq ay) djqeqoid pue ueruedure))
AIppIW—AIRH U Q)BJIPUI a5U2DSUIq WNIUIPOIIDS PUR DIDINOIIGN]
‘N ‘Spa2op pjjaruosjaN “(wnipriavydsoaiag] *dds putnyoopuopQ)
S)IUN 19P[O AU} WIOIJ BXE) IOYIO PUB URIUIPOIAIDS PUR D]]21SUDIDY)
‘pjjamosjap snuag ay) Jo surioj ajeAed prourpued Aq pazidoeIey)

‘(uIoR) S[9AS] QWS Ul JuRpUNqR

AIOA S1 Snavjo winpriavydsoyajduiy 1$Kd dye1oyd de[jagejoulp ay L,
“Snapjo winipriavydsoyajduiy

“ds wnup13odu] 210 ©XE) ANRIOYD JWOS “1/]2q21p WNIUIPO.L2))
WNIIUSOUL WNIUIPO]IY J “DIUDISDI WNIUIPOYILL] “dIe BXE) IO
‘vuappipyduty

(sw420p "N)) pjja1UOS]IN “Dja13UDIDY)) ‘(WN2IDI2.4D | ‘Wnplonjjod

'J) winiuip1jagpsy Snuds Ay} Jo swoj deArd prourpriad Aq paziidjoerey)

‘ST INOWASS Ul AJewour WiNIpLI

UB 9A0QE A[QIBIPAWWIT PIAIISQO QIOM WNIIULOfIIDI WNIUIPDSSDUD(]

pue ppnui0d bjjaIpd.ap)) SISKS dJe[[SeIFoUIp oY) JO SUAIAdS oI1ey
‘uerue(] A[Ied Jo ANRIPUL 1171142 wniuipo.fiyiL ] JO oduepunge Jsaysiy
Ay} SIND20 "W [BIqOS JO aSkq Ay} U] “Arepunoq SJ/3] oY) 103 A[ererpawuw
SINDJ0 WN.INISQO wWniuipSauas }SKd Aje[[Se[jourp Y JO dWoe Y|,
‘Arepunoq 3473 oy} Joud

INDJ0 snADD wnpliabydsolajduuy 1SAd Ae[[d3e[JOUIp AU} JO SWOL Y],
‘Arepunoq 34,3 oy 03 1ouid Ajyerpawiwt (1233n.1p v

“SISUDNOWIADS ‘N “DIDUOL0D “J ‘OUDPOLIdG “J\ ‘DIIPUD]2aS ‘TN ) DIJINUNUDIN
15K Q)e[[oSR[jOUIp AJBARD ) JO (SwoR) ddURpUNQY NIdS pjjanunubyy

"UQJ09[B ISAIE[ Oy} SUIEIIPUT "W

[e1qoS ay) Jo doy ay} ur papIodal St wnipnovwl wniuip13vduly W [1qoS
jsoursaddn oy ul SINGO0 OPIMPIOM BIBIIS OUIJ0J[EJ ) JO OIISLIAIBIRYD
‘winyd.iowouioy wniuipordady 15K dnsougerp-age e[jaSejourp ay L,

‘wi,{ oY) Jo 1red 1se9[ 18 10J 938 U0 BT Ateq
ue QJedIpul ‘wun.ioydo.dd wniuipriadoavpg pue vipInguIUND.A1O DISKI0S1]Y
‘pso1oads pa.punlfa] S)SAD dje[[9Se[JOUIP A} JO AUILINII0-00 Y],

‘S1aa4qunu sajLiafiurds ‘vsojif viavydsorq.an |

"ST SSOY sowref g

quiod 1oqed (6861 Te
1o OLI NSuas) unj joqey

S UINg30)) ¢S]

[I1H Mous ‘S Arenjoues

“s] sdwiny ¢S] B3OA

‘quie ade)) ¢'S] ssOy sowe(
97BN dYL pue Ju1od JO[eNg

“urf puesy [['H Mous

‘S| BSOA

S[ INOWAQS “(ISOUWIOMO])
‘W [erqogs/ wy
ouepo)g p zador|

‘S InOWAQS “wiy [e1qoS

S

INOWADS “wiy AJ[eA SS01D)

ST UWINGNI0D) (T~ WIRL) S

ueruedure)
Qe T-ueIUOIURS
1s9pe]

URIYDLISEEIN
e T-ueruedue)
AeT-9IPPIA

UBIUR(T S [1LD
JUBTIYOLIISBRIA]
15918

(uerueq Appsour)
Qud09[ed Alleq

QUA03[ed Ae]

:C_w:M MMNM_NWEEMW d0UBPUNQR JAIIR[I U JUI[IIP JqLIDIIOU B SMOYS INQ Juepunqe po18D]ad pioydissopy :S1sko deRaeoup ueiodowsod mouikag ‘(8861 “I9Ipes Jo o M:oowm
%_E_u n:am_wwNmoww_U uBYO S 3B0EA01 JO Ud[[od ‘WeuIIOp a1 ddS sarpi3nfoyioN ‘winafi1ofiipur)Ad wniuipowdg ‘viniiadp $—1 WRL) “wy BRI €] TP
(1661) Te 10 UD|sy Pue (s211p1d.ipo0pod “saupippj20]|d) 930ed1ea0pod Jo udlod DIAOYIUIZZO,| “DJ1ISOAIOIP Ew\@mwcmwsm .ﬁsﬁtﬁmhxc 53:.%:5%5&
{(8861) HeH pu® UUIM DINDADIUD D2PUDfD(] :DTRIqUIISSE JSAD 1R [[dSR[JOUIP JIWAPUD J1IIBIUY
(sa10ds-2]0d) (S101)0 YoIBILIOR ‘SISAD Je[[aFe[joulp) JULIBIA
SOOUIJY Aed0][ pue UM By
sydiowouAed
panunuo)



169

Mesozoic and Cenozoic microfossils from Antarctic Peninsula

(s102)

OLII'] pUE Jeqeuawly
(z661) JPUWING
(1661) Te 10 ower)

(9100)

Te 30 spuiere) (#10¢)
e 30 Jeqeuowry (€107)
unJiejy pue onbsed 1p
(8861) Surpry pue
auid (y661) Suipry pue
saureq (Z661) uDisy
pue poom (z661) ynus
(z661) Butprod (1661)
‘Tese ouuid ((1661)

Te 3o owes) (1661)

e 3o urysy (£861)
uoswoy [, pue uvewnaq

(¥100)
Te 3o dwdy {(S10T ‘¥10T
‘QE10T BE10T ‘TI0T) T8
19 uewmog (6002) e 10
wioy [, {(£861) uoswoy],

pue unewna( (9861)
epaleg pue ruopeg

(s10z
T10T) e 12 uewmog
(¥102) '8 10 dwoy|

(¥107) T8 10 dwoy]
(8861) MBH PUB UUSIA

(9100)
‘e 30 0140you0)) (¥ 107)
‘e 30 se[8nod (L661)

UOIJRWIOJUI ON

‘yuasaxd os[e aie (snfbut s231j1430.40J) S210ds 91AYdodAT

pue (smvon.iza sappidajorda “ds sapiprovayvA))) AAydopriarg
‘18 sijjodpnsutuag pue “dds sayp1Spfoyron yuepunqe

)M PaIJIsIoAIp ATy3iy pue juepunqe st udjjod uradsoisuy

(S1yp4ISND $]OVLILINDLY

SHIDNUDLEGNS SIJIOINSOUIOIOYILL] “TIUOSMDUL SIPIPD]O0]IAY ]
‘snono.yup sapiligovdo.ony <dds saupidivoopo])
deadeLIRONRIY puR deddedIedopod Jo udjjod wiedsouwn

“PAIUSUINDIOP OS[B dI. JBT[L 1JLMUSII] "SJUSWID[D UOWUIOD

os[e a1e sa1ods 9AydooLT pue 9AydopLvld "papiodal dIe

np3 siyjodpnsuiua g pue “dds sapprovajo.ag udjod uadsoi3ue
9y 1, uepunge os[e st “dds sazpr3pfoyyoN usfjod wadsorsuy
“("dds sanprd.ivoopod pue nuosmvu sajipipp]o0]14y J)
qeaoedieoopod jo udfjod wradsouwAS jo aoueuIIOq

‘sa10ds 91AydopLIald UOWIWOd pue 11SLLY saj1dIdLIA snaind
$211p1o02J0.14 ) SA1Ads rIELA01J dwos “dds sanpi3nfoyioN
UOWIWIOD SSI| “(LUOSMbUL S11PIPDI0]JAY ] “SNINIIDIUD
sapp1diyopo0.01py) ud[[od 98a0edIBd0pOJ JO dUBUILIO

uoneuwlojur oN

“dds sijjodpnsuiuag pue nstiiy sapdiotiGy
sopnjour ugfjod wiadsorue 1y 1un ay) jo yed 1addn ayy ur

‘ueruedure)) 2387 Ay} Jo aseq ayy 9jqeqoid pue ueruedwe)
J[ppIw—AIey Ue Q)edIPUl asudpSUsq WNIUIPO.IAIDS PUR DIDNO.I2GN]
‘N ‘Spaaop jjaniosjaN (wnipriavydso.aiap] <dds punnyoonop)
S}UN JOPO ) WOIJ BXE) JAYIO PUR wniulpo.1(ns pue vjjarSunivy)
‘pjjaruosjaN SNug Y} Jo suLI0] Ajeaed prourpriad Aq paziooeIey))

‘(wde) S[PAJ] SWIOS Ul juepunqge

KIA ST snapjo wnpiiavydsolajdut] 1K 0yeI0yd de[[eSejourp Ayl
‘Snapjo wintpriovydsoyajduiy

“ds wnip18vduiy :a1e exe) 9JRIOYD WIS '17]2qa1p WNIUIPO.12))
WnOLIUSDW WNIUIPO]aY J “DaUDISDI WNIUIPOYILL] ‘I8 BXE) 1YIO)
"pupIpYduy

(sn4a0p "N)) pjja1UOS]2N “‘Dlja1SuUnIvY)) (WN2op12.40 | ‘Wnpionjjod

[) winipijaqpsy SNUZ dy) JO SWI0J djeArd prourpiiad Aq paziiajoerey)

‘ST INOWAQS Ul AJewou. WNIPLI

Ue 0A0QE A[SJBIPIWIWI PIAIISAO QIOM UMIIULIOfIIDO WRIUIPDSSDUD(T

pue pmui00 pjjaipd.in)) $ISAd dje[egeFourp Ay Jo sudwdads arey
‘uelue(] A[I1eq JO OANRIIPUI 1177142 wmiulpo.dyj1L ], Jo dduepunqe 1saysiy
A SIND00 "W [BIQOS JO 3SBQ dY) U] "Arepunoq S/ oy3 Joye A[ajerpauiul
SINDJ0 WiLINISQO WnIulP3ausg 1SKd A1R[[9TR[JOUIP S} JO WL dY ],
‘Arepunoq 34,3 oy Joud

INDD0 SNAPJD wnpliabydsoyajduiy 1SKd dye[[aSe[jourp Ay Jo SR JIY T,
‘Arepunoq 3d/3] ay3 03 Jouid Ajeyerpawrwt (1288n.4p i

SISUDIMOWIADS P ‘DIDUO.L0D ‘N ‘OUDPOLIDG TN “DIIPUD]23S “JN) D]]21UNUDJ
1540 are[jeSejourp ajeArd ay) Jo (dwoe) dduepunqy :aids vyjarunuppy

<

"3U9203[BJ 1SAVE[ Sy} SUNLIIPUI “UL]

[e1q0S ay Jo do) Y3 Ul POPI0dAI SI wingpjnovu wniuiprvdul] "W [e1q0S
1sowsaddn oy Ul SINDI0 OPIMPIOM BIRIIS SUSI0J[BJ )] JO JNISLIAIBIRYD
‘wnyd.ououoy wniu1po1oady 1SKI dnsougerp-a3e dje[[afeoulp ay L,

‘Wi a3 Jo 1ed 1sed| 18 10J 938 QUA09[R] AR ARy
ue 9)edIpul ‘wn.ioydodd wniuipriadoap|p pue pIpguund.L piso0si|y
‘psoroads pa.ipunlfa SISAD A1e[[9SR[JOUIP S} JO AIUILINII0-00 Y],

‘S1aa.qunu sajL1afiuds ‘vsojif viavydsorq.n |

‘ST SOy Sowe( 5

quiod 10qey (6861 TB
12 ouI] NSuds) ‘wiyf joqey

'S[ wINgy20) S|

[ITH MOUS ‘ST Arenjoues

“sT sdwiny ST BSoA

‘quie ade)) ¢S] ssoy sowre[
9ZeN 9L pue Ju1od JOINd

"y pusls| [[IH Mous

‘S| B3OA

S INOWADJS “(ISOUIOMO])
uyf [elqos/uig
ouepoyRg Ip zado|

ST Jnow£ag ‘ury [e1qos

5]

INOwAQS “ury AJ[BA SS0ID)

'S UINGY20D) (Z—1 WRL) S|

ueruedure)
ojeT-ueruoUEg
18918

UBRIYOLISERI
e T-ueruedue)
e T-2[PPIN

uerue(J isarjred
JuRnyOLISER
1sae]

(uerueq Appsour)
2U2009[ed Al1eq

QUAd03[RJ BT

Ev_m:,m Mowmw: hwc__u_ww 20UBpPUNQE SATIR[OI UT SUI[IIP 9[qBIIIOU B SMOYS Inq juepunge vo1Bjad pioydissopy S1sKo aeRaeyoup ueiodowsod mouwikag ‘(8861 ‘IOIpeS Jo e M:oowm
%:EU _u:me.NNNoWwW 3o S 9Ba9e)01{ Jo uarjod ‘yueurwop a1e “dds sazpi8nfoyioN i M mg—— G—] WRL) “uny BIRSIA BT T-IPPIN
{(1661) Te 10 unysy puv (sar1pidipoopod “sapippl2o]|d) 9ee0ediea0pod Jo udlod DIAOYIUZZ0,| ‘DJ1ISOAIOIP Ea@%cmm:m ,,Exo.ao,%.h:u E‘,t:%o:ﬁu.%
{(8861) MBH puUB UUdIM “DINIDIUD D.IPUDfa(] 9TRIqUIISSE 1SAD AJB[[9SR[JOUIP JIWAPUD dIIIRIUY
(se0ds-uayjod) (s101)0 YoIBILIOR ‘S)SAD dje[[aSe[joulp) SULIBIA
SOOUIRJOY A)Ted0][ pue Jun By

sydiowouAed

panunuo)



September (2019) Vol. 30 No. 3

Amenabar C R, et al. Adv Polar Sci

170

(2107) Pismaley
pue 1yo1Zpzen

(1102)
e 19 )AAN

(£002)
‘e 39 014K9ydU0))

((2002)

‘[e 10 s1oyuor
{(1002) Te

19 BY10S{-S[ouyg

(€002) e

1 ol {(Z00T)
‘18 19 sIquof

(2002)
‘[B 10 s1oyuof

(1102)
‘e 39 0143ydU0))

(0102)
‘Te 39 siuowrepy

(9661) 992
pue ppIzpzen
{0161) puefoH

(r102)
‘e 39 01K9ydU0))

(¥100)
‘[e 39 014A9ydU0))

‘eIuogeied pue pue[edZ MIN JO QUJ0H ) WO A[U0 umou| a1e sa1dads wmipiydj20.4qii)) oml Y], ‘suawidads sruopjued

Jnewa]qoad 18 ydIym Jo 31y} ‘sudwidads pasiasaid A100d A1) pap[IA A[UO ‘IdqUIdUL JOMO] Y} Wol) oS[e ST ydrym d[dwes piiy v “ds pynmwgo pue
(AuB1q1Q . p) stpn3a.ir puipning (Kejul]) wnpurdps “jye -0 “(JNIIUS] pue ppo ) asuanirin] ‘Jje wnipiydjao.qriy) ‘vsoqoi3qns puijnpissnr0qojn) Aq
QU0 12Y)0 Y} pue ‘(1R ) ba.ila pipayois pue (Apeid) psogojdqns pulnpisspooqoln) (uewdey)) 14pn.q vjjauooy “ds puijjauoioN |, Aq pajeuIuop
SI Wway) Jo duQ "douanbas ay Jo aseq Ay} Jeau sa[dwres 0m) Ul punoj 1M SSUYDLI pue uonIsodwiod ur SOSe[qUIdSSE [BIJIUIWERIOJ IIYIUSQ SANIUNSIP OM ],

“SJUSWIIPAS QULIBW WOLJ PIYIOMAI S PojaIdIdjul d1om AdU) UOITRULIO,] [OPUJA A} JO S)un JIudSIor|3 [BLI)SALI) WO) A[9[OS pauIeIqo 21om Ay}
sy ds buinpisspooqoy pue (uewdey)) 1pp.1q vjjauoiuoN “eIeunsieN 10ubsp pulpun]Ssof] sojdures JY3IId WO} PAIGA0IAI 1M SudWIAdS da1y) A[uQ

(Z007) '1e 10 sIayuof Aq pa)sad3ns sem a3 QUAdOIN e & “Aou “ds vyjaiprydjaouiuty Jo ddudsald ay) uo paseg

‘SOA[BAIQ Q11 pUB S3[oRUIR] JO

sa109ds MaJ YIIM BSOqOI3gns/pssp.4o pulnpIssp)) pue ‘Aou “ds vjjpiprydjpowuy Kq PImMo[0] ‘snuptiay.ind *) Jueuiwop pajiodal a1om BaIe JUI0] Joqey U]
‘sa10ads pareunni33e snouoyldof[e se [[om se ‘(uewdey)) 1pp.1q pjjauo1oN pue ‘Aou

ds ppjaiprydjpounuy (Apeiq) vsoqoj3qns puinpissp0qor) ‘(Apeigy) snuviiay.ind saproujnpissn) (ssnay) bsoquiiy 7 “Jye “ds vuinoyuay ‘([N pue
[QWRL]) Stwnpida.d 7 “jje “ds snjoopisy exe) dIYIUAQ SNOAIRI[LI Y} PAPIIA JUIO UOI[IWRH JO BAIE ) WOLJ SUOIIIS 1Y) JO SAIIDIWERIP ULIBWIOR[D)

‘pautodar osfe a1om “ds viypro.10qorr) pue (19337) prpulnd puria31gorr) Se pAJIUAPI SuAWIIAdS

sropueld 1o, (ZOOT [ 12 SIUOS) AUIIOIA )BT dY) 0] PAJOLNSAL sAI0Ads ssaunjasn drydesdnens e se payy3iysiy usdq sey ‘Aou “ds vyjaiprydjpouuy
‘Aou ds pyjaiprydjaowuty

pue (Apeig) snuviiay.ind saproulnpissn)) Kq PIMO|[0] ‘DSOGOLSqns/pSSp.Lo bulnpissn)) SOIYIUAQ ) Aq PIIRUILIOP SITR|qUIASSE SNOAIBI[RD)

*08® QUADOI|J © SAJEIIPUL D2IIOIDIUD D]2IpIyd]jp0uutly ‘DSOqOISqNs/SSP.L> PUIINPISSD,) PUe 1308
pue 01eu0)) PonR.LIUL PljaIpIydiaouuy “ds uomouo.iqli) £q pamol[o} (qodef pue JIN[eAN) SnIBIngo] Sap1aigry) AQ PIIRUILIOP SIQJIUIWIEIO] SNOAIEI[E))

*(QOdR[ puB IY[BA\) S1J1IpGO] ") PUB  LOJJUOIN dp suadnfa. sapi1o1qr) 1Ied va.jia vjjautuolsids ‘(Apeiq) snunriay.nd saproulnpissp)) “11ed
pue uewdey) nuispu.iof 0814y 91395 pue 0yeu0)) ran.IUp vijAIPIYdj2owuty 110da1 (DAY [) dnoln) dlued[OA SSOY sowe( ay) SulkpIopun seyoIWRI(]

"so10ads juepunqe jsow Ay} Se 9139 pue 0Jeu0)) LoI.LIUY PljAIpIyd]pouy PUR LIOJIUOIA 9P snynipqo] sapio1qi) ‘(Apeiq) snuvliay.iod
saprounpissp)) ‘(Apeig) vsoqoj3qns puynpisspo0qoln) ‘KugiqiQ),p pSS.Lo pUIRPISSH)) YHIM SITL[qUIOSSE [BIQJIUILIELIOJ OIYIU] SNOAILI[ED A[OAISN[OXH

*010Z0UR)) AU} Ul SISBAIOAP A[[BOTIRWRIp
pUB SNOJLIDID) A} Ul SINDI0 AJUOWIWOD 1By} SnudS ue)jodowsod € s bjjauijaans) pue ‘W, ouepoydg op zado oy wolj pariodal sem vuuajng
'$001 FuIA[IOpUN WOLJ SUAWINAAS PAyIOMAI S PAIAPISU0D e Ay ], “ds vyjautjaansy pue “ds sap1o1q1) ‘uewysny) 1siapl viuajng jo suawrodds paje[os]

‘a1duues dwes ay) wolj pa1dA0da1 d3ejquidsse ydiowouk[ed snouoyydoine
Ay Jo yed a1e yey) (1 odA) ‘Jendsoyooi]) SSuIUI] [BIQJIUILUEBIOJOIDIW [BIOAS O} PAR[AI Sem JOAR] O1UBZIO-1oUUI PIAISSAId [[om S)I asNBIdq SNOUOLIYd0INE
A1qeqoid se paIopISu0d sem I1o)je[ Y], ‘PAIGA0IAI QIOM IQJQUINY vipauLiapul [ “JFe “ds putuwpyso.1] Jo duo pue “ds pujo.doq Jo uawdads auo AjuQ

(8661) 'Te 10 IssUAIR
JO Joquiduiof[e

SBI0.] SBJ 9P 9[[eA

10 (8861) 19[pes Jo

| WR, “S[ INOWAdS
“ur] BRSIA BT

‘S| SSOY
sduwe[ ‘g[nsuIudJ NN
“uny [PPUIN

'S SSOY

swe[ ‘Sjurod 10qey
pue uojjrweH

“uny JIRD) SqQqOH

‘ST SSOY
sawe( ‘p1ol,] up[eg
“uy upg

'S] SSOY sduref
‘a8en ade)
“uny Igen)

'S SSOY sowef
‘sooIueIp
wiod Jod

‘ST WINQyo0)
“ury] pueysy
wIngya0)

‘S| B3OA
“doIureIp
Jnig yompues

‘S| B3OA
LRI Jnig [ed]

QU207
QI T-OIPPIA

QUADOIJA] 91E']

QUADOIIA 9JB]

QUADOIA] 918']

QUed0I[]

QUad0I[]
—QUAJOIA

QUOI[J AJe]

(e zp's ueyy
19p[0) 938
ULId)PU]

2U200-
1SI9]J—OUAJOTA]

( ) "PoN2DIUY Y PUR “AOU “dS byjaipiydjpounuy Jo yoe[ ) pue (PIWS) 1¥22g100 wnissnumpy do[[eds Ay} urejuod sjun Yroq asnedsdq ‘uoewnto, uideirs |, . (BN 60T
€10z ) WO PAPIAIA 3SOY) YIM [BA0 puk snouoyiydonered se pajaididur a1om SIQJIUIWRIOJ Y], "SAIAAS A10SSIIIL JWIOS PUB 1JQUUDY] IS/01I2 UNIUOUOAIS Y . 1 B5OA uey) 103unok)
01A3ydu0) : : : S y AquoIweI(
U SowmIE ‘(uewidey)) 1pv.q pjjpUOIUON “1IRJ WNODIDIUD UOTUOUOLIS “INIR] pa.jia pljautwolsidy ‘(Apeiq) snubriay.od saprounnpissp)) ©ds buinpissno0qojn wer ode QUJ0ISIAJ
pue s 0 UOJIUOIN Op Suadjnfa. sapio1q1)) AQ paIMO[[0J JUBUILIOP d1e WwdnbId |, wimppavoxa 7 “jye “ds wnipiydjao.4qri)) pue (uidsai)) v.io1q buinpissn20qojr quieTade) —QUdd01[ Ae]
( ) "paniodal 210Mm IOJIUOIN dp Suadnfa. sap1o1q1y) pue 'S] SSOY AUA0ISIA|J
- wm%mw (11eq) 1puppipa puroyuas.in,] ‘(Apeig) vsoqoj3gns pulnpisspo0qolr) ‘KusiqiQ, p PSSp.Lo bulnpissn)) [0)) rapund 7 ‘(wanbid 1) umpanoxa wnipiydys SQWef ‘UP[Ag OpIoI] Apaeq
230 0L "9BPIUIONUSIN] PUB dePIUINPISSE)) A[IWR) Ay} JO SUdWIdAdS Juepunqe yim ‘soSejquiasse [BIQJIUIWRIO) JIYIUdQ ISIOAIP MO] pue paAIasald K100 “un wideay,  —ouddol[d ]
(+002) "W PUB[S] UINQYI0)) 91RISWO[SUOD SUIOI[J dY) JO SIP[NOQ dIIRLID —
‘[© 19 1}d1ZpZRD) w1y dwied ‘deprulnpisse)) Ajiuwey Ay Jo saAnejuasaidar yim Suofe 21395 pue 01euU0 ) PIN2IDIUD D]j2IpIYdja0uiY IYM ‘UISBE SSOY SAWR( A} JO BIRNS ‘S| INOWAdS S1011-0U2001
(1861) J10ZOUY)) PuL SNOADLIAIY) Wol) paadold A|qeqoid (sap1outo1so.iqri)) pue bunuuny20.4] “vLIDINIXI ] ‘SHOSIpowLy Sajinopqowuy ‘saproudn.iydojdpyy “uny S [PPPIA 1steld o m%“_
‘[e 19 ourue[ey ‘punuiun]dA7) BIUZ dy) Jo $319ads pajeuIuiIdpu] (1sodap duIeLIOW JduuUl) [[1} JNO-1[UI [BLISILID) B Ul SIQJIUIWLIOJ JIYIUSQ PINIOMIY 1eTI80d
SIURIJY SIQJIUIWIRIO,] uoned0| pue Jiu( By

SOOUQIRJAI pue A)1[ed0] “un orydesdnensoyyn| 93e Junesrpul uiseq SSOY SAWE( Y} WO SATe|qUIasSe [eIjIulwelo,] g qe]



171

Mesozoic and Cenozoic microfossils from Antarctic Peninsula

“(vewdey)) npp.q vjjauoiuop 0) puodsaliod jsnw pue 101 [eorydersodA e sey (uewdey))

14pp.aq pjjauoro) “Ajreuty puy “(xejoryiw@)sweloyd) (uuewnruuQig) sisuad.ialgnop psnuo20qojry se paydaooe s1 (uuewiuuQig) sisuas.ialgnop panspgos) sardads oopyueld oy ‘sapisag “(oIeWe ) DIVJNIOL DUIROIUIT

se (KQ1omos) oydwios puynonua7 pue (QOde[ pue JN[eA) binipqo] binipqoT se (qOdel pue IN[BA\) SnjnIpqo] sap1oiqr) ‘(JdxIed) va.djia pipayojis se IxIed va.diia bjjautuoisidsg (Apeiq) publiayivd saploulnpissp))

se (Apeaq) bupriay.ind saprouinpissp)) ‘(Apelg) vsoqopdqns puinpisspaogojr) se Apeiq psoqojdqns puinpissp) (AusiqlQ.p) vssv4o pulnpisspoogor) se paydodoe s1 AUaLIND AuIqIQ P PSSL.LO bUlnpISSp) JIPUQ

Ay} “(310°sordadsouriew MmMMm) SIAROM JO SOWRU dULIBW JO SO[BIRd PUB UOIIBIIJISSED JAIRILIOYINE 0) SUIPIOIOL ‘SSIOUMDAAN "SHOM PAJID YLD Ul USAIS UOIBOIJISSE[O JIWOUOXE) [RUISLIO Y $)0adsal dqe) Y], (SAPON

(zLel)
qqom (9961)
uaApejo

(1102)
‘Te 19 eyoopeIy

(1102)
‘1239 eydopeIy

(€102) 18R
[eqstio] g (1102)
‘Te 19 eyoopeIy

(9100)

‘[e 19 spuieIe))
((20027) e

1 1yuoy (6661)
014ayduo)) pue

-oepriwderydoxeyy Ajiwey ay) 03 Suofaq Afjeal (996 ) UQAPRION
Aq (uewysn)y) psnpuod buvoun.ijogojny;, duopyueld ayy se parynudpt uswidads ay) (7L61) Q9 0} SUIPI0IIY (SAUO[ pue IdNIR]) SiuLiofiu1128190)S
PUIUDYI0.L ] PUR YA 1/]24100 Drud]ing ‘(10316 PUR SOUO[) DIpAD]O puaSpjowiuly AQ PAJRUILIOP “BXe) SNOAILI[Ed JIYIUSq pue pajeunn|S3y

‘punoj a1om “ds xusz.7 snoared[ed ay) pue “ds prxwyriy pareunn|33e ay Jo sudwidads o1yudq paa1dsaid Ajood om ],

‘paudisse sem oFe ueruojues AIRg—URIORIUOD)
© ougesso sisuanbsoq puiiadiqojSoavyo.y pue ([eS1S) 1sunSaaufos puvoun.sjourd.iopy sdruopyueld ay) Jo siseq Yy uQ (SSNQY) pno1IUa] bLIdUIINAID |
pue “ds pjjautjaansy “ds puynonuag (AQIOMoS) 1mordutod puinanua e SnodIed[ed dIYIUAq Jo pasoduwiod Ajurew 9Fe[qUIASSE ASIQAIP MO] Pue 1004

‘Arepunoq ueruedure)/ueiuojueg oy Jeau

SOSBAIOAP 9IUALINDIO S)I PUB UBIUOJUBS JU) 0} UBIORIUOD) dY) WO} S903 dFuel s} 9sneddq mala jo jutod Ajjeosryderdnens e woij juepodul st ouessag
sisuanbsoq pu11231qoj30avya. $3193ds druoiyueld Jo uswdAds U0 AJUO JO SIUSLINDIO AU ], 'UOXE) JUBPUNGE ISOW Y} SB (USZI01g]) 1a3pIpuns vjjauljaans)
pue SBWOY ], pue 12I39[y "PuUdWd (MOUZeH ) §150q0}3 SaprouiploA) Y)m ‘$)sd) pajeurnn|33e pue snodred[ed Aq pasoduiod 93e[quIsSe 9SIQAI(]

“SJUSWILIOIIAUD QULIBNISI QIOYSILAU Ul P)ISOdop d1om S[OAS] 25aY) (886 ) HB[QIBJA 03 SUIPI0OIY “(3XO) UTBW 99S) UOIBULIO PUB[S]

[IIH Moug ay3 Jo s[aAd] drydeidnens 3saysiy 03 Suojaq pinom ‘s InowAds Jo A S pue sy [[IH Moug Jo sdo1ojno wolj paIdA0ddl SIQJIUIWEBIO) dWOos ‘A[eul,]
“(e1oang 013nJay]) INY PIOMSUSPION WIOL} PAUOIIUIW OS[B d1am SAIdads pauruLdopun pajeurin|38y

‘pauonuaw sem $19ads pajeunn|3se 931e| A1oA pue snondidsuod Jo a3e[quidsse Juepunqe pue drdAjouowr Jsowfe ue eare quie| ade) oy uj

“U01399S 1S9AQ) JO[ONA Jo 1ed

1oddn ayy ur JueuIWOp d18 pUE UONIIsdN JuepUNqE A[oAISS2IS01d SUI009q S[RUNEJUI ) SEAIOYM ‘UOIIIS OPIBUOT O[LLIOYD) Ul Jueurop a1e sjeunejido
oy L ‘yuowugisse o3e Aue pojudaaid uoneasasald 1ood $)1Inq ‘S[OAL] 1SYSIY AU} WOLJ PAIdA0DAI sem “ds buvoun.jogorr) druopued ay [, ‘(xvydoa.gng

'S[ SSOY Sower AN
SIID umopa[quun,
“ug yurod Yonoy
'S[ SSOY sowef

‘Keg Apueig AN
iy Aeg AISIYA
'S[ SSOY sowef

‘Keg Apueig AN
“un o€ WPPIH
‘ST SSOY sowrer ‘Aeg
Apueig gN “IQN
s3e1) uewyor|
“ulf BMEL Bjues

'S [[IH Moug
AN ‘(eroang o13njay)
mny piofisudpioN

S| eSO

ueIqrV deT

ueruoang,
—ueiq[y Ak

ueIIOIURS
Apreq
—UBIORIuO))

ueluoIuES

URIILISERA
Areq ajqissod
pue ueruedwe)

Moo (L661) pue xpydoay ‘puisouLIOf]) SUBIBUISOUWLIOH S[eunejul jo suoriiodoid 19mojf 03 uonippe ut ‘deurwopaid (saprounuupyso. | pue saprowdv.aydojdory) — ‘quie] ade)) s ssoy e
‘Te 19 01K3ydu0) sueooe[on)I| [eunejide nq ‘pajeunn|3Ze Aq pareuriop NSl 0S[e 1S9AQ) JO[ONH Pue OpIeU0dT O[O0y (19[S $150q0)8 xvydody]) SUBIIRUISOWIOH] sawief W04 Jo[oyq
{(L661) 1eUUID sreunejut doap Aq pamo|[o ‘(1ayo1[e] bupoo1yd putuupiodjdo.nds) sueddeurwe)dodonds pue (‘dds uoydisipg) sueadeziyionsy speunejida IQIN
{(8861) Joqny pajeunn[33e JUBUIWOP YIM BXE) JIYIUIQ OSISAIP MO| PUB 9IS JO SISISU0D AFRIQUIASSE ) UOIIIS BISOD) JO[AYT 1V JUI0J JO[ONT Yy JO BAIR AYI UI  JUIOJ UO)[IWRH ““uiy]
{(SL61) 010A10  Surddoroino aduanbas snodoejar) 1oddn ayy jo jred 1addn pue opprw “1omo| oy 9s0dxa ‘A[9A1103dsal ISOAQ) JO[ONH pue OpPIRUOIT O[[LLIOYD) “©IS0) JO[ON] pue[s] [[IH Mous
“SI9BJ UOIINJOSSIP Y} QA0QE “S] INOWADS UO AJUO SINI0 QU0 S1suad.ialgnvp purlipnpo) ) pue ‘sd1oej uonn[ossip
Ay} MO[aq "S] INOWAIS UO A[UO SINDIO0 “QUOZ SIsudlimoutuout vjjaSiagpar] 34y ‘(W] oueponog ap zado oyl Jo w 0S| 111y 9y} Yim Suofe way) sopnoul
oSejquuasse sIyy ‘sny “ur] pue[s] [[IH Mous Jo s[oA9] Joddn oy 0) Suruojaq se PeIopISU0d AJUSLIND dI. SPAQ PUB[S] INOWIAS JSOULIIMO] [} JBy) purtl
ur dooy 0) ALY M ‘SSI[AYLIAAU) BIRNS [[IH MOUS pue ("S| sSOY sauref) dzeN YL, ‘(S| e3aA) quieT ade)) Ay )B[21109 0} Pasn Sem dU0Z-d3e[quIasse
14pay purlipnpr) AU 1, :UOIZAI SSOY SAWE( YY) 10J SAU0Z d1ydeISiensorq duLjap 0) pasn 1M BXe) PAJO[AS JO SIOUILINIJ0 ISB| PUB ISI1y Ay I, "Swi] 1 250 A—quie ode
[e1q0S/0UBPOLIAE P ZadoT OY) MO[Oq U | PAISA0IAI Sem (UURWIUUQIE) S1suaS.1algnpp ponspgoln xapul dtuopyueld uerue( ueyjodowsod ay I, *SuLIO} I ,.>|@ 12ded
JUB)SISAI UOIINOS SB PAIOPISUOD dIOM D0UINbIs sn090L10I)) S[0yM dY) UO SIQJIUIWEIO) UOWILIOD JSOU U} OS[. A1 YIIYM ‘Apelg pipsuoja putuu.iodAry S1 S50y sowtef
pue 1oqny 12ipjjaonu winiudp.aydojoaa)y ‘uewdey)) pipupjduiod *) "33 pulunioA) “sIdJuIWRIo) pajeunn|3de patasald A[100d M) ureIu0d S[RAIIUL rmm_z__élmwﬁw% UL - W__M_MMM_\
[edrydeidnens SurA[10A0 ay J, *sa1dads oruopjued yl Jo 2,00 | PUB SNOAIBI[ED JIYIUIQ Y} JO %19 ‘Sa1dads pajyeunn|33e ayj Jo 9, £ Jo dduereaddesip L IH X SHN HUPLISEEN
dy) 0} ONp ,SAIOBJ UONN[OSSIP,, SB UMOUY SI [BAISIUI SIY ], "SI0 JIAOUIN) [eUNR) djeWeIp & ‘A1epunoq S/ oyl 1eau ‘[eAldur dn1uodne|s ay) aaoqe ‘dn spinow om:>>m w1
JoYSIH pa1sadsns sem ofe uenyoLnseeN—ueiuedwe)) 9B B paq d1IU0INE[S B MO[Oq W 4 0} [ UIYIIM WO 9ULINDI0 d1ydeiSnens 1saysiy 11ay) oaey wd
. o : ouepolIdg dp zado|
jey) sotuopueld oy uo paseq “(Jowwin|J) psodn.t Yy pue (8861 JoqnH | “ds (puriadigoj3odny=) (7661) 1qNH pbjoaivu bu1i231qo130anyd.1y “(310quUAIYH)
psoNqol8 x1]aY0.4313F] ‘(ININ[e]) smpurdsynu saprouliad1qolr) (8861 JqnH Ul szsuaymowtiouwt ‘=) (7661) qNH Lia11]s pjjad.12q4ap] a1e soruopjued
UOWIWIOD ISOJA] "SUOIB[A1I0) [BUISBQ-RI)X 10] [NJAsn sa10ads o1yjuaq se paySiysiy sauo AJuo ayy a1om Aejut,] 14gpay puidipnnr) pue (Kejui,]) bubo.mvyp.a
DLIDOIPUO.LL] ‘SSNQY DIDSSD.LoUl bulaljog Inq ‘sardads ueyijodowisod Ajurew aIe saryjueq oy, ‘seueyd onoiq juenodwi 10351391 jou pip pue ‘soruopyueld
(8861) 19qnH MQJ pue eXe) d1yjuaq snoared[ed paaasald Ajrood yym seSejquasse pajeuriniSse 10 pajeurini33e A[joym papjaiA aouanbas snoadejer)) ay) jo 1ISON
"PAIOA02AI $A10ds druopjue|d AJuo aup I (UUBWIUUQIL) SISUIS.L2[qnpp PI1ISHGOID) [1SSOJ XOpUl UBlUR( AU ], *s910ds Juepunqe 1sow dy3 SI J pue jun siy ‘S| Inowkdg  (uerue(q Apsour)
(8861) 12qnHy 0} PAIOLNSAI SI 10qNY p200.4d pjjaunuing JYIUQ A, SIS} SN0AILI[Ld Aq pJeuIliop 93e[qUISSSE [BIJIUILILIO] B PIP[AIA UONRULIO, [RIGOS ) JO Jiun [eseq “wj [e1qos QuRd09[ed
SOUIJY SIQJIUTWIRIO] uored0] pue jun By

panunuo)



September (2019) Vol. 30 No. 3

Amenabar C R, et al. Adv Polar Sci

(8100) 'Te 10 eIRH

(8100) 'Te 10 eIRH
(8007) Te 0 Jo[Ae],

(81027) Te 10
eieH (1002) eIeH

(aL661) T80 dLuld

(L002)
‘Te 39 01A3ydU0))

(0100)
‘e 39 ISSUdIRA

(0100)
duwel)) pue eIy

‘(1161) Suudy

(#002)
‘[e 39 d1zpzen)

"SISUQINOWARS bja.4Y[) PUR SIUOIQUIDIDWL SIIIJNUNT BXe) PIAISITIY
NS TININ

DOIU2O02 DU]]2UOII() "BXE) PAIISITNY
(810T “'1& 10 BIRH NSUDS) IS 10

SISUINOWADS Dj2.4DY[) PUR SIUOIQUIDIDUL SIJINUNT  “eXE) PAIA)SITY
(810T “'[e 10 vIRH NSuds) ayg [erdnsiey

SISUDINOUADS

D][2401f() PUR SIUOIQUIDADUL SIINUN'T DINDAPIUD DUL][2UOI() ‘IP]a0BySUdP.I0oU DAOdODYN ‘SO S1S2.4011Y “eXe) PAI)SIZNY
(810T “'Ie 19 BIRH NSuas) g age[n3un

‘uesoydoose jeuruIAdpul U pue uedseur ydiowodiuriquiauw € JO SAIUO[0D PUR SISUNOUIADS D]j2.4DY[() XB) PIIAISISIY

ds “u ‘uel "u stsua.noudds vjja.uvy ) 0) PAUISSE USAQ SABY SAIUO[0D ASAY ], “PAzIuZ0dal A[snoraaid asoy) woij Jounsip
SPJRIYS [2IUOIJ PIO[NUOUIN IQIYXA JBY) SPIOOZOINE UM ‘OYI[-}e0ys 10 -}ods ‘[eLiosnnu ‘SunsnIoua saiuojod [ULoj YimoIs Auojo)

'snuag SIy) Jo AUI0NSO1q © SPJAIA ey a1 A[uo ayy St Sy [, “ds puiiug ‘exe) pa1oisiday
(100T “ereH nsuds) 1 TVdZ AN[ed0]

SISUDINOWIADS D]j2.4DY[) "eXE) PIIAISIZNY
(810 T8 19 BIBH NSUS) €6/ VVI A0

*Au0[00 21B[NONRI 10010 UR ‘Ssnpolyd sisa.0112y 0) SuISUO[eq SuUSWIIAAS AL BXE) paIa)sISoy
(100T “ereH nsuads) ¢ TVdZ A1[es0]

‘ds piuopoory, pue sisuapjasawl pLv.10da]12)) “ds pauo.iprupy |, eXe) PAI)SIZNY
(810 “[e 10 BICH NSULS) $8/¢1 Ad A1[e20T

‘Joput “ds ueroydoose ue pue “joput ‘ds p1o10da[[a0 € ‘pruop.oSua “3o <ds jja.todo.ony <ds pjjatodsiy rexe) paIdISISNY
‘SI0QUIBYD [BPI00Z 9Yf) AdNDO0 S)SEO 93I0[BD ‘SASED QWIS U] “JOA0D [BIOUIL Y}IM IO POPOLIOD SAIUO[0D)

"QUADOIIA] oY}
ojur exe) osay) Jo ague orydeSnens ay) SpUSIXa PLIDJJAIIUDIQUIDJY PUR SOIOPGDY.IIOJ ‘D]jaulib]]a)) JO 0ULIN0 Ay, “ds niau.lofy
pue “ds paizorapy “ds prpjeoupIquiapy ©ds solopgnyaijog ds pjja.iodooyy ¢ isiivjodap]jals bijaULIDIIA) TBXE) PAINSITNY

"SUO JSB[ AU} JUBpUNQE 10U FUIaq ‘SAUO[0D 19210 PuE SUNSNIIUS AY1[-}ASYS :SULIOJ YIMOIS AU0J0D)

‘(sa10ads pue snueS palyruapIuN) SAUO[0D UBOZOAI] }913 pue SUNSNIOUS PAAIAsId-[[om :SuLIo) Yimois Auojo)

QBPIUIOYOURIIOY
depiur[iqu) ‘oepriododtjy ‘eepruiadey) ‘eepriodoje) eprioda[e) ‘eepruidoe ‘oepijjeiododiy epijjeiodoziydg ‘depriodnoag
‘Qepruipwug ‘oepi[[01dA100A1g ‘oepinisioau] ‘depiisndouyorry SII[IWE] BIBWOISO[IAYD) JOPIO ‘BIBWOISO[IAD) JOPIO) ‘BXB) PAI)SITOY

‘w10 [eprosoyds yam sa10ads auo AJuo pue sIU0[0d Je[[oweIun unsnIoud :SWIoj Ymoid Auojo)

3

“BONOIRIUY
u1 snudg SIY) JO PI09A1 111 Y SIUSAIdaI ‘U] BOS [[OPPIAA AU} 1B SNUST SIY) JO 90UALINII0 Y, “ds pjja.pyosy exe) paIdIsISay
“wInjeIISqNs AY201 & 0 payoene ‘Auojod padeys-uej ‘reurwre[iun paAIdsaid-[[om auo AJuo :SuLoj ymois Auojo)

‘vriodoudis vjjatodo.soyy pue winjjadpy voyioddir] ‘sipriou piodo.soyy oo pUlsy]y <Iopul “ds PIISLI) [BXe) PaIAISIZNY

(8661) T8 19 1SSURIRIN

JO JoqUISWO|Y | vavjnon)
—(8861) 1o[peS JO f Wa,
‘ST OIqUURIRIA]

“uny BRI\ €1

(8661) '[& 10 1SSUBIRI

JO Joquidwo[y [[ vavjnon)
—(8861) J9[PES JO § WAL,

‘ST OIQUIBIBIA

“uny BRSIA B[

(8661) ‘T8 19 ISSUAIRIN
JO IOQUISWIO Y BIISAWqNS

—(8861) 1o[peS Jo 9 WA,
‘S| OIqUIBIRIA]

“wy epRsdwuqng

(8661) '[& 10 1SSUBIRI

JO Joquidwio[[y elesawqng
—(8861) 1o[pes Jo L wia],
‘ST OIqUURIRIA]

“wy e)Rswqng

'S] SSOY Sauwe[ JuI0d 10qey
“uny JIRD) SqqOH

"ST SSOY SOWIE[ YUI0J UOI[TWEBH
“ur JIR[D) SqqOH

‘ST (AnowAaS) Ol1qUIBIRIA
‘U IR SqqOF

'S[ UINGY00))
‘Wi PugS[ wingyo0)

‘ST (Anowkag) o1quIBIRIA
“uy ©3S [PPPIAA

(OARYS ‘dnoin

U0y
AR T-RPPIA

Quad0311Q),
/U007 dje]

QUQOIIA IR,

QUQOIIA IR,

QUAJOIIA] 918/,

QU201 ]

(S102) JIUBD[OA PUR[S] SSOY Sdwef dy3 JO
. 14929102 : U0ISIdIJ
230 stuowepy winissnuwpy prundd ay Jo s[jays pajuswidey Jo $a0LJINS IAINO PUL JAUUT SUNSNIIUS SIIUO[0D ANI[-)A3YS :SWLIOJ YIMOIT AUO[O $Y001 IUBIIOA LI POPPaQIIUI)
1 Py prut W JO S[I2Ys p; JJ 2 p Lsul 1UOJ03 NYI[-}oaYs J 4 100 'S] vS0A ‘oMo quie ade))
SOUAIJY Sue0ZoA1g A1ed0[ pue nun a3y

172

SOIUDIJAI AU 995
sowreu uoxe} oy} Jo diysioyine ay} 10, "S0ULIRJAI pue A1fedo] ‘pun oryderdnensoyyn) 93e Sunedipul uiseq SSOY SAWER[ dY} WOIJ SAAU0[0I Jo 2dA) pue soFejquiasse Ueozoklg ¢ dqeL



173

Mesozoic and Cenozoic microfossils from Antarctic Peninsula
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Figure 1 a, Location of the James Ross Basin area (after Pirrie
et al. (1992); Olivero (2012); Montes et al. (2013)). b, Summary
of the lithostratigraphy of the James Ross Basin. References:
Gustav Group is after Pirrie et al. (1992); Marambio Group is after
Crame et al. (1991), Olivero (2012) and Roberts et al. (2014);
Seymour Island Group is after Montes et al. (2013), Douglas et al.
(2014). Neogene deposits: Mendel Fm. after Nyvlt et al. (2011);
Hobbs Glacier Fm. after Pirrie et al. (1997b); Belén, Gage and
Terrapin Fms. after Lirio et al. (2003); Cockburn Island Fm. after
Jonkers (1998); Wedell Fm. after Gazdzicki et al. (2004).
Abbreviations: Upper CL Mb—Upper Cape Lamb Mb.; Haslum
Crags Sst.—Sandstones Alfa, Beta and Gamma Mbs.—-Members;
NW JR Is.—northwest of the James Ross Island; SE JR Is.—
southeast of the James Ross Island.

part), Submeseta II or Turritella (Telm 7 in part) and
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Submeseta III or Superior (upper Telm 7). Even though in
many works the ages mentioned above are the ones
considered for the La Meseta Fm., Douglas et al. (2014),
based on dinoflagellate cyst biostratigraphy, pointed out that
the unit was deposited during the Middle to Late Eocene
(between 45 Ma and 34 Ma), in contrast with previous
Early to Late Eocene age assignments. Therefore, we
assumed a Middle to Late Eocene age for the La Meseta Fm.
(sensu Montes et al., 2013) and an uppermost Eocene/?
Oligocene for the Submeseta Fm. (sensu Montes et al.,
2013).

The Neogene and Quaternary of the James Ross Basin
consist of discontinuous outcrops that are represented by
Miocene and volcanic and interbedded sedimentary rocks in
the James Ross Island Volcanic Group, JRIVG (e.g., Nelson,
1975; Pirrie et al., 1997b). The sedimentary deposits are
dominated by diamict and conglomerate with minor
sandstones (Smellie et al., 2006). They are included within
the Hobbs Glacier Fm. (Pirrie et al., 1997b) and the Cockburn
Island Fm., previously known as “Pecten-conglomerate”
(Jonkers, 1998). Other fossiliferous diamictites of the James
Ross Basin are the Belén and Gage Fms. (Lirio et al., 2003)
and the Mendel Fm. (Nyvlt et al., 2011). The Quaternary
deposits are included within Terrapin Fm. (Lirio et al., 2003)
and Weddell Fm. (Gazdzicki et al., 2004).

Ice free outcrops show excellent exposures of the
Cretaceous Gustav and Marambio Groups and they are
concentrated in the James Ross, Vega, Humps, Cockburn,
Seymour, and Snow Hill islands. In these islands, Cenozoic
diamictites also crop out (Figure 1a). The Seymour Island
Group is recognized only in Seymour and Cockburn
islands.

The present work focuses on the information provided
by the microbiota from the James Ross Basin outcrops.
Although cores can also provide further constraints on the
Antarctic Peninsula climate changes based on the
microbiota, they are beyond the scope of this work. Only
microfossils from outcrops will be part of this contribution.
Besides, the microbiota considered here consist of
palynomorphs, foraminifera and bryozoans. Even though in
Antarctic sediments other microfossils are present, such as
diatoms, calcarecous nannofossils, radiolarians and
silicoflagellates; they are excluded from this analysis, since
they are out of the scope of the authors’ expertise of the
present contribution. The current lithostratigraphical
framework of the James Ross Basin is summarized in
Figure 1b.

3 Fossil microbiotas from the James
Ross Basin

3.1 Palynomorphs

Palynomorphs are very abundant in Jurassic to Cenozoic
Antarctic sedimentary rocks; both marine and continental
(Table 1).
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The Jurassic Ameghino Fm. (Nordenskjold Fm., in
English literature), located in the Antarctic Peninsula, is
devoid of recognizable palynomorphs due to local thermal
alteration. Nevertheless, the Jurassic palynoflora is known
from two sources within James Ross Basin. One of these
comes from an allochthonous block on James Ross Island
belonging to the Ameghino Fm. that yielded Jurassic index
dinoflagellate cyst genera, with typical acavate and
proximate forms (a type of cyst based on gross morphology,
see Traverse, 2007) indicative of a mid-Tithonian age. Other
Jurassic-diagnostic species have been recorded from Lower
and Upper Cretaceous sediments due to reworking
associated with erosion and transport. The terrestrial-derived
palynoflora is only known by the record of a gymnosperm
(Family Araucariaceae) pollen grain, of warm and wet
climate, which was reworked into the Lower Cretaceous
Lagrelius Point and Kotick Point Fms.

The Aptian was a time of widespread marine
sedimentation within the Antarctic Peninsula—Scotia Arc—
Southern Patagonia region, allowing the comparison of the
dinoflagellate cyst assemblages and correlation between
these key localities. During the Early Cretaceous (Lagrelius
Point, Kotick Point and Whisky Bay Fms.), the
dinoflagellate cyst assemblages of James Ross Basin had a
wide distribution in southern, high latitude, oceanic regions
and they are comparable with the Australian zonal scheme
proposed by Helby et al. (1987). Furthermore, Dettmann and
Thompson (1987) emphasized the resemblance between
Antarctic marine assemblages and southern high-latitude
regions, specifying that the James Ross assemblages were
referred to the three consecutive dinocyst floras (named as
superzones by Helby et al, 1987)—Muderongia,
Heterosphaeridium and Isabelidinium—defined by Helby et
al. (1987) for the Australian assemblages. The “Muderongia
dinocyst flora” is rich in gonyaulacoid (= Order
Gonyaulacales) taxa and mainly contain the genera
Muderongia and Spiniferites. Dettmann and Thompson
(1987) recognized this flora in the Kotick Fm.
(Aptian—Albian) and it also seems to be represented in
Lagrelius Point Fm. (Early Aptian) based on the taxonomic
composition of the assemblage. The “Heterosphaeridium
dinocyst flora” first occurs during the Middle Albian. It is
characterized by gonyaulacoid cysts such as Cyclonephelium,
Heterosphaeridium and Cribroperidinium, and the increase
of peridinoid (= Order Peridiniales) cysts, especially
Diconodinium. 1t was recognized in the Middle Albian—
Cenomanian units of James Ross Basin (Kotick Point and
Whisky Bay Fms.) by Dettmann and Thompson (1987).

The continental community was relatively uniform
across southern Gondwana during the Early Cretaceous
times. It consisted of gymnosperms (Family Araucariaceae
and Podocarpaceae) and Pteridophyte (ferns), both
dominating the forests, with subordinated Lycophyte (club
mosses) and Bryophyte (mosses) (Cantrill and Poole, 2012).
The vegetation composition is known by the megaflora and
the pollen-spore record (Riding et al., 1998; Riding and

Crame, 2002, among others). Although the Early Cretaceous
Antarctic plant community has the same pollen-spore
species as the rest of Gondwana, one of the features that
differentiate it, is the low frequency of Classopollis spp. For
example, the Early Albian assemblages of Falkland Plateau
yielded many of the pollen-spore species that have also been
documented in James Ross Island. However, in the Falkland
Plateau, Classopollis (pollen grain of the conifer
Cheirolepidaceae) occurs abundantly and other gymnosperm
pollen grains (Podocarpaceae, Araucariaceae) are infrequent.
This suggests that the climax vegetation of the Falkland
Plateau region was predominantly of dry-zone with
mangrove cheirolepidacean communities developing, in
contrast to the rainforest vegetation of the Antarctic
Peninsula. These floral differences may indicate a sharp
climatic gradient between the two regions that prevailed
during the Early Albian (Dettman and Thompson, 1987).
The Early Cretaceous floras of the Antarctic Peninsula
gradually became more regional relative to those of the
earlier Jurassic to earliest Cretaceous. This was due to the
development of new oceanic and atmospheric circulation
patterns that generated a thermal gradient in hemispheres,
prevailing humid conditions and more precipitation in
tropical regions, and expanding cold temperate climates at
high latitudes (Cantrill and Poole, 2012).

In the Early Albian of the James Ross Basin (Kotick
Fm.), angiosperms (or flowering plants) first appear as
pollen records of Clavatipollenites, a primitive taxon of a
shrubby angiospermous habit (Dettmann and Thomson,
1987). Leaf records of angiosperms occur in the Late Albian
(Cantrill and Poole, 2012). By the Coniacian (Hidden Lake
Fm.), angiosperms become dominant in the Antarctic floras,
developing mixed forests together with conifers.

Returning to the marine realm, towards the Late
Cretaceous (Santa Marta, Rabot, Snow Hill Island, Lopez de
Bertodano Fms.) other dinoflagellate cyst genera appeared
and characterized the marine assemblages. During the Early
Santonian—Early Campanian (Santa Marta Fm.) peridinoid
cavate forms (Isabelidinium, Chatangiella, Eucladinium,
Nelsoniella, Satyrodinium) dominated the dinoflagellate cyst
assemblages. This Antarctic assemblage corresponds to the
Australian “Isabelidinium dinocyst flora” proposed by Helby
etal. (1987). It was established by the Santonian—Campanian
and ranged up to the Maastrichtian, with a circumpolar
distribution in southern high latitudes (Dettmann and
Thompson, 1987). It is characterized by abundant and
diverse peridinoid dinoflagellate cysts, with intercalary
archeopyles (the archeopyle, a taxonomical important
feature, is the place at which excystment occurs and the term
intercalary refers to the position of the plate that is lost when
the cyst splits). In some Campanian—Maastrichtian localities
(e.g., Sumner, 1992; Caramés et al., 2016) dinoflagellate
cysts and pollen-spores have been used to recognize the
position of the coastline and nutrient supply from the
continent to the marine environment. The P/G ratio
(peridinioid versus gonyaulacoid cysts; Versteegh, 1994) and
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the S/D ratio (sporomorphs or pollen-spores versus
dinoflagellate cysts; Versteegh, 1994) have been applied in
order to infer such palacoenvironmental conditions.

Going back to the terrestrial community, a clear
turnover in pollen taxa is recorded between the Santonian
and Campanian. The most dramatic change is the increase in
abundance and diversity of the Nothofagus group during the
Campanian, not only in pollen record (Nothofagidites) but
also in megafossils such as leaves, wood and reproductive
organs (Cantrill and Poole, 2012). The ancestral pollen
grains Nothofagidites endurus and N. senectus were recorded
from the Late Campanian—Maastrichtian sediments from the
Santa Marta and Snow Hill Island Fms. (e.g., Dolding, 1992;
Keating, 1992). By the Campanian-Maastrichtian in
Marambio (Seymour) and Vega islands, the genus
Nothofagidites was well-represented by species belonging to
ancestral extinct taxa, and also by others that have affinities
with fossil and living species of the brassi-type pollen,
grouped mainly in the Subgenus Brassospora.

By the Maastrichtian, the floras continued to increase in
abundance and diversity, with the Nothofagus group
diversifying further and other angiospermous taxa appearing.
Thus, the Early Cretaceous coniferous (Araucariaceae and
Podocarpaceae) rainforests were modified during the
mid-Campanian by the appearance of Nothofagus, which
rapidly diversified and became an important component of
the vegetation. This changed the aspect of the Late
Cretaceous southern temperate forest flora, with podocarps
and angiosperms being the main canopy elements of the
perhumid, tall open forests, in the Campanian—
Maastrichtian.

Towards the end of the Cretaceous and in the Early
Cenozoic a gradual cooling occurred (Cantrill and Poole,
2012). This climatic deterioration is evidenced in the
dinoflagellate cyst assemblage prior to the K/Pg boundary
(Lopez de Bertodano Fm.) that consisted of dominance of the
peridinioid genus Manumiella spp. (and the closely-related
taxon Isabelidinium) in the latest Maastrichtian (Thorn et al.,
2009). Due to their abundance and diversity within the Late
Maastrichtian, the species of Manumiella are useful
biostratigraphical markers. The genus is typical of relatively
near-shore, inner-shelf marine environments. Peaks in
abundance (acme) of Manumiella recorded within the Lopez
de Bertodano Fm. on Marambio (Seymour) Island, may
indicate short-term regressions and/or ocean cooling prior to
the K/Pg boundary. Similar spikes in abundance of
Manumiella associated with that boundary have been
detected elsewhere (in both Northern and Southern
hemispheres), and have been related to mild cooling and
regression. The Manumiella spike (mostly Manumiella
seelandica) in the Lopez de Bertodano Fm. would be
indicative of a short-term sea-level change prior to the K/Pg,
which favored the habitat preferences of that dinoflagellate
cyst and reflected a change in trophic levels (probably
nutrient-rich surface waters), water temperature or chemistry
(Thorn et al., 2009).
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Moreover, in the uppermost Lopez de Bertodano Fm.
(on Seymour Island), 250 m below the K/Pg boundary, the
dinoflagellate cyst Manumiella seymourensis occurs
together with a great abundance (99% of marine assemblage)
of a small spiny palynomorph, which was originally assigned
to the acritarch genus Micrhystridium. Later it was identified
as the chorate dinoflagellate cyst Impletosphaeridium clavus
by Bowman et al. (2013a, 2013b). In addition to the 1. clavus
acme recognized 250 m below the K/Pg boundary, two extra
abundance peaks have been detected within the 1000 m prior
to the boundary (Bowman et al., 2013a). The three
conspicuous acmes of /. clavus have been linked with the
presence of Antarctic winter sea-ice during cold episodes in
the Maastrichtian, suggesting that temperature could have
influenced the blooms of the parental dinoflagellate, and
hence the 1. clavus acmes. This is based on the fact that no
other marine palynomorph exhibited an abundance pattern
similar to that of /. clavus in the uppermost Lopez de
Bertodano Fm. Nevertheless, Amenabar et al. (2014)
considered that other factors, such as nutrient availability
and physico-chemical properties of marine waters, should be
taken into account in order to understand the cyst peaks. For
example, 1. clavus is well represented (70% of the marine
assemblage) in the Late Campanian—Early Maastrichtian of
the Snow Hill Island Fm., in Ekel6f Point (James Ross Island)
and in Sanctuary Cliffs (Snow Hill Island) (Amenébar et al.,
2014). The I. clavus acme in the Upper Campanian—Lower
Maastrichtian of the above-mentioned sections would be
related to a cold pulse during the Late Cretaceous, but does
not necessarily imply the development of sea-ice cover, as
was proposed for the uppermost Lopez de Bertodano Fm.
Therefore, the Late Cretaceous Impletosphaeridium acme
recorded in high latitudes, could be a combination of cold
and nutrient-rich surface waters that would have favoured
the increase in number of that species (and also other
peridinoid cysts) and finally its dominance in the
palynological assemblages towards to the end of the
Cretaceous (Amendbar et al., 2014).

The latest Cretaceous—Early Paleogene vegetation of
the James Ross Basin remained relatively stable as regards
its overall composition. The floral community consisted of
mixed podocarp-southern beech temperate rainforest
developed under abundant moisture during the Maastrichtian
and earliest Danian (Bowman et al., 2014). Pollen-spore
records show that Antarctic Peninsula vegetation suffered
little at this time of global biotic disturbance as occurred
around the K/Pg boundary elsewhere in the Southern
Hemisphere (Bowman et al., 2014).

The Paleogene (~65-35 Ma) was a period of substantial
climate change, involving Earth’s transition from a
greenhouse to an icehouse state; a transition which was not
gradual but was characterized by warming intervals, e.g., the
Middle Eocene Climatic Optimum (Zachos et al., 2008). The
climatic and tectonic changes that occurred during this
period strongly influenced the distribution of dinoflagellate
cyst assemblages in the Southern Ocean. During the
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Paleocene and the Early Eocene (~65-50 Ma) Southern
Ocean dinoflagellate cyst assemblages were dominated by
cosmopolitan Early Paleogene taxa, while Antarctic-
endemic assemblage (composed of species that are restricted
to latitudes south of 45°S) were rare (Bijl et al., 2013a,
2013b). A distinct switch from cosmopolitan- dominated to
endemic-dominated assemblages occurred around the
Early—Middle Eocene boundary (~50 Ma). In the Middle
Eocene, Antarctic-endemic taxa began to dominate the
dinoflagellate cyst assemblages south of 45°S and prevailed
during the Middle-Late Eocene. It is recognized in Middle
Eocene units, not only in the La Meseta Fm., but also in the
Austral Basin, southern Argentina (Gonzalez Estebenet et al.,
2016). In the latest Eocene, the low-diversity of
dinoflagellate cyst assemblages evidence a drop in water
temperature and a deterioration of the climate conditions
compared to those observed in most of the Eocene.
Particularly notable is the increase of reworked
dinoflagellate cysts of Cretaceous age in the uppermost
Eocene Submeseta Fm. (Warny et al., 2018). Towards the
Eocene/Oligocene transition (~34 Ma) profound global
climatic and oceanographic changes occurred. These
changes were accompanied by a rapid transition from
greenhouse to icehouse conditions that were reflected in the
Antarctic microbiota, both in marine and continental
ecosystems. Close to this transition, the previously
ephemeral ice sheets in the Antarctic interior coalesced,
becoming relatively stable and permanent. This was
influenced by the final opening of the Drake Passage and the
initiation of a deep circumpolar current (Cantrill and Poole,
2012). The Antarctic-endemic dinoflagellate  cyst
assemblage became extinct in the Eocene/Oligocene
transition and was replaced by Oligocene cosmopolitan taxa,
typically heterotrophic species (Family Protoperidinaceac)
with modern analogues living today in sea-ice environments
(Houben et al., 2013). This transition is documented by a
deposit on Marambio (Seymour) Island, which is the earliest
direct evidence for marine-based Cenozoic glaciation on the
Antarctic Peninsula (Ivany et al., 2006). The deposit overlies
the Submeseta Fm. (or Telm 7 of La Meseta Fm.) and is
beneath the Weddell Sea Fm. (Pliocene—Pleistocene). It
consists of a diamict with lower and upper pebbly mudstones
in between. Mudstones above the diamict yield scarce
Oligocene dinoflagellate cyst together with low abundances
of the Antarctic-endemic species and other taxa
characteristic of Eocene/Oligocene transition that disappear
in the Early and earliest Oligocene, respectively. This deposit
is similar in age to the one documented by Warny et al. (2018)
which is located elsewhere on Marambio (Seymour) Island.
Since the Oligocene, ice sheets and glacial dynamics
shaped the Antarctic Peninsula resulting in the reworking of
sediments. Glacial processes increasing in areal extent, with
further cooling towards the end of the Miocene, strongly
reduced the possibilities of finding any indigenous (or in situ,
i.e., penecontemporaneous with deposition) palynomorphs
and so hinder the reconstruction of post-Oligocene marine

and continental environments. Geological evidence for
Neogene glaciation in the James Ross Basin comes from
sporadic terrestrial glacigenic sediments and glaciovolcanic
sequences that are exposed on James Ross Island and
adjacent areas represented by the Hobbs Glacier and
Cockburn Island Fms. together with isolated diamictite
deposits (Sandwich and Leal Bluff) on Vega Island. All these
diamictites yielded abundant reworked Late Cretaceous
dinoflagellate cysts, and some of them also contain scarce
Eocene to Oligocene cysts. Some of them (at Cascade Cliffs
and Hobbs Glacier localities) also contain rare indigenous
dinoflagellate  cysts indicative of the Miocene
(Bitectatodinium tepikiense). Other marine palynomorphs,
such as the acritarch genus Leiosphaeridia and the
dinoflagellate cyst Impletosphaeridium, both recorded in
most of the diamictites, are considered indigenous elements.
Leiosphaeridia indicates the presence of sea-ice and
near-modern climate conditions during the Late Neogene
(Salzmann et al., 2011). The sporadic occurrence of the
sub-Arctic to temperate dinoflagellate cyst Bitectatodinium
tepikiense (in Hobbs Glacier), however, suggests sea surface
temperatures might have been substantially warmer during
some interglacials.

Considering the Cenozoic floral communities, during
the mid-Paleocene mixed forests composed of Nothofagus,
Podocarpaceae and Proteaceae, comparable to the modern
Valdivian rainforests of South America, were developed in
the James Ross Basin, at least until the latest Paleocene
(Warny et al., 2018). In the Late Eocene, the climate began to
cool in relation to declining pCO, levels and Nothofagus
became more dominant in these high southern latitude
forests (Cantrill and Poole, 2012). The interpretation of a
cooling climate across the Eocene/Oligocene transition is
corroborated by the pollen-spore record, which shows a
dramatic decrease in diversity, occurrence and abundance of
continental palynomorphs. The impoverishment of the
palynological assemblage can be seen in the diamictites of
Marambio (Seymour) Island, in Hobbs Glacier Fm. (James
Ross Island), Cockburn Fm. (Cockburn Island), and
diamictites in Vega Island, where sediments are barren of
indigenous pollen-spores or they are scarce. From the
Oligocene to the Pliocene, extremely adverse conditions for
plant growth prevailed in the James Ross Basin, together
with a cyclical glacial-interglacial environment. Thus, by the
Early Oligocene, the Antarctic flora had become more
impoverished, with Nothofagus and Podocarpaceae conifers
probably dominating the canopy, and with pteridophytes,
lycophytes and some bryophytes contributing to the
understory. By the Miocene—Pliocene the vegetation was
probably more similar to the tundra shrub vegetation of
southern South America, supporting local stands of
Nothofagus and a few other angiosperms and conifer taxa
that have been developed in coastal regions (Cantrill and
Poole, 2012). Nevertheless, Salzmann et al. (2011), in the
unsuccessful efforts to find indigenous pollen-spores in the
Early Pliocene diamictites, concluded that, although the lack
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of indigenous terrestrial-derived palynomorphs cannot be
taken as a definite evidence of non-existence of vegetation,
the presence of a Pliocene vegetation cover on James Ross
Island is improbable, even during warm interglacials. Thus,
their assumption supports previous reconstructions of a
permanent ice sheet on the Antarctic Peninsula throughout
the Late Neogene.

3.2 Foraminifers

Reports of foraminifera from the James Ross Basin are
limited to the Cretaceous, Paleogene, Neogene and
Quaternary periods (Table 2).

The calcareous and agglutinated benthic foraminifers
recovered from [Early Cretaceous—Late Cretaceous
sediments belonging to Kotick Point, Whisky Bay and
Hidden Lake formations are scarce (Mcfadyen, 1966; Webb,
1972; Hradecka et al., 2011). However, it should be noted
that few samples of these units were studied. In particular,
the low diversity assemblage recovered from a single sample
of the Hidden Lake Fm., which appears to be richer and more
diverse than the other two units, yielded mainly calcareous
and cosmopolitan taxa. According to the planktonic together
with the benthic species of the genera Lenticulina,
Gavelinella and Valvulineria, the foraminiferal assemblage
was interpreted as indicative of outer shelf to an upper
bathyal environment with a maximum water-depth of
200-300 m (Hradecka et al., 2011).

The Santonian—-Early Campanian Lachman Crags
Member of the Santa Marta Fm., which probably
corresponds to the Alpha Member of Olivero et al. (1986),
was more intensively sampled. It yielded agglutinated and
calcareous cosmopolitan taxa, but an important bias in
preservation conditions was suggested on the basis that
calcareous foraminifera seem restricted to few stratigraphic
levels of tuffaceous sandstones cemented by calcium
carbonate, while agglutinated foraminifera together with
radiolarians occur in sandstone levels in addition to the
tuffaceous sandstone (Florisbal et al., 2013). On the basis of
the consistent occurrences of Gyroidinoides globosus,
deep-neritic to upper bathyal paleo-depths were suggested
(Hradecka et al., 2011; Florisbal et al., 2013).

The Late Campanian and possibly Early Maastrichtian
sediments of the Snow Hill Island Fm., exposed at Ekelof
Point (James Ross Island), yielded agglutinated and
calcareous foraminifera. The Ekel6f Costa section, which
exposes the lower levels of the unit in the area, yielded low
diversity and scarce benthic assemblages mainly composed
of cosmopolitan taxa with long stratigraphic ranges and
well-known Upper Cretaceous global records (Caramés et al.,
2016). A Late Campanian and possibly Maastrichtian age
was based on dinoflagellate cysts, and therefore, the section
would partially cover the upper part of the NG sequence of
Olivero (2012) (Caramés et al., 2016). Outer shelf-upper
bathyal environments, in agreement with the sedimentary
data and with a record of gonyalaucoid cysts of the genus
Impagidinium (indicative of outer neritic and oceanic
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settings), were deduced from the dominance of Bathysiphon
(epifaunal habitat in tranquil bathyal and abyssal settings),
even for the last two fertile samples that yielded high
proportion of Spiroplectammina (an active deposit feeder
that lived at or just below the sediment surface into shelf to
marginal marine environments). Although the abundance of
Spiroplectammina, as well as the S/D and P/G ratios used in
palynology, would favour coastal to inner neritic
environments interpretation, Caramés et al. (2016) have
suggested a deeper environment with a narrow continental
shelf which would have allowed the quick transport
downslope of the terrestrial palynomorphs, the peridinioid
dinoflagellate cysts and the elongate keeled tests of
Spiroplectammina, and their final accumulation in deeper
marine environments.

The Chorrillo Leonardo and Ekeldf Ovest sections
characterize the middle and upper part of the Cretaceous
sequence exposed in the Ekelof Point area. Although both
sections were first assigned to the Santa Marta Fm.,
according to the stratigraphy proposed by Olivero (2012),
they are part of the Snow Hill Island Fm. Their foraminiferal
content was mainly analyzed by Gennari (1997), Concheyro
et al. (1997), and Morlotti and Concheyro (1999) to obtain
paleoenvironmental information. The species list published
by Concheyro et al. (1997) shows assemblages mainly
dominated by agglutinated taxa with a mixture of
cosmopolitan and indeterminate species. According to the
morphological groups recognized in the agglutinated
assemblages, Concheyro et al. (1997) inferred outer shelf to
slope environments. Based on parallel trends of the generic
diversity, the specific diversity and the faunal density along
the two sections, Morlotti and Concheyro (1999) interpreted
stable bottom environments, good availability of nutrients,
bottom water oxygenation and low turbidity. In addition,
according to the distribution of morphogroups, with
dominant epifaunal (mostly omnivores and opportunists)
taxa at the lowest levels and infaunal scavengers increasing
upwards and becoming dominant in the upper part of the
Ekelof Ovest section, a generally very low surface water
productivity that progressively improved was inferred.

There are a few references to foraminifers recovered
from the upper part of the Snow Hill Island Fm. Olivero
(1975) described nine indeterminate agglutinated species
proceeding from near Nordenskjold hut (Refugio Suecia),
northwest of Snow Hill Island. Ronchi et al. (2002) mention
an almost monotypic and abundant assemblage composed of
a very large sized, agglutinated endemic, new taxa,
recovered from an outcrop at Cape Lamb on Vega Island.
Undoubtedly, both assemblages should be studied in more
detail. Huber (1988) records Cyclammina sp. C. complanata
Chapman from sediments of the informal Rotularia 1 unit
(Macellari, 1988). These sediments were originally included
in the Lopez de Bertodano Fm. but currently, based on the
stratigraphy redefined by Olivero et al. (2007), they are
considered the highest stratigraphic levels of the Snow Hill
Island Fm. Regarding the other five species found by Huber
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(1988) from Snow Hill Island, it is not clear if these species
belong to the Snow Hill Island Fm. or the Lopez de
Bertodano Fm., due to the unknown location of the samples.

The Upper Cretaceous and Paleocene marine
sedimentary sequence of the James Ross Basin is included in
the Lopez de Bertodano Fm. The Cretaceous was intensively
sampled and studied by Huber (1988) and yielded one of the
most abundant foraminiferal faunas recognized in the basin,
with assemblages dominated by agglutinated taxa, followed
by calcareous benthic and planktonic species. In contrast, the
revised Paleocene outcrops were limited to few samples and
only a part of them provided foraminifers, mainly calcareous
benthic taxa with only a few Danian diagnostic species. As a
result of the foraminiferal studies carried out in the Lopez de
Bertodano Fm., Huber (1988) found that the biostratigraphic
resolution based on foraminifers for the Upper Cretaceous in
high-latitude regions had particular problems. Among them,
the author highlights the absence of the thermophilic keeled
planktonic taxa used in the correlation of low latitude regions;
the earlier occurrence of some cosmopolitan planktonic
species in the James Ross Basin than in lower latitude
regions; and in the James Ross Basin several benthic taxa,
such as Cyclammina spp., Frondicularia rakauroana
(Finlay), Buliminella spp., Ceratolamarckina cf. C.
tuberculata (Brotzen), Alabamina westraliensis (Parr) and
Planispirillina subornata (Brotzen), predate any other
known record in lower latitudes. According to Huber (1988),
the recovered foraminiferal fauna is a mixture of
cosmopolitan and provincial taxa. The benthic Cyclammina
cf. complanata Chapman, Gaudryina healyi Finlay,
Dorothia elongata Finlay, Karreriella aegra Finlay,
Frondicularia rakauroana (Finlay), Bulliminella creta
Finlay and Alabamina creta (Finlay) were highlighted as
austral taxa by Huber (1992). The austral character of
planktonic fauna is evidenced by the dominance of
rugoglobigerines, hedbergellids and heterohelicids informal
groups, which are also present in Tethyan and transitional
provinces, along with the endemic austral taxa Hedbergella
sliteri Huber and Archaeoglobigerina mateola Huber (Sliter,
1976; Huber, 1992). In regard to the paleoecologic
interpretation, Huber considered that Cyclammina cf. C.
complanata Chapman, Alveolophragmium macellari Huber
and Hyperammina elongate Brady, which are also the most
common foraminifera of the Cretaceous sequence of the
Lépez de Bertodano Fm., were solution-resistant forms, so
he warned about the presence of residual assemblages that
should not be applied with confidence for paleo-
environmental interpretations. Nevertheless, taking into
account high-diversity assemblages that more accurately
represent the biocoenosis, Huber (1988) interpreted inner
neritic settings for the lower 250 m of the sequence on
Seymour Island (the lowest 100 m currently considered as
belonging to the Snow Hill Island Fm. and the remaining
150 m to the Lopez de Bertodano Fm.), and outer neritic
environments for the upper 950 m of the Lopez de Bertodano
Fm.

The presence of foraminifera from the Paleocene Sobral
Fm. was exclusively investigated within its informal Unit 1.
According to Huber (1988), this unit has the first records of
Lenticulina muensteri (Roemer) and Buliminella procera
Huber, as well as some species that have also been recorded
in the underlying Cretaceous and Danian stratigraphical
levels of the Lopez de Bertodano Fm. The first one is known
as an Upper Cretaceous—Danian cosmopolitan species and
the second one, which composes as much as 82 % of the total
assemblage, has an austral distribution and abundant
occurrences from the Maastrichtian to the Eocene in the
Austral Basin, south of Argentina (Malumian and Caramés,
1994). Furthermore, as the latest stratigraphic interval of
the Lopez de Bertodano Fm., the Sobral Fm. yielded the
cosmopolitan ~ Danian  index taxon  Globoconusa
daubjergensis (Bronnimann) (= Globastica daubjergensis in
Huber, 1988). An outer neritic interpretation was based on
foraminifers and sedimentary facies. It is important to point
out that, unlike the Maastrichtian faunas of the Lopez de
Bertodano Fm., the Danian assemblage of the Sobral Fm., as
well as the one recovered from the Lopez de Bertodano Fm.
above the dissolution facies, are dominated by calcareous
benthic foraminifera (see Table 5 in Huber, 1988).

Still  within the Paleogene sequence, whose
foraminiferal fauna until now was only known on Marambio
(Seymour) Island, is the La Meseta Fm. which was described
by Gazdzicki and Majewski (2012) as a “unique insight into
Eocene life in what has become a harsh polar environment”.
In the lowermost section (Telm 1) of the La Meseta Fm., near
the base of the sequence that cuts into the underlying Lopez
de Bertodano Fm., two mainly calcareous benthic
assemblages were described by Gazdzicki and Majewski
(2012). The assemblages were interpreted as typical of
shallow marine nearshore conditions on the basis of the
almost exclusive presence of hyaline taxa characteristic of
inner shelf, marine lagoons and estuarine temperate
environments. In particular, one of the assemblages that is
composed of numerous Cribroelphidium and Lobatula
suggests shallower and more turbid waters (Gazdzicki and
Majewski, 2012). Both assemblages yielded the typical post-
Paleocene genera Globocassidulina and Cribroelphidium,
and the post-Paleocene species Globocassidulina
subglobossa (Brady), Anomalinoides spissiformis (Cushman
and Stainforth), Cibicides aff. ungerianus (d’Orbigny) and
Gyroidina zelandica Finlay. Gazdzicki and Majewski (2012)
also highlighted the similarities in composition among the La
Meseta Fm. and other Eocene foraminiferal assemblages
from New Zealand and South America, all of relatively
shallow water, with Cribroelphidium aft. lauritaense (Todd
and Kniker) and C. aff. saginatum (Finlay), similar to the
known species of the Eocene of Patagonia and New Zealand,
and Guttulina irregularis (d’Orbigny) that was found in the
Agua Fresca Fm. in Chilean Patagonia.

The succeeding units with foraminifera accumulated
during interglacial or glacial periods. The shallow marine
sediments of the Cockburn Island Fm. typify sediments
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accumulated during interglacial warm periods (Gazdzicki
and Webb, 1996; Jonkers et al., 2002). The other units are
considered as glacigenic/glacimarine. Both Cockburn Island
Fm. and the other units yielded benthic foraminifers that are
autochthonous (those that quickly colonized the sediments),
parautochthonous (locally transported in the same
environment) or reworked from older units. Once the
allochthonous specimens are detected, the post-Early
Oligocene foraminiferal assemblages that result are strongly
dominated by calcareous taxa and, although each one has
diverse population structures, their taxonomic compositions
are very similar, including almost all the taxa that are still
common in Antarctica. These Neogene—Quaternary
sediments containing foraminifers have been deposited on
coastal and shelf marine settings. Thus, those shallow-water
paleoenvironments would explain the assemblages’
similarities. Ammoelphidiella has been highlighted as a
conspicuous taxon because the genus ranges only until the
Pliocene. According to Jonkers et al. (2002), two species
have been recorded, Ammoelphidiella sp. nov. restricted to
the Miocene from Hobbs Glacier and Belén Fms., and
Ammoelphidiella antarctica Conato and Segre from Gage
Fm., Ekelof Point diamictite and Cockburn Island Fm.
Nevertheless, these species should be studied in more detail.

3.3 Bryozoans

Bryozoan assemblages of the James Ross Basin are mainly

concentrated in the Cenozoic sediments of the La Meseta Fm.

on Marambio (Seymour) Island (Table 3). They also appear
in other lithostratigraphic units that consist of diamictite
deposits cropping out on James Ross Island. Bryozoans of
the orders Cyclostomata and Cheilostomata have been
reported from the La Meseta Fm. near Cape Wiman in
Telm 1-2 (Gazdzicki and Hara, 1994). The Cyclostomata are
represented by the family Ceriopodidae, and the
Cheilostomata by the anascan family Membraniporidae, the
latter yielding the largest number of specimens.

Other localities on Marambio (Seymour) Island have
been studied in order to find fossil bryozoans. Hara (2001)
described new assemblages collected at eight localities
(ZPAL 1, 5,11, 12, 6, 8, 14 and 3) from the La Meseta Fm.
Among the seven lithofacies defined by Sadler (1988), only
Telm 1, 2, 6 and 7 have bryozoans. Telm 1 at ZPAL 1 bears
the most diverse and abundant assemblage (43 species and
1048 specimens) while Telm 2, 6 and 7 show a remarkable
impoverishment of taxa (4 species and 9 specimens). The
assemblage of Telm 2, indicates stressful marine-estuarine
conditions, while the one obtained from Telms 6 and 7 has
been related to a cooling event that occurred during the Late
Eocene. In contrast to the colonies from Telm 1 that are
well-preserved, those from Telm 6 and 7 show
poor-preservation. The reported bryozoan fauna includes
representatives of Cyclostomata and Cheilostomata, the
former being more abundant. Hara (2001) described two new
genera and 19 new species: Dennisia eocenica gen. et sp. n.,
Reticrescis plicatus gen. et sp. n., Aimulosia lamellosa sp. n.,
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Aspidostoma multiformis sp. n., Aspidostoma pyriformis sp.
n., Aspidostoma taylori sp. n., Celleporaria australis sp. n.,
Celleporaria gondwanae sp. n., Celleporaria mesetaensis sp.
n., Celleporaria ovata sp. n., Ceriopora hemisphaerica sp. n.,
Disporella marambioensis sp. n., Neofungella capitula sp. n.,
Osthimosia globosa sp. n., Reptomulticava clavaeformis sp.
n., Reptomulticava seymourensis sp. n., Retecrisina
antarctica sp. n., Rhynchozoon quadratus sp. n. and
Smittoidea gazdzickii sp. n. Some genera represent the first
record for Antarctica: Ceriopora, Retecrisina, Borgella,
Crassohornera,  Reptomulticava, = Metroperiella  and
Celleporaria. Others, such as Borgella, Neofungella,
Melicerita, Smittina, Smittoidea, Celleporaria, Aimulosia,
Metroperiella, Osthimosia, Reteporella and Rhynchozoon
represent the earliest fossil record of these genera for
Antarctica. Hara (2002) erected a new species of the family
Macroporidae, for massive, multilamellar colonies recovered
from Telm 1 at ZPAL 1. The new species, Macropora
antarctica, represents the oldest record of the genus. Hara
(2015) described zoecial moulds from Telm 1 at ZPAL 2,
belonging to Beania cf. mirabilis, Beania aff. inermis,
Beania sp., ?Vasignyella sp. and ?Malakosaria sp., together
with some specimens of the Family Savignyellidae. The
genus Beania, the Family Savignyellidae, Catenicellidae
and ?Malakosaria present in La Meseta Fm. constitute the
earliest fossil record of these taxa in Antarctica.

The bryofauna from Telm 4 (NRM1 Site) and Telm 5
(Rocket Site, Marsupial Site and Ungulate Site) described by
Hara et al. (2018) and Taylor et al. (2008) consist of
Cyclostomata represented by the family Cerioporidae and
the Cheilostomata families such as Microporidae,
Lunulitidae, Otionellidae and Brydonellidae. The last ones
are represented by new species such as Micropora
nordeskjoeldi,  Lunulites ~ marambionis,  Otionellina
antarctica, Otionellina eocenica and a new genus and
species of an encrusting bryozoan with a different
umbonuloid frontal shield, Uharella seymourensis. This
species along with a biostrome of Smittina sp., have been
recorded from Telm 6 (Localities ZPAL and TAA 1/93),
while Telm 7 (Localities ZPAL 3 and DPV 13/84) yields few
specimens of  ?ldmidronea sp., Celleporaria
mesetaensis, ?Goodonia sp. and Reticresis plicatus (Hara,
2001; Hara et al., 2018).

Regarding the association of colonial morphotypes,
Hara (2002, 2015) and Gazdzicki and Hara (1994) made
inferences about the paleoenvironment of the La Meseta Fm.
based on the close relation between the colonial growth
forms and various environmental factors (Nelson et al., 1988;
Hageman et al., 1998). Many colonial growth forms have
been documented, the dominants being the cerioporid and
celleporiform types. Less abundant zoarial forms are
membraniporiform, adeoniform, reteporiform, retiform,
petraliform, catenicelliform and very few cellariform and
crissiid colonial types. The occurrence of all these growth
forms suggests shallow waters with a low rate of
sedimentation, hard substrate and moderate or strong bottom
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currents for the La Meseta Formation.

The ?Late Miocene Hobbs Glacier Fm., at Rabot Point
(James Ross Island) yields bryozoan colonies belonging to
Cyclostomata and Cheilostomata represented by Disporella,
Microporella, a species with affinities with Dengordonia, an
indet. species of a celleporoid and an indet. Cheilostomata
species (Pirrie et al., 1997b). In the same unit, but at
Hamilton Point (James Ross Island), Concheyro et al. (2007)
reported bryozoan encrusting and erect colonies of
Microporella,  Melicerira,  Hornera,  Polirhabdotos,
Membranicellaria and one species showing affinities with
Cellarinella stellaepolaris, being the last three of the oldest
records for the James Ross Basin.

Marenssi et al. (2010) mentioned the presence of
bryozoan colonies encrusting a metamorphic rock clast from
a diamictite that crops out on Marambio (Seymour) Island.
This unit, assigned a Late Miocene age by fossil content and
isotopic studies, belongs to the Hobbs Glacier Fm.

The Late Pliocene Cockburn Island Fm. at Cockburn
Island, yields encrusting bryozoan faunas represented by at
least 14 families of Cheilostomata and Cyclostomata

(Hennig, 1911; Hara and Crame, 2010). The Weddell Sea Fm.

on Marambio (Seymour) Island is also Late Pliocene in age,
and an encrusting unilamellar, fan-shaped colony of
Escharella has been described by Gazdzicki et al. (2004),
being the first record of this genus for Antarctica.

On Vega Island, the Cape Lamb diamictite deposits,
dated as Pleistocene, yield a bryozoan assemblage
characterized by encrusting colonies that include 4 species of
Cheilostomata of the families Calloporidae, Microporidae,
Hippothoidae, Microporellidae and 1 Cyclostomata of the
family Crisiidae. The presence of Microporella stenoporta,
Hippothoa flagellum, Ellisina antarctica and Micropora
notialis constitute the first record of these bryozoan taxa in
Cenozoic diamictites of the Antarctic Peninsula (Adamonis
et al., 2015). This fossil fauna resembles the one reported
from the Pliocene Cockburn Island Fm. (Hara and Crame,
2010) as well as the recent assemblage registered from
Admiralty Bay, King George Island, South Shetlands (Pabis
etal., 2014).

4 Final considerations

The comprehensive review presented herein reveals that a
considerable number of palynological and micropaleontological
studies have been carried out on the James Ross Basin over
more than 100 years.

Most researches undertaken in the basin has been
palynological studies of sedimentary rocks of Jurassic to
Pleistocene age. Studies regarding foraminifera follow those
of palynology and comprise records from Lower Cretaceous
to Pleistocene sediments. Lastly, bryozoan research is
limited to Cenozoic deposits.

The large number of localities that have been studied in
order to recover palynomorphs may be due in part to the fact

that pollen-spores and dinoflagellate cysts are frequently
more abundant in sediments than most other microfossils.
Palynomorphs are generally well preserved in all type of
sediments with fine silt or clay matrix that is usually
appropriate for good preservation of organic-walled
microfossils, but highly oxidizing conditions in some
continental deposits can cause their destruction. On the other
hand, biogenic minerals such as calcium carbonate and silica
of the skeletal parts of foraminifers and bryozoans are
susceptible to dissolution, leading to a poor representation of
their assemblages and consequently underrepresenting the
original faunas.

Among the disciplines here summarized, palynology is
currently the only one that provided information about the
Upper Jurassic of the basin. Therefore, the search for
foraminifera should be intensified. Palynological data were
essential for reconstructing the Early Cretaceous paleo-
geography and also allowed the comparison with other
southern high latitude regions. The limited information on
foraminifera for this period indicates dissolution problems,
but the scarcity of studies could also be responsible for the
lack of their records. If the search for foraminifera was
intensified, the findings could provide relevant paleo-
environmental information, such as in the case of the Lower
Albian of the Austral Basin (Patagonia, southern Argentina),
where the high planktonic content of foraminifera and
calcareous nannoplankton, along with some benthic
foraminifera, have revealed high productivity waters and
deficient oxygen conditions of the seafloor (Malumian,
1990).

In general, dinoflagellate cysts proved to be good
indicators for productivity and/or nutrient availability,
surface water temperature or chemistry, the position of
ancient shorelines and paleoceanographic trends. Pollen
and spores allowed reconstruction of the floral
community and thus characterization of the climate that
prevailed in the continent. Foraminifera provided
information about the bathymetry, showing different
marine settings (e.g., coastal, inner neritic, outer shelf,
upper bathyal) in different localities. The bryozoan
colonial growth forms reflected several environmental
factors such as shallow waters with a low rate of
sedimentation, hard substrate and a moderate or strong
current action on the Antarctic sediments. This proves
that interdisciplinary studies have clear advantages. For
example, for the Santonian—Campanian of the Lachman
Crags Member of the Santa Marta Formation, Florisbal
et al. (2013) interpreted a sub-bathyal neritic
environment based on the calcareous foraminifera fauna
in a section showing a strong bias in the microfossil
preservation at some of the levels. The presence of the
ostracod Majungaella confirmed the shelf environment
with warm waters and normal salinity. Whereas, the
record of agglutinated foraminifera along with the first
radiolarians described for the James Ross Island region
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at other levels, suggests a Late Cretaceous age. By the
same token, an integrated analysis of dinoflagellate cyst
and foraminifera conducted in Late Cretaceous strata of
Ekel6f Point has produced good results. The
dinoflagellate cysts allowed proposing a Late Campanian
and possibly Maastrichtian age, while the foraminifera
supported outer shelf-upper bathyal environments with a
narrow continental shelf.

The microbiota changes triggered by environmental
variations that occurred during Mesozoic and Cenozoic
times in the James Ross Basin can be synthesized as follows.

From the Late Jurassic up to Late Cretaceous (Early
Maastrichtian), the dinoflagellate cyst assemblages had a
wide distribution in southern, high latitude, oceanic regions
and resemble Australian assemblages. At the end of the
Cretaceous (latest Maastrichtian) and in the Early Cenozoic a
gradual climatic decline occurred which is evidenced by
dinoflagellate cyst assemblages dominated by peridinioid
species of the genera Manumiella spp.

The Paleocene and Early Eocene dinoflagellate cyst
assemblages were dominated by cosmopolitan taxa with a
small number of Antarctic-endemic species. But in the
Middle Eocene, this trend is reversed, with Antarctic-
endemic taxa dominating the assemblages of several
circum-Antarctic sites. Their distribution reflects an
ocean-circulation pattern characterized by wide clockwise
gyres surrounding Antarctica that were disrupted by the
opening and deepening of the Tasmanian and Drake passages
towards the Eocene/Oligocene transition. In general, during
the Paleogene, the assemblages suffered a gradual species
turnover, showing a decrease in the number of species since
the Oligocene up to the present.

Latest Maastrichtian foraminifera fauna was dominated
by abundant agglutinated taxa together with calcareous
benthic and planktonic species. During the Cretaceous/
Paleogene transition, the high calcareous dissolution
prevented evaluation of the changes in the foraminiferal
fauna. Upwards, in the Danian, the foraminiferal assemblage
only provided scarce calcareous benthic taxa with few age
diagnostic species. Eocene foraminifera assemblages,
different from all the preceding ones, have a similar
composition to those of South America and New Zealand.

During the Eocene, the bryozoan fauna shows a
decrease in richness and abundance linked with the advance
of cooler conditions that prevailed towards the Late
Eocene/Oligocene.

Neogene sediments yielded very scarce indigenous
palynomorphs and foraminifera, whereas the fossil
bryozoans, although scarce, are autochthonous.

During the Early Cretaceous, the floral community of
the James Ross Basin was represented mainly by conifers.
The first occurrence of Nothofagus in the mid-Campanian,
changed the appearance of the southern forest flora,
composed equally of gymnosperms and angiosperms. The
latest Cretaceous—Early Paleogene vegetation remained
relatively stable in overall composition, and by the
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Oligocene the flora became impoverished but with
Nothofagus and Podocarpaceae remaining as dominant taxa.
The Miocene and Pliocene flora was similar to the tundra
shrub vegetation that develops today in southern South
America.

Due to the sporadic nature of the outcrops, the study of
several disciplines is essential to provide a complete
biostratigraphic framework, to reconstruct past environments
and to outline paleogeographic schemes. Thus, it would be
advisable to conduct an interdisciplinary fieldwork program
in order to obtain different microfossils from the same
sections and outcrops. This approach will allow a more
detailed reconstruction of the marine and continental
microbiota of the Mesozoic and Cenozoic of the James Ross
Basin.
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