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         
     

  12    1

1aboratrio de Paleoecoloia eetal eartamento de eoloia e 
Paleontoloia se Nacional niversidade ederal do io de aneiro 
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anscri receied n eceer   acceed r icain n anar  


o better nderstand the aleoenvironments of the lower-middle Santonian dinocyst data were obtained 
from the Santa arta ormation arsen Basin ames oss Island Antarctic Peninsla. his stdy rovides 
the ¿rst available quantitative dinocyst data for the Santa Marta Formation, which should more clearly reÀect 
detailed changes in paleoenvironments, as recorded by Àuctuations in diversity and abundance. To record 
the Santonian dinocyst assemblaes from the arsen Basin 30 samles from an otcro of the achman 
Cras ember (C section) were analyzed. hese assemblaes are dominated by eridiniacean dinocysts 
tyical of the saeidini Àora. A lower-middle Santonian age was determined after the recognition of 
dnciina riera and saeidini creace zones. Cluster analysis based on quantitative data, 
yielded ¿ve dinocyst assemblages: aniea eersaeridi Cadrea saeidini
and dnciina. wo Santonian blooms saeidini and dnciina reconized in other reions 
were also recorded in the stdied section. he stratirahic distribtion shows an alternation between the 
assemblaes distinishin in the section si intervals. he hih abndance of the aniea assemblae 
at the ermost interval of the section reresents the shallower settin whereas the hih abndance of 
dnciina at the middle art of the section reresents the deeest settin.

  Santonian dinocysts Antarctica Cretaceos Santa arta ormation dinocyst blooms.



he arsen Basin contains one of the most etensive 
marine Cretaceos sccessions (Albian-Camanian) 
in the Sothern emishere (rancis et al. 2006). 
inocyst assemblaes from the Santa arta ormation 
(Santonian-Campanian) show signi¿cant differences in 

abndance and diversity in the sccession. hey show 
a distinct aleoenvironmental distribtion attern for 
the Santonian interval. his interval is characterized 
by saeidini Àora (Dettman and Thomson 
1987) tyical of near-shore conditions. owever the 
dinocyst assemblaes sed for aleoenvironmental 
interretations differentiate between a more roimal 
and deeer settin in this section.
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In this stdy we sed clster analysis to 
determine assemblaes for the lower-middle 
Santonian section of the Santa arta ormation. e 
also used ecological indices (diversity, equitability 
and dominance) to obtain a more detailed 
reconstrction of the aleoecoloy and deositional 
environments. he followin isses are addressed 
in this study: 1) quantitative and qualitative 
comosition of dinocysts from the Santa arta 
ormation and aleoecoloical interretation of the 
assemblaes 2) timin of the bloom of dinocysts 3) 
the relationship between sea-level Àuctuations and 
the comosition of dinocyst assemblaes and ) 
reconstrction of lower-middle Santonian dinocyst 
assemblaes based on their stratirahic distribtion 
to deciher the controllin mechanisms.

 

OCAION

he arsen Basin is a maor sedimentary basin on 
the eastern side of the Antarctic Peninsla (i. 1). 
his basin was develoed in a bac-arc settin with 
resect to a volcanic arc formed by the sbdction 
of a proto-Paci¿c oceanic crust beneath Gondwana 
(acdonald et al. 1988 athway 2000). he 
oenin of the eddell Sea may have been 

responsible for the oblique extension along the 
eastern marin of the Antarctic Peninsla volcanic 
arc and may have inÀuenced the evolution of back-
arc sedimentary basins from the ate rassic to the 
ate Cretaceos (Storey and Nell 1988 Storey et 
al. 1996). he arsen Basin sbsidence bean in 
the rassic as a reslt of continental riftin drin 
the early staes of the brea of ondwana and its 
sediment ¿ll was wholly derived from the volcanic 
arc. he northern art of the arsen Basin was 
de¿ned as the James Ross Sub-basin by Del Valle 
and orcade (1992). he volcano-sedimentary 
sequences are best exposed on and around James 
oss Island (i. 1) where a nearly comlete 
Atianocene sccession cros ot.

SANA AA OAION

he Santa arta ormation was oriinally 
sbdivided informally into Alha Beta and 
amma members (Olivero et al. 1986) however 
de to reat lithostratirahic similarity between 
the Alha and Beta members Crame et al. (1991) 
mered these members into one and denoted 
them as the achman Cras ember. he 
amma ember was renamed as the erbert 
Sond ember.

  - ocation ma showin the stdied otcro of the achman Cras ember.
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he Santa arta ormation comrises 
interbedded sandstones siltstones mdstones 
and tffs with accretionary lailli and rare 
conglomerated sand coquinas (Crame et al. 2006). 
hese deosits accmlated in a marine inner to 
outer shelf below a storm wave base with signi¿cant 
volcaniclastic sly (Pirrie et al. 1991).

Crame et al. (1991) formally divided the Santa 
arta ormation into three members: the lower 
achman Cras ember and the er erbert 
Sond ember which cro ot in northwest ames 
oss Island and the abot ember in sotheast 
ames oss Island. he achman Cras ember 
which is the focus of this study, is a sequence of 
sandstones and biotrbated silty sandstones and 
mdstones with a settin ranin from mid-shelf 
to oter shelf (Pirrie 1989 Crame et al. 1991). his 
member has been dated sin mollscan fana 
and dinoÀagellate cysts, which indicate an early 
Santonianearly Camanian ae (Crame et al. 
1991 eatin 1992). owever more recent stdies 
sest that the ConiacianSantonian bondary 
is within the lower 150 m of the achman Cras 
ember (cArthr et al. 2000) hence a late 
Coniacianearly Camanian ae is liely.

Accordin to Crame et al. (1991) the achman 
Crags Member is equivalent to the Alpha and Beta 
members reorted by Olivero et al. (1986). In a 
recent stdy Olivero (2011) sested a reressive 
sequence for the Alpha and Beta members of the 
Santa arta ormation.

  

he 30 samles analyzed in this stdy were collected 
from an otcro belonin to the achman Cras 
ember (SantonianCamanian) Santa arta 
Formation, during ¿eldwork (2006/2007) by a 
team from the National sem of the ederal 
niversity of io de aneiro (). he achman 
Cras section (C) analyzed in this stdy is 50-
m thic (i. 2). It is essentially a monotonos 
sccession of intensely biotrbated sandstones 

siltstones and mdstones. herefore the section is 
represented by one facies association. A signi¿cant 
roortion of the elitic layers may in fact be 
altered volcanic tffs as sested by the hih 
amont of carbonized wood framents. At the 10.5-
m level, the section is composed of ¿ne sandstone, 
lare fossilized wood framents of  to  m in 
lenth and carbonate concretions with diameters 
ranin from 0.5 to 2. m conformable with the 
beddin lane (i. 2). Pirrie (1987) ositioned this 
concretion horizon aroimately 90 m above the 
base of the arambio ro. hese concretions 
also contain ammonites bivalves well-reserved 
lants and bioenic debris. he C section is 
located in the area where Olivero (2011) de¿ned 
the Alha and Beta members and seems to be 
related to the basal art of the Alha ember iven 
the similarity of the facies and the occrrence of 
carbonized lants and lare tree trn framents.

he samles were reared at the aboratrio 
de Paleoecoloia eetal se Nacional 
niversidade ederal do io de aneiro in io de 
aneiro sin the standard Petrobras method of 
alynoloical rearation comiled by esi 
(1979) based on the methods develoed by rdtman 
(193 1969) and aeri and Iversen (1966) amon 
others. In this method the mineral constitents are 
destroyed by hydrochloric and hydroÀuoric acids 
before heavy-liquid separation. The remaining 
oranic matter was sieved throh a 10-m 
mesh rior to montin on slides. he samles 
were analyzed nder transmitted liht and ble 
Àuorescence microscopes. The analysis was based 
on the ¿rst 200 palynomorphs counted for each slide. 

he aleoenvironmental interretation was 
supported using the association of dinoÀagellate 
cysts (dinocysts) revealed by clster analysis. 
Clster analysis based on abndance and 
comosition was emloyed to establish roins 
and to reconize the relationshi between taa 
(alynoloical analysis). he reslts are dislayed 
in dendrorams.
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  - Lithological pro¿le of Lachman Crags section (LC). Photos showing the LC section.
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Diversity (Shannon-Weaver), equitability and 
dominance indices were calclated for all of the 
samles sin the PAS software. he Shannon-
eaver diversity (S) which taes into accont the 
abndance of each secies was sed to characterize 
the diversity of the assemblages. The equitability 
inde or evenness was calclated to describe the 
equity within assemblages. The evenness equals 
1 if the abundances of all species are equal and 
aroaches zero if one secies dominates the 
assemblae. ominance sally rodces the 
oosite attern in the diversity inde. ih vales 
of dominance are sally associated with a domain 
of a secies or even a ro that has taen advantae 
of nfavorable conditions in the environment.

he eridinoid to onyalacoid (P/) ratio or 
heterotrohic/atotrohic ratio introdced by arland 
(1973) was also emloyed to reconstrct the chanes 
in rimary rodctivity in the eoloic ast (e.. 
shet et al. 199 ersteeh 199 Brinhis et al. 
1998). A peridinioid-dominated assemblage reÀects 
low salinity and ntrient-rich conditions (aminsi 
1995) related to near-shore environments. In contrast 
low vales of the ratio i.e. onyalacoid-dominated 
assemblaes indicate oen marine environments. he 
ratio is sed herein in the manner described by ersteeh 
(199) whereby P/  nP/(nPn) where n  the 
nmber of secimens conted P  rotoeridinioid 
dinoÀagellate cysts (P-cysts) and G = gonyaulacoid 
dinoÀagellate cysts (G-cysts).

he continental/marine (C/) ratio sed 
herein was also described by ersteeh (199). he 
ratio of continental to marine alynomorhs (C/) 
is calclated as C/  nC/(nCn) where n  the 
nmber of secimens conted C  sores  ollen 
rains and   dinocysts  acritarchs. he ratio 
was sed in this stdy to reconstrct the chanes in 
terrestrial ints to the basin.



wenty-two secies of dinocysts were reconized 
in the samles (Aendi). he dinocyst assem-

blae was dominated by eridinioid dinocysts 
and demonstrated close af¿nities with Austral 
forms (i. 3). saeidini was the most 
abndant dinocyst ens in the stdied section 
and the abndance crve showed low oscillation 
(i. 6). ettman and homsom (1987) inclde 
saeidini as one of four suggested dinoÀagellate 
Àora for the Antarctic Cretaceous and date the 
saeidini Àora as Santonian.

he diversity inde (S) varied from 0.38 to 
2.59 taa with an averae of 2.02 whereas the 
equitability (J) varied from 0.35 to 0.93, with an 
averae of 0.82. hese indices demonstrate a rich 
dinocyst assemblae which is not ncommon 
for Santonian deosits at ames oss Island. he 
dominance inde varied from 0.10 to 0.82 (averae 
0.20) reinforcin the resence of moderate to hih 
diversity. he hih vales for dominance coincide 
with dnciina eas.

A ASSSSN

he dinocyst assemblaes are tyically for the 
Astral reion. elby et al. (1987) roosed a 
dinoÀagellate biozonation for the Late Cretaceous 
of Australia and de¿ned superzones and zones 
(i. ). he same zonal scheme was alied in 
this stdy. wo biozones were reconized in the 
C section namely dnciina riera and 
saeidini creace biozones (i. ) both of 
which are assined an early to middle Santonian 
ae in the stdied section.

he base of the dnciina riera one is 
de¿ned by the oldest occurrence of dnciina 
riera, and the top is de¿ned by the oldest 
occrrence of saeidini creace he 
sested ae for the dnciina riera one 
is early Santonian. he base of the saeidini 
creace Zone is de¿ned by the oldest occurrence 
of saeidini creace  aniea creacea 
and its top is de¿ned by the oldest occurrence of 
esniea aceras its ae is sested as middle 
to late Santonian.
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The late Santonian age is not con¿rmed herein 
becase esniea aceras was not recorded in the 
stdied section.

PAONIONNA INPAION

Clster analysis was sed based on the ercentae of 
dinocyst genera and revealed ¿ve dinocyst assemblages 
(i. 5) desinated by their most dominant taa. he 
assemblaes are aniea eersaeridi 
Cadrea saeidini and dnciina.

he aniea assemblae (averae of 16.8 
of the dinocyst assemblaes) is comosed only of 
aniea and inni enera the former 
which maes  an averae of 16.7 of all of the 
dinocysts. he eersaeridi assemblae is 
comosed of eersaeridi isaeridi 
sricdini and Ccneei (averae 
of 10. of all dinocyst assemblaes). he 
Cadrea assemblae has the lowest 
abndance (5. of dinocyst assemblaes) 

  - The relevant dinocysts identi¿ed in the studied section: ) Ccneei s. ) isaeridi s 
) csaeridi s. ) dndciina riera ) Caaniea icriensis ) inni nesnense 
) saeidini s. ) Cadrea s. ) Aidiadea s. ) inieries s. ) isaeridi
cerri ) eersaeridi s. ) aniea creaceae. 
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  - ) Smmarized zonation from saeidini Serzone for Astralian esozoic alynoloy from elby et al. 1987. 
) The stratigraphic distribution of dinoÀagellates recorded in the studied succession. In gray the guide-species.

it is comosed only of Cadrea and 
rcsa enera.

he saeidini assemblae is comosed only 
of saeidini and Caaniea enera it is the 
second most abndant assemblae with an averae 
of 30.7 of the total dinocysts. he most abndant 
assemblae is dnciina (36.) it is comosed 
of dnciina csaeridi Circdini 
inieries and Aidiadea. esite bein more 
abndant when comared to saeidini assemblae 
the dnciina assemblae has a hiher standard 
deviation (18.7 vs. 21.7) which indicates a less 
consistent stratirahic distribtion alon the section.

aeenirnens and aeec in e 
er annian

In the lower Santonian three intervals are 
characterized on the basis of the alternation of the two 
assemblages (Fig. 6). The ¿rst and third intervals, 
i.e. at the base and the to of the stdied section 
are dominated by the saeidini assemblae. 
saeidini have been sed as indicators of inner 
neritic conditions (e.. ettman and homson 
1987 eatin 1992 horn et al. 2009 Arai and 
iviers 2013) and sest that terrienos ints 
revailed drin this eriod. his is also imlied by 
the hih C/ ratio vales (i. 6).
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An saeidini bloom was recorded by Arai 
and iviers (2013) for the Santos and Camos basins 
in Brazilian marins. hese researchers sest 
hih rnoff as the case of the saeidini bloom. 
In the stdied section the diversity indices reach 
an averae of 2.0 in only one samle (  2.6 at 
1. m) (i. 6) corresondin to an increase in the 
ercentae of the eersaeridi assemblae 
and a decrease in ercentae of the saeidini
assemblage. The equitability, however, remains 
stable and above averae.

he hih abndance of saeidini secies 
in the lower Santonian indicates in eneral 

an inner neritic deositional environment with 
considerable terrigenous inÀuence (Fig. 7a-b). This 
aleoenvironmental interretation is sorted by 
the ternary diaram (cf. yson 1993 1995) (i. 7b). 
he ternary diaram in which interval oints are 
dominated by saeidini concentrates on the 
near-shore ¿eld (Fig. 7b).

he clster analysis of dinocyst assemblaes 
after data normalization for slfr  (salinity) total 
oranic carbon (OC) P/ (rodctivity) and C/ 
(rnoff) ratios (i. 7c) revealed that the saeidini
assemblae is related to OC. his indicates that 
oranic matter robably has a terrestrial oriin.

  - Dendrogram (r-mode) of 15 dinocysts genera from the studied section showing the ¿ve assemblages. Names in bold is 
the name of assemblae.
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  - Stratirahic distribtion of dinocyst assemblaes and ecoloy indices and ratios. Abbreviations: C/ continental/
marine palynomorphs, P/G= peridinioid to gonyaulacoid dinoÀagellates cysts. Dashed line = average values.
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 7 - ) etailed stratirahic colmn showin the sccession of assemblae dominance. Paleobathymetry inferred 
from the assemblae data. S  shallow and   dee. ) ernary diaram showin the intervals and the dominant assemblaes. 
) endroram (r-mode) of the assemblaes and salinity from the Slfr carbon oranic total (CO) rodctivity from the P/ 
ratio and rnoff from the C/ ratio. ) endroram of the dinocyst assemblaes.

At a deth of 20 m a maor environmental 
chane is inferred on the basis of the hih abndance 
of dnciina. In fact the dnciina 
riera consicosly dominates the dinocyst 
assemblae. he hih abndance of dnciina 
riera coincides with the ¿ndings of Barreda et 
al. (1999) also on ames oss Island.

Lower values of diversity, equitability and 
C/ ratio are indicated in this interval (i. 6). A 
prominent dominance peak reÀects the dnciina
assemblae domain. As for the saeidini 
assemblae the bloom of dnciina was also 
recorded by Arai and iviers (2013) in the lower 
Santonian. his demonstrates that the blooms robably 
had a wider eorahic scale. oreover Arai and 
iviers (2013) related the decrease in continental 

ntrient sly to this bloom and sested a 
more distal environment (middle neritic) comared 
to the saeidini bloom. he sdden decrease 
observed in the C/ crve sests the same attern 
for ames oss Island. owever dnciina has 
been sed as an indicator of inner/restricted marine 
environments (e.. ister and Batten 1988 Abdel-
ireem et al. 1996 Cortinat 1993). Sien and 
Vašíček (2002) included dnciina in the salt-
marshy aleoenvironment ro (restricted shallow 
marine). Moreover, an existence of a monospeci¿c 
assemblae is sestive of restricted environmental 
conditions (Saniori et al. 2008).

In this interval the ternary diaram shows that 
the oints are concentrated in the microlanton 
apices, reÀecting a more marine condition (Fig. 7b). 
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his condition is sorted by the dendrorams 
shown in ire 7c where the dnciina 
assemblae is associated with moderate slfr .

aeenirnens and aeec in e 
idde annian

hree intervals are also reconized in the middle 
Santonian (i. 6) these intervals contained for 
assemblaes: eersaeridi  Cadrea 
saeidini and aniea.

The ¿rst interval is characterized by moderate 
vales of dinocysts from the eersaeridi and 
Cadrea assemblaes. his association 
is sorted by the clster analysis shown in 
ire 7d. he eersaeridi assemblae is 
comosed of tyical onyalacoid dinocysts. In 
eneral the onyalacoids esecially chorates 
indicate shelf environments with normal salinity 
conditions (e.. ozzhenniova 1965 Scll et al. 
1966 illiams 1977 aan 1980 Sareant et al. 
1987). Nevertheless accordin to Bcefalo-Palliani 
and idin (1998) the Cadrea ens 
comrises chorate dinocysts that also indicate an 
inshore environment. his sorts the slihtly similar 
trend between the eersaeridi assemblae
and the Cadrea and saeidini
assemblaes (i. 7a b). he eersaeridi and 
Cadrea assemblaes are associated with 
the P/G ratio (Fig. 7c); low values of the ratio reÀect a 
hih abndance of onyalacoids.

he ternary diaram (i. 7b) of the ee
rsaeridi and Cadrea assemblae 
oints are slihtly more concentrated in the 
middle art of the ternary which cold sest 
a slihtly more distal environment in relation 
to the saeidini assemblae. Barron et al. 
(2010) sested that Cadrea secies 
are indicators of oliotrohic waters which may 
reÀect a paleoenvironment further away from the 
terrienos sorce.

he second most abndant dinocyst in the 
eersaeridi assemblae was Ccneei

(.2 of all dinocysts) which has also been 
interreted as an indicator of inner neritic conditions 
(ownie et al. 1971 Brinhis and achariasse 
1988 ister and Batten 1988).

he second interval is comosed of only two 
samles and the saeidini assemblae is 
dominant (i. 6).

he third interval shows the consicos 
dominance of the aniea assemblae 
(i. 6). aniea is often associated with 
saeidini (e.. horn et al. 2009) becase 
both are indicators of relatively near-shore inner 
shelf marine environments. In fact the ternary 
diaram in ire 7b shows that this interval 
is dominated by aniea secies and the 
oints are concentrated at the sore aices. he 
dendroram also sorts the conclsion that the 
third interval reresents the shallowest condition 
of the entire section. he aniea assemblae 
is associated with hih rnoff as indicated by the 
C/ ratio (i. 7c).

Stdies of aniea (e.. abib and Saeedi 
2007 horn et al. 2009 ohamed and areich 
2013) sest a reference for more temerate 
conditions. oreover the hih abndance of 
aniea coincides with sea-level chanes 
associated with reressive eriods (e.. Asin 
1988 abib and Saeedi 2007 horn et al. 2009 
ohamed and areich 2013). he hih vales of 
aniea C/ ratios and P/ ratios and the low 
values of diversity in the third interval (Fig. 6) reÀect 
the shallow marine condition of the stdied section.



he followin conclsions were drawn from the 
reslts of the dinocyst assemblae and ecoloy 
indices of the C section:

Clster analysis of the lower-middle Santo-
nian dinocyst records from the achman 
Crags Member yields ¿ve cyst assemblages: 
saeidini dnciina eersaeridi 
Cadrea and aniea.



An Acad Bras Cienc (2015) 87 (3)

 SSAN P. CASO and ACO A. CAAO

In eneral the lower-middle Santonian 
sequence typi¿es Austral assemblages. It is charac-
terized by moderate to hih secies diversity and 
equitability, and the most abundant dinocysts are 
eridiniacean. his dominance is associated with 
the dnciina assemblae and may be related 
to the hiher salinity interval.

he aniea assemblae is associated with 
shallow marine conditions.

he aleoenvironment varies from inner 
neritic with hih rnoff to middle neritic.


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Aerfeioamento de Pessoal de Nvel Serior 
(CAPS) scholarshi to S.P. Castro by the Conselho 
Nacional de Desenvolvimento Cientí¿co e Tecnológico 
(CNPq) grant no. 301573/2013-1 to M. Carvalho, the 
Fundação Carlos Chagas Filho de Amparo à Pesquisa 
do stado do io de aneiro (AP) rant no. 
-26/103.028/2008 to . Carvalho. e than Petrobras 
eoloist r. itsr Arai for his valable sestions 
abot dinocyst ecoloy. e than the anonymos 
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

Para entender melhor os aleoambientes do Santoniano 
inferior-mdio dados de dinocistos foram obtidos da 
ormao Santa arta Bacia arsen ilha ames oss 
Pennsla Antrtica. ste estdo fornece os rimeiros 
dados quantitativos de dinocistos para a Formação de 
Santa Marta, que reÀetem de forma mais detalhada 
as mdanas aleoambientais reistradas a artir das 
curvas de Àutuações de diversidade e abundância. Para 
reistrar as assembleias de dinocistos do Santoniano 
da Bacia do arsen foram analisadas 30 amostras de 
um aÀoramento do Membro Lachman Crags (Seção 
C). stas assembleias so dominadas or dinocistos 
peridinióides típicos da Àora saeidini. As idades 
osantoniano e esosantoniano foram determinadas 
as o reconhecimento das zonas dnciina riera
e saeidini creace. Anlise de aramento 

com base em dados quantitativos produziu cinco 
assembleias de dinocistos: aniea eersaeridi 
Cadrea saeidini e dnciina. as 
Àorações santonianas de saeidini e dnciina 
reconhecidas em outras regiões, também foram registradas 
na seção estudada. A distribuição estratigrá¿ca mostra 
uma alternância entre as assembleias, dividindo a seção 
em seis intervalos. A abundância elevada da Assembleia 
aniea no intervalo serior da seo reresenta 
o ambiente marinho mais raso, enquanto que a alta 
abundância da Assembleia dnciina na arte mdia 
da seo reresenta m ambiente marinho mais rofndo.

 inocistos santonianos Antrtica 
Cretáceo, Formação Santa Marta, Àorações de dinocistos.
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