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11. OLIGOCENE DEEP-WATER AGGLUTINATED FORAMINIFERS AT SITE 985,
NORWEGIAN BASIN, SOUTHERN NORWEGIAN SEA?

Michael A. Kaminski? and William E.N. Austin®

ABSTRACT

The stratigraphic distribution of deep-water agglutinated foraminifers was examined using 50 samples from Ocean Drilling
Program (ODP) Hole 985A, drilled on the gentle slope of the Iceland Plateau in the Norwegian Basin. A total of 40 species and
generic groupings was determined in this study. Three stratigraphically meaningful assemblages are recognized in Hole 985A:

a basal assemblage with coarsely agglutinated forms (Cores 162-985A-62X through 50X), a Spirosigmoilinella compressa
assemblage (Cores 162-985A-49X through 40X), and a sparse assemblage with pyritized radiolarians in the uppermost part of

the studied interval (Cores 162-985A-39X through 32X). The whole succession from the base of Hole 985A to Core 162-985A-

32X ishereassigned to the Dorothia siegliei-Rotaliatina bulimoidegone of Oligocene age. The stratigraphic ranges of several

species extended into younger strata compared with biostratigraphic records from the Varing Slope (ODP Hole 643A) and from
an exploration well on the Vgring Plateau.

Taxonomic differences between the foraminiferal records of the Norwegian Sea and the deep Labrador Sea provide evi-
dence for faunal isolation of the deep Norwegian basin during the Oligocene. This isolation is attributed to limited marine con
nections across the Greenland-Scotland Ridge, resulting in Norwegian Sea deep water that was corrosive and poorly ventilated.
Foraminiferal evidence suggests that Norwegian Sea deep water was poorly oxygenated during the Oligocene.

INTRODUCTION Initial shipboard investigations revealed that a thick sequence of
Oligocene sediments containing rich DWAF assemblages, but few

Deep-water agglutinated foraminifers (DWAF) have been used in other microfossil remains, was recovered from Hole 985A. Our pri-
biostratigraphic correlation in the North Sea and Norwegian Sea ~ Mary purpose in studying this material was to refine the biostratigra-
sincethe 1970s. Thefirst round of deep-seadrilling (Leg 38) revealed phy of the Oligocene/Miocene transition in the Norwegian Sea at a
that the Pal eogene sediments recovered from the Norwegian Sea.con- site that appears to contain a much-expanded Oligocene section. Be-
tain afairly continuous record of microfossil assemblages composed cause of its location in the central part of the Norwegian Sea, we ex-
amost exclusively of DWAF (Talwani, Udintsev et a., 1976). In pected Hole 985A to contain a more continuous Oligocene record
nearly all the Deep Sea Drilling Project (DSDP)/Ocean Drilling Pro- than at Site 643 on the Viring Slope or elsewhere on the Varing Pla-
gram (ODP) holes from the Norwegian Searegion, Paleogene calcar- teau, an area where sedimentation may have been influenced by oce-
eous benthic foraminifers are either completely lacking or have been anic currents. The Oligocene at Site 643 is considerably thinner than
found only in discrete horizons at comparatively shallow sitesonthe  at Site 985, and one or more hiatuses may be present at Site 643 (Ka-
Varing Plateau (Hulsbos et al., 1989). In their synthesis of the Paleinski et al., 1990). Additionally, our second purpose for studying
gene material from Leg 38 sites, Verdenius and van Hinte (1983) sute DWAF was to undertake detailed observations of the morphology
ceeded in subdividing the Paleogene record into a number of asseffld wall structure of selected species that were first described from
blage zones that were useful for local stratigraphic correlation.  the North Sea region (M.A. Kaminski and W.E.N. Austin, unpubl.

During the early 1980s, several biostratigraphic schemes based @t@)- Because of the thick overburden in the North Sea region, Oli-
agglutinated foraminifers were devised for the Paleogene of th@ocene forms are typically silicified and compressed. At Site 985, on
North Sea region (Gradstein and Berggren, 1981; King, 1983; Gradbe other hand, the Neogene sediments are relatively thin; as a result,
stein et al., 1988). It became apparent that a number of Eocen1® DWAF display excellent preservation. _ _
Oligocene DWAF species occur throughout the North Sea, Norwe- At present the chronostratigraphic control at Site 985 remains
gian Sea, and Labrador Sea, suggesting that they may be useful Ror because of the lack of calcareous microfossils that would enable
correlation purposes throughout the northern part of the North Atlarforrelation with the standard planktonic zonal schemes. The se-
tic. Subsequent studies have further refined the taxonomy and big¥énce was dated by means of magnetic polarity records to the latest
stratigraphy of Norwegian Sea DWAF (Gradstein and KaminskiMiocene; below this, it was difficult to correlate with the geomag-
1989: Kaminski et al., 1990; Osterman and Spiegler, 1996; KaminsKetic polarity time scale (Shipboard Scientific Party, 1996js, the
and Geroch, 1997; Nagy et al., in press; Gradstein and Kaminskinderlying sequence has poor age constraints. We hope that future
1997). Quantitative studies of biostratigraphic data from 33 Nortfpalynological studies from this hole may enable a better correlation
Sea and Norwegian Sea exploration wells have yielded a refined bi¥ith the standard zonal schemes. The poor independent age control
stratigraphic zonation of the area using DWAF and other microfossil§1€ans that chronostratigraphic assignments are based solely on ag-

(Gradstein et al., 1988; Gradstein et al., 1992, 1994; Gradstein aStinated foraminifers. We achieved this by correlating our biostrati-
Backstrém, 1996). graphic sequence with the Oligocene benthic foraminiferal zonations

developed for the Norwegian and North Sea regions.

1Raymo, M.E., Jansen, E., Blum, P., and Herbert, T.D. (Eds.), 1999. Proc. ODP, BACKGROUND
ci. Results, 162: College Station, TX (Ocean Drilling Program).

2Research School of Geological and Geophysical Sciences, University College : : - . _
London, Gower Street, L ondon WCIE 6BT, United Kingdom. Site 985 is located on Eocene Anomaly 22 crust (~50 Ma; Tal

sEnvironmental Research Centre, Department of Geography, University of Durham, wani and Eldholm, 1977). Geological evidence supports the notion of
South Road, Durham DH1 3LE, United Kingdom. bill.austin@durham.ac.uk seafloor spreading in the Norwegian-Greenland Sea by Anomaly 24
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(early Eocene), but crustal extension may have begun as early as and is characterized by the absence of biosilica and the gradual
Anomaly 29 (Talwani and Eldholm, 1977; Myhre and Thiede, 1995). downsection increase in natural gamma counts. The base of Subunit
Site 985 was drilled on the gentle slope of the Iceland Plateau at a IVC is defined by a sharp downhole increase in magnetic susceptibil-
water depth of 2788 m at 66°56.49'N, 6°27.01'W (Fig. 1). It ispart of ity. The sediments of Unit V comprise indurated dark greenish gray
the paleoenvironmental transect of the southern part of the Norwe- to very dark greenish gray clay, olive gray to dark greenish gray clay,
gian Sea and is composed of Sites 907 and 987 (Legs 151 and 162, and very dark greenish gray clay with glauconite and glauconitic
respectively) and Sites 642, 643, and 644 (Leg 104). The sediments clay. These sediments are distinguished from the overlying sediments
recovered are predominantly fine-grained siliciclastics. The domi- by a sharp increase in magnetic susceptibility.
nant lithologies include silty clays, clayswith silt, and clays. Biocar- The lowermost sediments (Unit V) are believed to have been de-
bonates are restricted to the upper parts of the sedimentary sequence. posited during the late Oligocene to early Miocene when the basin
Clays and silty clays containing biosilica are encountered only be- was roughly half its modern dimensions; Site 985 was, therefore,
tween 240 and 290 meters bel ow seafloor (mbsf). Disseminated vol- shallower and closer to land. At this time, the Aegir spreading axis,
canic ash, ash pods, and ash layers occur throughout the sedimentary the site of active seafloor spreading, was located to the east of Site
sequence. Dropstones are confined to the upper sedimentary se- 985. The lack of an intervening bathymetric high between Greenland
quence (0—70 mbsf). The upper part of the sequence (1-60 mbsf) wasd Site 985 may have permitted more effective transport of silt-sized
dated to the latest Miocene by means of magnetic polarity recordgerrigenous material to Site 985.
but the underlying sequence proved difficult to correlate with the
geomagnetic polarity time scale. Thus, it has poor age constraints.

Siliceous microfossils and agglutinated benthic foraminifers provide METHODS
some age information in the lower section, indicating that the drilled
sequence terminated in the Oligocene. Standard methods of sample processing were applied to 20-cm

Five lithologic units were recognized in Hole 985A, and the agplugs removed from split-core sections. These were dried at 40°C to
glutinated assemblages described here appear within the lowermasinstant weight and then soaked in tepid distilled water for up to 24
part of Unit IV (155.2 to 465 mbsf) and Unit V (465 to 578.9 mbsf).hr before wet sediment sieving on a 63-um mesh. Sediment disaggre-
The sediments of Unit IV are dominated by indurated clays, rangingation was variable, but most samples broke down readily after gen-
from gray to very dark greenish gray to dark grayish brown. Dissentle sieving with warm tap water. Coarse residues were retained and
inated ash is present as a lithologic component of the bulk sedimentsied at 40°C to constant weight. Foraminifers were picked from the
The relevant subunit of Unit IV is defined from 289.6 to 465 mbsfentire >63-um residue. Specimens were photographed using a Zeiss
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Figure 1. Map view of Site 985, with locations of other North Atlantic DSDP/ODP sites where DWAF have been studied.
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940 digital scanning electron microscope at University College Lon- Bathysiphon spp., Spirosigmoilinella compressa, Verneuilinoides
don. sp., Cystammina sp., Karreriella siegliei, and Ammodiscus latus
Grzybowski.
The diversity and abundance of DWAF decrease upsection in
RESULTS Hole 985A. A reduction in diversity is observed within the interval

from Cores 162-985A-45X through 43X. The LOs of 12 species are
Examination of the 49 samples from Core 162-985A-32X to the observed within this interval, includiriReophax elongatus, Adercot-
base of the hole (Section 162-985A-62X-CC) yielded 40 foraminif- ryma agterbergi, Reticul ophragmium rotundidor satum, Ammodiscus
era species and generic groupings (Table 1). Specimens throughout latus, andHapl ophragmoideswalteri. Many of these last occurrences
the studied interval are generally well preserved and uncrushed. The can be traced to a level within the Oligocene in the North Sea region

succession of foraminiferal assemblages, the ranges of some charac- (Gradstein et al., 1994).
teristic species, and asimple measure of speciesdiversity observedin
sediment from the hole are given in Figure 2. Spar se Assemblage with Pyritized Radiolarians
Based on the ranges of characteristic species, we can subdivide (Cores 162-985A-39X through 32X)
the succession into three main assemblages. Because of the current
lack of independent age control, we have refrained from establishing In the uppermost part of the studied interval, the assemblages con-
aformal zonation based on this site. Instead, we compare our strati- ~ tain common pyritized diatom and radiolarian steinkerns. Some au-

graphic record with the Paleogene assemblages described from Hole thigenic pyrite, in the form of burrow infillings, was also observed.
643A (Kaminski et al., 1990) and from a well drilled on the Varing Foraminifers are rare and consist mainlyRsamminopelta grad-
Plateau (Gradstein et al., 1994), and with the quantitative zonatiafieini in association with rare tubular forms aRecurvoides spp.
based on ranking and scaling of the Norwegian margin (Gradsteifhese findings agree with the observations of Verdenius and van
and Backstrom, 1996). The three assemblages are described in orgitite (1983) in the Leg 38 DSDP holes (Sites 338, 345, and 348),

from oldest to youngest. where low-diversity assemblages wittpirosigmoilinella and
Sirolocammina” were reported from strata assigned a late Oli-
Coarsely Agglutinated Assemblage gocene to Miocene age.
(Cores 162-985A-62X through 50X)
The DWAF assemblage in the lower part of the studied section is DISCUSSION
characterized by coarsely agglutinated species sudip@sammina Stratigraphic Significance of the Taxa Recovered
rugosa Verdenius and van HinteRhabdammina spp., Psammo- at Site 985

sphaera fusca Schultze, and numerodgnmolagena clavata (Jones
and Parker) that are attached to large quartz grains. This indicates theThe base of the recovered sedimentary section in Hole 985A
availability of plentiful coarse material for the construction of the for-(Sample 162-985A-62X-CC) contains several stratigraphically im-
aminiferal test. Other common species inclidt culophragmium portant formsSpirosigmoilinella compressa (Matsunaga) was origi-
amplectens (Grzybowski), Haplophragmoides walteri (Grzybow-  nally described from the Miocene of Japan. Its FO in the North At-
ski), Reophax elongatus Grzybowski, andrecurvoides spp. A num-  |antic region was calibrated to the standard nannofossil zonation at
ber of stratigraphically important forms are also present. Site 647 in the Labrador Sea (Kaminski et al., 1989). In this area, its
The lowermost sample collected from Hole 985A (Sample 162F0 lies within the upper Eocene (nannofossil Zone NP17). In the
985A-62X-CC) contains the index specisrosigmoilinella com- North Sea exploration wells, its FO usually marks the base of the Oli-
pressa (Matsunaga)Ader cotryma agterbergi Gradstein and Kamin-  gocene sedimentary sequences. In the North Sea area, however, the
ski, andKarreriellasiegliei (Gradstein and Kaminski). These species Eocene/Oligocene boundary is represented by a hiatus, and much of
are characteristic of the lower Oligocene recovered from exploratiothe upper Eocene is generally missing. At Site 643 on the Varing
wells on the Vgring Plateau (Gradstein et al., 1994). An early OliS|ope, its FO was observed in Sample 162-643A-49X-5, 79-84 cm.
gocene age for the base of the drilled section is corroborated by tiBaised on this correlation, we can assume that the base of the recov-
absence of Eocene index forms sucBaisoplectammina spectabilis  ered sediments at Site 985 is no older than early OligoSeoem-
(Grzybowski) andAmmomarginulina aubertae Gradstein and Ka- pressa was reported to range into the upper Miocene in Hole 909C in
minski. the Fram Strait (Osterman and Spiegler, 1996). However, in their
The first occurrence (FO) of the specieticulophragmium ro- study of the Leg 151 material, Osterman and Spiegler did not separate
tundidorsatum (Hantken) was found in Sample 162-985A-59X-CC,; this species fronPsamminopelta gradsteini.
in the next sample above (59X-4, 32-37 cm), it is especially com- At Labrador Sea Site 647, the LOR¥ti cul ophragmium ampl ect-
mon. This species is present in large numbers at certain horizons. Téss was observed at the Eocene/Oligocene boundary as determined
FO of the specieBsamminopelta gradsteini Kaminski and Geroch by nannofossil and magnetostratigraphy. This species, however,
[ = Psamminopelta sp. of Kaminski et al., 1990] was observed in ranges into the Oligocene in the Norwegian Sea at Site 643 (Kamin-
Sample 162-985A-53X-7, 36-0 cm. This occurrence implies a correski et al., 1990) and in the Canadian Arctic (Schréder-Adams and
lation with the OligocengPsamminopeltasp. assemblage” observed McNeil, 1994). Our observations at Site 985 confirm its overlap with
in the Oligocene sediments at Site 643 on the Vgring Slope (Kamirs compressa and its continued range into younger sediments north of

ski et al., 1990). the Greenland-Scotland Ridge. In the northern part of the Norwegian
Sea at Site 909, it was reported to range into the middle Miocene (Os-

Spirosigmoilinella Compressa Assemblage terman and Spiegler, 1996).
(Cores 162-985A-49X through 40X) In Core 162-985A-59X, an assemblage with common specimens

of Reticulophragmium rotundidorsatum is observed. This species

A faunal change is observed within Core 162-985A-50X characwas originally described from the middle Oligocene Kiscell Marls of
terized by the loss of coarsely agglutinated forms. The last occuHungary (Hantken, 1875). However, the specimens at this level are
rence (LO) of the coarsely agglutinated spetiggerammina rug- much smaller than the types preserved at the Natural History Mu-
osawas observed in Sample 162-985A-50X-7, 36—40 cm. In Samplgeum in Vienna. They are more similar, both in size and shape, to late
162-985A-50X-CC, the LO dPsammosphaera fusca was observed. Eocene specimens from the Carpathian Flysch deposits where an up-
Above Core 162-985A-50X, the DWAF assemblage is dominated bper EoceneR. rotundidorsatum Zone has been recognized (Geroch
finely agglutinated taxa. The characteristic species in this interval ai@nd Nowak, 1984). This would imply that the base of the recovered
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Table 1. Foraminiferal abundance data from studied samples, Hole 985A, Norwegian Sea.
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section is older than the mid-Oligocene. Larger specimens of R. ro- served in Core 162-643A-47X, which was assigned an Oligocene age
tundidorsatum are observed higher in the section, in Sample 162- (Kaminski et al., 1990). Its LO was reported within the upper Mi-
985A-46X-7. The occurrence of these ancestral forms at the base of oceneR. rotundidorsatum assemblage at Site 909 (Osterman and
Hole 985A implies that the sediments are older than the “Kiscellian'Spiegler, 1996).
of Hungary.R. rotundidorsatum is a cosmopolitan form that ranges At DSDP Sites 338, 346, 349, and 350, Verdenius and van Hinte
into the middle to upper Miocene, occurring also in the Oligocene t¢1983) found the distinctive speci8siroplectammina spectabilis in
upper Miocene in the Beaufort-MacKenzie Basin (Schroder-Adamsediments of Eocene age. At the Labrador Sea Site 647, the LO of this
and McNeil, 1994) and in the Miocene “Agua Salada Fauna” in thepecies coincided with the Eocene/Oligocene boundary (Kaminski et
Gulf of Mexico (M.A. Kaminski, unpubl. data). In the northern Nor- al., 1989). Based on the occurrence of the above-mentioned species
wegian Sea, Osterman and Spiegler (1996) reportd’l estundi- and the lack ofs spectabilis in our samples, we conclude that the
dorsatum assemblage of late Miocene age in Hole 909C. base of the recovered sediment column at Site 985 is no older than

Karreriella siegliei, observed at the base of Hole 985A, is theearly Oligocene.
nominate taxon of the early OligoceD®rothia siegliei Zone of
Gradstein et al. (1994) in the North Sea. At Site 643, its FO was ob- Comparison with Biostratigraphic Records at Site 643

and Haltenbanken

Stratigraphically important species
in Hole 985A

°

. 0z<

To assess the utility of DWAF for stratigraphic correlation in the
area of the southern Norwegian Sea, we compiled the LOs of com-
mon species in the Eocene—Oligocene at three localities (Fig. 3).
M.A. Kaminski has studied all three localities, ensuring consistent
taxonomic concepts. Several stratigraphically important species are
common to all three locations, includiBgcompressa, R. el ongatus,

H. walteri, Cyclammina placenta, R. amplectens, and D. seigliei.
39 This comparison of the LOs also reveals information about the pale-
oecological preferences of the species.

There is relatively good agreement between the sequence of LOs
in the two ODP records from the deep Norwegian Sea (Fig. 3). In
both ODP holes, the “coarse agglutinated species”Reeurvoides,
Cribrostomoi des, andRhabdammina) andPsamminopelta gradsteini
are among the last of the Oligocene forms to disappear. Within the
Oligocene sediments, the specfeamosphaeroidina pseudopaucil-
oculata, C. placenta, H. walteri, Haplophragmoides kirki, and H.
rugosa display a consistent sequence of last occurrences. This rela-
tively good correlation between the FOs in Holes 985A and 643A
suggests that similar ecological controls on DWAF may have been
present at both localities. Deep-water masses in the Norwegian Sea
were undersaturated with respect to carbonate, and DWAF persisted
well into the Oligocene in the deeper parts of the basin. At Site 909
situated in the Fram Strait, a diverse DWAF assemblage was recov-
ered in sediments of middle to late Miocene age (Osterman and Spie-
gler, 1996), indicating that favorable ecological conditions persisted
much later at the high latitudes. There are some inexplicable differ-
Figure 2. Ranges of stratigraphic index taxain Hole 985A. Diversity is given ences between the foraminiferal records at Sites 985 and 643. For ex-
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Reticulophragmium amplectens
Spirosigmoilinella compressa
Haplophragmoides walteri
Dorothia siegliei
Adercotryma agterbergi
Reophax elongatus
Hyperammina rugosa

as S (the number of speciesin each sample). ample,R. rotundidorsatum was not found at Site 643, a@dvoerin-

Last Occurrences Last Occurrences Last Occurrences
in Hole 985A in Hole 643A Norwegian Margin

Coarse agglutinated species Coarse agglutinated species Coarse agglutinated species

Psamminopelta gradsteini Spirosigmoilina compressa Gyroidina girardana

Budashevaella multicamerata Psamminopelta gradsteini Cyclammina placenta

Reticulophragmium amplectens Reticulophragmium acutidorsatum 'Spirosigmoilinella compressa

A. pseudopauciloculata A. pseudopauciloculata Turrilina alsatica

Spirosigmoilina compressa Karreriella siegliei Aschemonella grandis

Ammolagena clavata Reticulophragmium amplectens Reticulophragmium rotundidorsatum

Rotaliatina buliminoides
Karrerulina horrida
Ammodiscus latus
Annectina biedai

Cyclammina placenta Cyclammina placenta

Haplophragmoides walteri Reophax nodulosus
Ammodiscus latus \Ammolagena clavata

Reticulophragmium rotundidorsatum Haplophragmoides walteri

Karreriella siegliei Budashevaella multicamerata Adercotryma agterbergi

Haplophragmoides kirki Adercotryma agterbergi Reophax elongatus X i

Reticulophragmium acutidorsatuNGlomospira gordialis Haplophragmoides walteri Figure 3. Comparison of the sequence of last occur-
Karreriella siegliei rences in Hole 985A, Hole 643A (Varing Slope), and

Adercotryma agterbergi Haplophragmoides kirki

Reophax elongatus Karrerulina horrida
Reophax nodulosus ><Hyperammina rugosa
Reophax elongatus

Hyperammina rugosa

Globigerapsis index in quantitative biozonation of the Varing Plateau and
Recurvoides ex gr. walteri northern North Sea (Norwegian margin) of Gradstein
Reticulophragmium amplectens and Backstrom (1996). Taxonomic names are listed in
Psammosphaera fusca Haplophragmoides excavatus A. pseudopauciloculata order of their stratigraphic occurrence and have been
Conotrochammina voeringensis Conotrochammina voeringensis Haplophragmoides kirki . . . . .
updated to facilitate comparison. The species given in

Glomospira gordialis Karrerulina conversa Karrerulina conversa A
bold occur at the top of the Eocene succession.
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gensisrangesinto the Oligocene at Site 985. It wasfound only in sed- exchange of water across the Greenland-Scotland Ridge during the
iments of the Eocene age at Site 643. early Eocene. In the geologic past, this blocking effect of the Green-
However, along the shallow margins of the Norwegian Seaand in land-Scotland Ridge must have been even greater, as portions of the
the central North Sea situated toward the south, a change from pre- ridge have been subsiding since the Eocene. These findings are con-
dominantly agglutinated assemblages to calcareous assemblages is sistent with our understanding of the paleobiogeography of DWAF,
generaly observed within the lower Oligocene (Gradstein et al., which display some interesting differences across the Greenland-
1994; Gradstein and Béackstrom, 1996). At bathymetrically shallowscotland Ridge.
sites on the Voring Plateau, the Oligocene sediments contain a benth- By comparing the faunal composition of assemblages at Site 985
ic assemblage consisting of both calcareous and agglutinated specigith the assemblages from the Paleogene of the Labrador Sea farther
with Turrilina alsatica and Rotaliatina buliminoides. Some species south, we can speculate about the extent of faunal connections across
known from the Haltenbanken area are absent at Sites 985 and 6#& Greenland-Scotland Ridge. These faunal records are important in
(e.g.,Annectina biedai Gradstein and Kaminski anfkschemocella understanding the history of deep-water connections across this
grandis [Grzybowski]), whereas others have markedly differentridge.
stratigraphic ranges. A number of DWAF species that persisted into If we contrast the Oligocene DWAF species occurring at either
the Oligocene at the deeper sites display LOs within the Eocene seside of the Greenland-Scotland Ridge, we notice some paleobiogeo-
iments in the quantitative zonation of Gradstein and Béackstrémraphical differences. We can divide the species occurring at Sites
(1996), includingR. amplectens, A. pseudopauciloculata, and H. 647 (Labrador Sea), 643, and 985 into three categories (Table 2).
kirki (Fig. 3).Dorothia siegliei does not range above the Eocene in  The first species group constitutes forms that are known from the
wells from the Haltenbanken area (Gradstein and Backstrém, 1996jeep Labrador Sea in the late Eocene to early Oligocene but have not
but it does range into the Oligocene sequence in the northern Nortieen found in approximately coeval sediments in the southern Nor-
Sea and in our ODP holes. wegian Sea. This group includes a number of species first described
Some species display stark differences in their stratigraphic randrom deep-water sediments occurring in the Caribbean and in the Pol-
es in different areas of the Norwegian Sea. For exarhiyigeram- ish Carpathians. Several typically Atlantic abyssal forms such as
minarugosa was first described from the Oligocene of the DSDP LegSpiroplectammina cubensis, Trochamminoides spp., andParatro-
38 sites (Verdenius and van Hinte, 1983). Its LO in the North Sea araghamminoides spp. have never been observed in the Norwegian Sea
western Barents Sea consistently lies within the upper Paleocene. #sigion. These forms are relatively common in the Oligocene Cipero
Site 643, this species was also found in the lower Eocene. OstermBormation of Trinidad, for instance. Another example is the widely
and Spiegler (1996) recorded it from middle to upper Miocene seddistributed deep-water speci€&omospira charoides (Jones and

ments at Site 909. Parker), which is common in the lower Oligocene of Hole 647A in
The diachronous LOs of deep-water species suttaplephrag- the Labrador Sea. It disappeared from the Varing Slope area during
moides walteri, Ammosphaeroidina pseudopauciloculata, Reticulo- the Eocene. This species is occasionally observed in older (Paleocene

phragmium amplectens, and the coarsely agglutinated forms are con-to lower Eocene) strata in the Norwegian Sea and North Sea regions.
sistent with a bathymetric shallowing of the Varing Plateau (owingts absence north of the Greenland-Scotland Ridge (Holes 985A,
to infill of the basin and lower Oligocene sea levels). The early Oli643A, and 913B) during the Oligocene again points to the faunal iso-
gocene faunal turnover also reflects changes in surface-water massat#on of the deep Norwegian Sea Basin.

in the Norwegian Sea, which allowed the establishment and preser- A second group of species is widely distributed along the Labra-

vation of calcareous microfossils. dor margin and North Sea regions (Gradstein et al., 1994) as well as
in the deep ODP holes. This group includes several index species that
Faunal Connectionsto the Atlantic may be useful for correlation between the Tethys, Atlantic, and North

Sea regions such &s rotundidorsatum, R. amplectens, A. latus, R.
The role of the Greenland-Scotland Ridge as an effective barrietongatus, S. compressa, andP. gradsteini. These species apparently

to the exchange of deep water between the Atlantic and the Arctjmossessed a very wide bathymetric distribution during the Oligocene.
throughout the Cenozoic is well known (Thiede and Eldholm, 1983)We believe that the Greenland-Scotland Ridge apparently did not
Today, the Norwegian Sea provides the largest volume of Northerconstitute a barrier to their migration into the Norwegian Sea and
Hemisphere deep water (Worthington, 1976). The Greenland-ScoNorth Sea regions. It is likely that these species migrated into the
land Ridge acts as a bathymetric barrier, restricting the flow of NorNorwegian Basin with the incoming surface-water masses. Latest
wegian Sea deep water into the North Atlantic. Similarly, this barrieEocene to Oligocene diatom assemblages from Holes 908 and 913 in
prevents the northward flow of southern-source deep water into thtbe northern Norwegian Sea contain many low-latitude species, sug-
Norwegian Sea. Berggren and Schnitker (1983) suggested that thesting that warm waters were present (Scherer and Kog, 1996). This
Faeroe-Shetland Channel may have been opened by subsidence asspports the premise that surface waters entered the Norwegian Sea
ciated with the Hebridean volcanism and that there may have been iom the Atlantic (or also via the North Sea), bringing temperate flo-

Table 2. Comparison of foraminiferal speciesoccurring at Site 647 in the Labrador Sea (Kaminski et al., 1989) and at Sites 643 and 985 in the Norwe-
gian-Greenland Sea (NGS) (Kaminski et al., 1990).

Deep Atlantic species “Isobathyal” species NGS species

(Site 647) (Sites 647 and 985) (Sites 643 and 985)
Spiroplectammina trinitatensis Budashevaella multicamerata Karreriellasiegliel
Spiroplectammina cubensis Reticulophragmium amplectens Adercotryma agter bergi
Paratrochamminoides spp. div. Spirosigmoilinella compressa Hyperammina rugosa
Trochamminoides spp. div. Psamminopelta gradsteini Conotrochamm voeringensis
Karreriella chapapotensis Cyclammina placenta Discammina sp.
Glomospira charoides Haplophragmoides walteri
Glomospirairregularis Reticulophragmium rotundidor satum
Glomospira serpens Reophax elongatus
Subreophax spp. Reophax nodul osus

Glomospira gordialis

Ammodiscus latus

Ammolagena clavata
Ammosphaeroidina pseudopaucilocul ata
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gensis, and Annectina biedai. These species, so distinctive for the contripution 57 of the Cenozoic Deep-Water Agglutinated Foramin-
Oligocene of the North Sea and Norwegian Sea regions, have so {ga| project.

not been observed south of the Greenland-Scotland Ridge. These

species are widely distributed in Paleogene sediments throughout the

North Sea region (Charnock and Jones, 1990; Gradstein et al., 1994; SYSTEMATICS
Gradstein and Kaminski, 1997). Because their distribution in the

Norwegian Sea is also isobathyal, their absence south of the ridge is The taxonomy of Norwegian Sea foraminifers used in this study
more difficult to explain. follows the framework previously established by Kaminski et al.

The absence of deep Atlantic species from the boreal seas (and 1¢90). The following species represent modifications to the taxon-
occurrence of some “endemic” species) is consistent with the theogyny that have been published subsequently.

that the Greenland-Scotland Ridge was a barrier to southern-source

deep water and contributed to the isolation of Norwegian Sea deep Psamminopelta gradsteini Kaminski and Geroch, 1997

water. During the Paleogene, marine connections across the Green- (Plate 1, fig. 4)

land-Scotland Ridge would have had shallower sill depths than at

present, causing greater isolation of the deep-water mass than in fi@mminopelta sp. Kaminski et al., 1990, plate 4, figures 3, 4.

modern ocean. Instead, it is likely that the Oligocene deep waters ! rfi?&?ghn;llaconpremMatwnaga; Osterman and Spiegler, 1996, plate
the Norwegian Sea had a greater affinity to Arctic deep waters be;_~— : - Lo )

cause of the opening of the Fram Strait during Anomaly 13 (Berggre%lsammmopelta gradsteini Kaminski and Geroch, 1997, plate 1, figures 1-9.

and Schnitker, 1983). At present, deep-ocean convection in the pemarks This species, formerly lumped undgsirosigmoilinella com-
southern Norwegian sea occurs to depths of 3000 m, resulting iNpRessa Matsunaga by various authors, differs in its small dimensions and
deep lysocline and well-oxygenated deep water (Jansen and Raymiholly planispiral coiling. It is common in the deep parts of the Norwegian
1996). During the Oligocene, however, both sedimentological andea.
faunal evidence point to a very different oceanographic setting. The
lack of carbonate at the deep Norwegian Sea sites indicates a bottom- Reti culophragmium rotundidor satum (Hantken, 1875)
water mass that is both vertically stratified and corrosive. Although (Plate 1, figs. 5-7)
Fhelpresence of agglutinated foraminifers in the Oligocene §ed|men|§§ lophragmium rotundidorsatum Hantken, 1875, plate 1, figure 2.
indicates that the bottpm Wate_rs_ were probably never anoxic, the f clammina (Reticulophragmium) rotundidorsata (von Hantken); Charnock
that calcareous benthic foraminifers have only been found at shalloW 54 jones, 1990, plate 7, figures 13-15; plate 19, figure 1.
sites on the Voring Plateau suggests that convection, if present, iByclammina rotundidorsata (Hantken); Gradstein et al., 1994, plate 6, figures
volved only the thermocline waters. 13, 14.

In the absence of deep convection and open connections to tReticulophragmium rotundidorsatus (von Hantken); Schroder-Adams and
North Atlantic, it is reasonable to assume that the Norwegian Sea McNiel, 1994, plate 8, figures 5-7.
deep waters were poorly oxygenated during the Oligocene. The for- ] )
aminiferal data at Site 985 and at other DSDP sites support this idea. Remarks: Specimens from Hole 985A possess a long, thin basal aperture.
The change from an early Oligocene coarsely agglutinated asselff! lack any additional supplementary openings in the apertural face. The

. species indeed conforms to the description of the gRetirsulophragmium
blage at the base of Hole 985A to a sparse assemblag@saitimi- as suggested by Schréder-Adams and McNiel (1994). However, the type spe-

nopelta gradsteini and pyritized diatom/radiolarian steinkerns in the gjes of the genus, the Miocene spedesicul ophragmium venezuelanum, is

upper Oligocene—Miocene sequence can be interpreted as reflectipgt related toR. rotundidorsatum by phylogeny. The Paleogene species of

increasingly dysaerobic conditions at the seafloor. In a study of HaReticulophragmiumare polyphyletic and are derived from different ancestors.

locene DWAF from the California Borderlands basins, the chang@&herefore, we only tentatively retain this specieReticulophragmium pend-

from a relatively diverse assemblage with coarsely agglutinated tubing revision of the whole group of Paleogene alveolar forms.

lar forms to an assemblage displaying high dominance of small, thin- ] o ] o

walled forms was observed as the bottom-water oxygen content falls Karreriella segliel (Gradstein and Kaminski, 1989)

below 0.5 mL/L (Kaminski et al., 1995). The Oligocene—Miocene (Plate 1, fig. 8)

Psammi n_opel_ta gradsteini assemblage found at Site .985 and at OtherDorothiasieinei Gradstein and Kaminski, 1989, text figure 3, plate 5, figures

DSDP sites in the central Norwegian Sea (Verdenius and van Hinte, y_s. njate 6, figures 1-5; Kaminsid al., 1990, pl. 8, figures 3, 4.

1983) probably indicates a deep-sea environment that is strongly dyigarreriella siegliei (Gradstein and Kaminski); Charnock and Jones, 1990,

aerobic. By contrast, the deep-sea environment at Site 647 south of plate 12, figure 16; plate 25, figure 7.

the Greenland-Scotland Ridge was well ventilated during the Oli-

gocene, and assemblages contain diverse calcareous benthic foramin-Remarks: This is the nominate taxon of tie bulimoides-D. siegliei

ifers. Zone of Gradstein et al., 1994. Charnock and Jones transferred this species to
Our comparisons of Oligocene benthic foraminifers from varioughe genuKarreriella because of its areal aperture.

localities in the northern North Atlantic lead us to conclude that the

Greenland-Scotland Ridge not only constituted a physical barrier

(perhaps preventing some truly abyssal species from migrating int§onotrochammina sp. Kaminski et al., 1990, plate 8, figures 1, 2; Osterman

the boreal seas), but by isolating the Norwegian Sea deep water it and Spiegler, 1996, plate 2, figures 33, 34.

caused extreme environmental conditions that excluded many of theochammina sp. 1 Charnock and Jones, 1990, plate 11, figures 4—6; plate 22,

isobathyal cosmopolitan species. figure 5.

Conotrochammina voeringensis Gradstein and Kaminski, 1997
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Conotrochammina voeringensis Gradstein and Kaminski, 1997, text figure 9, Kaminski, M.A., Gradstein, F.M., and Berggren, W.A., 1989. Paleogene
figure 10 (1-3). benthic foraminifer biostratigraphy and paleoecology at Site 647, south-
ern Labrador Sedn Srivastava, S.P., Arthur, M.A., Clement, B., et al.,
Remarks: Previous reports of this species are from the Paleocene of the Proc. ODP, Sci. Results, 105: College Station, TX (Ocean Drilling Pro-
North Sea (Charnock and Jones, 1990) and from the lower Eocene at Site 643 gram), 705—-730.
(Kaminski et al., 1990) and Site 913 (Osterman and Spiegler, 1996). This Kkaminski, M.A., Gradstein, F.M., Goll, R.M., and Greig, D., 1990. Bios-

the first report of this species from the Oligocene. tratigraphy and paleoecology of deep-water agglutinated foraminifera at
ODP Site 643, Norwegian—Greenland SeaHemleben, C., Kaminski,
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Plate 1. Stratigraphically important species of Hole 985A in the Oligocene. 1, 2. Hyperammina rugosa Verdenius and van Hinte: note extremely
coarse agglutination. (1) 45x; (2) 32x. 3. Spirosigmoilinella compressa Matsunaga, 72X. 4. Psamminopelta gradsteini Kaminski and Geroch [=
Psamminopelta sp. of Kaminski et al., 1990], 140x. 5—7. Reticulophragmium rotundidorsatum (Hantken). (5) Lateral view, 65X; (6) apertural
view of an extraordinarily well-preserved specimen, 90%; (7) broken specimen showing simple alveoles, 75%. 8. Karreriella siegliei (Gradstein
and Kaminski), 80%. 9a, 9b.Adercotryma agterbergi Gradstein and Kaminski. (9a) 200x%; (9b) enlargement of aperture, which is umbilical in
position with a small flap made of agglutinated particles, 700%.
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