Chapter 19 m
Fossil Methane Seep Deposits e
and Communities from the Mesozoic

of Antarctica

James D. Witts and Crispin T. S. Little

19.1 Introduction

Fossil methane seep deposits are rare in the Mesozoic of the Southern Hemisphere
and especially in the high palaeolatitudes of Antarctica. This rarity is also reflected
in the relatively small number of present-day methane seep and hydrothermal vent
communities known from around the continent, which is the subject of ongoing
research (e.g. Romer et al. 2014; Bell et al. 2016; Linse et al. 2019). Perhaps unsur-
prisingly, given the relatively small area of the continent that is ice-free and permits
geological study, only two occurrences of fossil methane seep deposits have been
reported from Antarctica (Fig. 19.1). Both are located on islands surrounding the
Antarctic Peninsula region, which because of the lack of significant vegetation at
this latitude offers exceptional outcrop conditions. These seep deposits are related
to the accumulation of thick sedimentary sequences deposited in forearc and back-
arc settings during the Jurassic (Tithonian) and Cretaceous (Maastrichtian), adja-
cent to a long-lived active magmatic arc.

19.2 Alexander Island

The fossil methane seep from the uppermost Jurassic (Tithonian) Fossil Bluff Group
exposed on Alexander Island (AI) (Fig. 19.1b), Antarctica, is of interest given its
remoteness from other Jurassic seep faunas. The seep locality was initially described
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Fig. 19.1 Locality map of Antarctica (a) and Antarctic Peninsula Region (b), showing general
location of fossiliferous methane seep deposits (black stars) on Alexander Island and the James
Ross Basin. (position of (¢) indicated). (¢) Outline geological map of Seymour Island and the NE
tip of Snow Hill Island, James Ross Basin. (Modified from Crame et al. (2004), Little et al. (2015),
and Tosolini et al. (2021))

by Kelly et al. (1995) who provided lithological and preliminary faunal descrip-
tions, as well as taphonomic and geochemical data. The seep carbonates form a
laterally discontinuous limestone body known as the Gateway Pass Limestone Bed
(GPLB). A description of hokkaidoconchid gastropods, the dominant faunal ele-
ment at the seep, was provided by Kaim and Kelly (2009). Beyond these two papers,
this locality is unstudied, and we provide only a brief overview here.

19.2.1 Location and Geological Setting of Al

The >7000-m-thick Fossil Bluff Group outcrops across the eastern coast of Al,
bounded to the east by the present George VI Ice Shelf and to the west by the accre-
tionary complex Le May Group, which it is faulted against and unconformably
overlies. It represents the clastic fill of a forearc basin succession to the west of the
active magmatic arc of the Antarctic Peninsula during the late Jurassic and early
Cretaceous (Doubleday et al. 1993). Rifting in the Kimmeridgian formed a deep-
marine basin, filled initially by hemipelagic muds, overlain in places by a large-
scale (tens of km) slope mass-transport complex and succeeded by deep-marine
channel-levee complexes (Butterworth and Macdonald 2007).

The Fossil Bluff Group is divided into five formations (Doubleday et al. 1993).
The ~1.1-km-thick Atoll Nunatacks Formation (ANF) occurs towards the base of
the group and comprises thinly bedded mudstones and silty mudstones representing
a marine transgression followed by deposition of turbidites in a trench-slope setting.
It probably indicates a phase of subsidence in response to contemporaneous tectonic
events in the adjacent accretionary prism (Doubleday et al. 1993). This area may
have been located at 60-70°S during the Tithonian (Lawver et al. 1992), but
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complex terrane tectonics in this region place some doubt as to the palaeolatitude of
Al prior to the mid-Cretaceous (Vaughan and Storey 2000).

19.2.2 Age of ANF

The precise age of the seep locality within the ANF is not well constrained. Faunal
data from radiolaria (Holdsworth and Nell 1992) and a sparse molluscan fauna con-
taining buchiid bivalves and belemnopsid belemnites constrain deposition to the
Bathonian—Tithonian (Doubleday et al. 1993). The seep carbonates occur towards
the upper part of the succession and are, therefore, considered Tithonian in age.

19.2.3 Brief Description of Seep Localities on ALI

The GPLB is exposed discontinuously for around 200 m between scree-filled gul-
lies on Offset Ridge, Al (68°39'W, 71°38’S), ~2 km east of the LeMay Range Fault
Zone, which represents the boundary between forearc and accretionary prism
deposits (Kelly et al. 1995). It varies from 3 m at its thickest at the east end of the
outcrop where the base is not exposed, pinching out westwards. The seep carbon-
ates themselves are composed of calcite-cemented mudstones and sandstones cov-
ered by irregular laminated crusts up to 2-m wide and 20-cm thick, which are in
places brecciated (Kelly et al. 1995; Kaim and Kelly 2009). Mass aggregations of
fossils occur in mudstone interbeds associated with the crusts. Four phases of cal-
cite and silica cement formed within the crusts. The cemented crusts exhibit depleted
8'3C values of —40.8% to —44.6%, while sparry cement infills range from —33.5%
to —40.5%, both typical of the anaerobic oxidation of methane (AOM).

Kelly et al. (1995) interpreted the seep as potentially forming on a palacobathy-
metric high, but within a pockmark structure on the seafloor with carbonate crusts
forming around the mouth of the seep. The source of the methane is unclear, but up
to 2 km of the Fossil Bluff Group underlies the horizon containing the seep. Kelly
et al. (1995) speculated that structural features and faulting focused methane migra-
tion within the basin, and identified a nearby synsedimentary normal fault as a con-
duit, with brecciation evidence for occasional gas ponding and explosions.

19.2.4 Fauna of the GPLB

The GPLB is characterized by increased faunal abundance compared to the rest of
the relatively unfossiliferous ANF. The seep fauna is dominated by high-spired gas-
tropods, originally described as ‘cerithiforms’ by Kelly et al. (1995). Kaim and
Kelly (2009) redescribed these as a new species of seep obligate hokkaidoconchid,
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Hokkaidoconcha hignalli. These gastropods are associated with large lucinids, pro-
tobranch bivalves, as well as rare limpets, crinoids, belemnites and ammonites
(Kelly et al. 1995; Kaim and Kelly 2009). Microfossils (ostracods and foraminifera)
are also present. Thalassinoides burrows and Trypanites borings occur in the lime-
stone crusts (Kelly et al. 1995). Abundant gastropod faecal pellets were documented
by Kaim and Kelly (2009). Dark-clotted laminae and blebs within the crusts them-
selves may represent fossilized Beggiatoa-type bacterial mats.

The faunal association of hokkaidoconchids and lucinids in the Al seep is very
reminiscent of Jurassic and Cretaceous fossil seep communities from Japan (Kaim
et al. 2008) and the US Pacific Coast (Kiel et al. 2008), suggesting that a widespread
seep fauna was present around the margins of the Pacific during this part of the
Mesozoic.

19.3 James Ross Basin

Methane seeps from uppermost Cretaceous (Maastrichtian) volcaniclastic shallow
shelf sediments exposed on Snow Hill and Seymour Islands, James Ross Basin
(JRB) (Fig. 19.1b), Antarctica were documented in detail by Little et al. (2015). The
seeps are manifest as large, cement-rich carbonate bodies on Snow Hill Island and
micrite-cemented burrow systems on Seymour Island (Fig. 19.1c). They are associ-
ated with a low diversity fauna of thyasirid, solemyid and lucinid bivalves.

19.3.1 Location and Geological Setting of the JRB

The JRB is a large extensional sedimentary basin that formed behind the magmatic
arc of the Antarctic Peninsula from the late Mesozoic to early Cenozoic (e.g. Pirrie
et al. 1997; Crame et al. 2004; Olivero 2012). The volcaniclastic sediments depos-
ited in this basin are now exposed on various islands in the James Ross Island area,
including Snow Hill and Seymour Islands (subsequently SHI and SI, respectively;
Fig. 19.1), and represent the best onshore sedimentary sequence of its age in the
southern high latitudes. Because of its importance and fossiliferous nature, this
region has been the focus of a large number of studies (see Crame 2019 for a recent
review).

The Late Cretaceous-Paleogene infill of the JRB comprises >2500 m of fine-
grained sediments, part of which forms the Coniacian to Danian aged Marambio
Group (Pirrie et al. 1997; Crame et al. 2004; Olivero 2012; Milanese et al. 2020).
The middle-upper part of the Group comprises most of the Snow Hill Island
Formation (SHIF) and overlying L6pez de Bertodano (LBF) and Sobral (SF) forma-
tions (Fig. 19.2). Tectonic reconstructions and magnetostratigraphic data suggest
that the JRB was located at ~65°S during the Late Cretaceous-Paleogene (Lawver
et al. 1992; Milanese et al. 2019a).
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Fig. 19.2 Composite stratigraphy of the Maastrichtian part of the Marambio Group on Snow Hill
and Seymour Islands, following Pirrie et al. (1997), Crame et al. (2004) and Bowman et al. (2013)
for lithostratigraphy and biostratigraphy, and Tobin et al. (2012), Bowman et al. (2013), Montes
et al. (2019) and Milanese et al. (2019b) for age model. Stars mark the approximate positions of
the studied hydrocarbon seep deposits. Black circles indicate other occurrences of chemosynthetic
bivalve assemblage (‘Thyasira’; ‘Lucina’; Solemya) collected during British Antarctic Survey
(BAS) expeditions in 1999 and 2006 (see Witts et al. (2016) for details). Abbreviations: SHI Snow
Hill Island, KCM Karlsen Cliffs Member, HCM Haslum Crag Member, S Sobral Formation, K
Cretaceous, Pg Paleogene, Dan Danian
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The top two units of the SHIF on SHI are the Karlsen Cliffs Member (KCM)
below and the Haslum Crag Member (HCM) above (Fig. 19.2). These two units
crop out on the Spath Peninsula at the northern tip of SHI, and along strike on the
southwestern tip of SI. The KCM consists of mudstones, sandy mudstones and
heavily bioturbated fine sandstones with abundant early diagenetic concretions
(Pirrie et al. 1997), interpreted by Olivero (2012) as representing sediments formed
in a coarsening upwards prograding deltaic wedge. The HCM of Pirrie et al. (1997)
is roughly equivalent to the Haslum Crag Sandstone of Olivero (2012) and com-
prises medium- to coarse-grained cross-stratified and channelized sandstones, pass-
ing upwards into intensely bioturbated fine-grained sandstones and siltstones,
containing fossiliferous concretions (Pirrie et al. 1997). The HCM is separated from
the KCM and overlying LBF by unconformities (Pirrie et al. 1997; Crame et al.
2004). Olivero (2012) interpreted the Haslum Crag Sandstone as being forced
regressive tidal deposits (Olivero 2012; fig. 2). The LBF crops out on the eastern
side of the Spath Peninsula of SHI (lower part only) and extensively on the western
side of SI (full thickness; Fig. 19.2). The LBF contains the Cretaceous-Paleogene
(K-Pg) boundary and mass extinction event near its top (Fig. 19.2; Zinsmeister
1998; Crame et al. 2004; Witts et al. 2016). Lithologically, the LBF is dominated by
intensely bioturbated muddy siltstones, with thin intercalated sandstones and dis-
continuous concretionary levels. The LBF coarsens upwards slightly towards the
top of the section where there are some prominent glauconitic sandstones (Crame
et al. 2004). According to Olivero (2007), the lower part of the LBF comprises
estuarine and shallow marine deposits, the middle part transgressive shelf deposits
and the top part regressive shelf deposits (Olivero 2012; fig. 2). The LBF is overlain
by the Sobral Formation (SF), which out crops on the eastern and northern sides of
SI and records deposition in a range of prodelta and shallow deltaic environments
(Marenssi et al. 2012; Bowman et al. 2016; Whittle et al. 2019).

19.3.2 Age of the JRB Sequence

Ammonites provide the best biostratigraphic zonation of the JRB Cretaceous
sequence (Macellari 1986; Olivero 2012; Witts et al. 2015). Olivero and Medina
(2000) and Olivero (2012) divided the Cretaceous succession into 14 ammonite
assemblages, based mainly on the stratigraphic distribution of the family
Kossmaticeratidae. The KCM and HCM occur in assemblage 10, while the overly-
ing LBF contains assemblages 11 to 14. Ammonite taxa from the KCM, HCM and
LBF are all indicative of a Maastrichtian age (Macellari 1986; Olivero 2012; Witts
et al. 2015). This is in agreement with microfossil data from dinoflagellate cysts
(Bowman et al. 2012). Palynological data also support assignment of the upper part
of the LBF above the K-Pg boundary and most of the overlying Sobral Formation
on SI to the Danian (Elliot et al. 1994; Bowman et al. 2016).

Magnetostratigraphic study of the JRB Cretaceous and early Paleogene sequence
has recently been completed (Fig. 19.2). These data suggest the KCM on SHI
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correlates in its entirety to magnetochron C31R (Milanese et al. 2019b). The LBF
on SI spans chrons C31R through C29N and was, therefore, deposited between ~70
and 65.7 Ma (Tobin et al. 2012). The overlying SF contains chrons C29N to C26R
and was deposited between 65.7 and ~62 Ma (Montes et al. 2019).

19.3.3 Description of Fossil Seep Localities in the JRB

19.3.3.1 Carbonate Bodies and ‘Thyasira’ Occurrences on Snow
Hill Island

As reported in Little et al. (2015), specimens of the large thyasirid bivalve ‘Thyasira’
townsendi are common in the lower part of the type section of the KCM on the
Spath Peninsula, SHI, especially at the locality known as ‘Thyasira Hill’ (British
Antarctic Survey (BAS) locality DJ.616) (64.37°48’S, 56.98°07°W) (Pirrie et al.
1997) (Figs. 19.3, 19.4, and 19.5g). In places at this locality, thyasirid fossils reach
an estimated density of >120/m? (Fig. 19.3c). Clusters of ‘T’ townsendi are associ-
ated with patches of pale blue-grey carbonate cementation which serve to accentu-
ate the regular, planar bedding (Fig. 19.3b, d). At the bottom of the section, the
cemented regions are 20 to 30 cm thick and 50 to 100 cm in width, but at higher
levels in the succession, the beds are more continuous and weather out to form the
peak of a prominent structure 60 m in height that forms the summit of Thyasira Hill
(Figs. 19.3a and 19.4a, c). This feature is located approximately 500 m SW of
‘Nordenskjold’s Hut’, a historic structure erected as a winter station by the Swedish
South Polar Expedition in the early twentieth century (see Zinsmeister 1988;
Almevik et al. 2021).

At Thyasira Hill, carbonate-cemented, sheet-like shell beds are 30 to 75 cm thick
(Figs. 19.3e and 19.4c). Many ‘T.” townsendi shells are in growth position but rarely
touch each other (Figs. 19.4c and 19.5a); others are clearly ex situ and broken. Small
specimens of ammonites (Gunnarites antarcticus and indeterminate lytoceratids)
are also preserved in the cemented layers (Fig. 19.3e). Interbeds have yielded iso-
lated specimens of ‘T’ townsendi together with ammonites, including Jacobites
anderssoni (Fig. 19.5f), Gunnarites bhavaniformis (Fig. 19.5e) and scattered speci-
mens of the serpulid worm Austrorotularia sp. About 200 m across a small valley to
the South of Thyasira Hill at the same stratigraphic level are approximately 12 topo-
graphic knolls up to 10 m tall and ~5 m wide (Fig. 19.4b, d), which represent
carbonate-cemented patches that have been exhumed by weathering from the
enclosing fine-grained sediments. These knolls have similar lithologies and faunal
content to Thyasira Hill, including the ammonite Gunnarites antarcticus, the sole-
myid bivalve Solemya rossiana and indeterminate gastropods. Well-cemented
‘Thyasira’ patches and carbonate layers are discontinuous both laterally and verti-
cally within the KCM, occurring through an approximately 50-m-thick section, and
over 100 m horizontally.
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Thyasira Hill

Fig. 19.3 Field images of carbonate-cemented sediments and associated fossils from the Karlsen
Cliffs Member, near Nordenskjolds Hut, Snow Hill Island, looking toward the SW. Section (a)
runs from the base of the hill, bottom right of the photograph, up the slope through points where
photographs (c—e) were taken, over Thyasira Hill. Cliffs at the top left of photograph a are the
Haslum Crag Member. The white arrow points in the younging direction, perpendicular to dip of
the beds. (b) and (d) Irregularly shaped patches of carbonate-cemented sediments. (¢) In-situ artic-
ulated ‘Thyasira’ townsendi specimens in plain view on the surface of an exposed bedding plane.
(e) Ammonites and articulated ‘Thyasira’ townsendi specimens, base of Thyasira Hill. Geological
hammers are for scale in (b) (see white arrow), (¢), (d) and (e) approximately 40 cm long
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Fig. 19.4 Field images of carbonate-cemented sediments and associated fossils from Karlsen
Cliffs Member, Snow Hill Island. (a) Thyasira Hill; arrows show position of image (c). (b) Knolls
of exhumed carbonate-cemented sediment, approximately 200 m East of Thyasira Hill; arrow
shows position of photo (d). Outcrops in the hills in background are Haslum Crag Member. (c)
Detail of (a) showing carbonate-cemented sediment enclosing weathered articulated ‘Thyasira’
townsendi specimens. (d) Detail of knoll in (b) with Thyasira Hill in background, to left; arrow
points to hammer scale. Geological hammers are for scale in (c¢) and (d) approximately 30 cm long

Little et al. (2015) interpreted the laterally discontinuous carbonate-cemented
sediments at the Thyasira Hill locality on SHI as representing methane seeps formed
during a period of increasingly concentrated hydrocarbon seepage. Cement phases
from the SHI carbonates and infill within articulated ‘7" townsendi fossils exhibit
813C values between -20.4% and -10.7%. Molecular fossils extracted from the seep
carbonates are indicative of micro-organisms involved in AOM such as methanotro-
phic archaea and suggest dominance of thermogenic methane over other hydrocar-
bons (Little et al. 2015).
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Fig. 19.5 Fossils and carbonate concretions from methane seep deposits on Snow Hill and
Semyour Islands, Antarctica. (a) Hand specimen of carbonate-cemented siltstone from Thyasira
Hill, Karlsen Cliffs Member, Snow Hill Island. White arrows point to articulated ‘Thyasira’
townsendi specimens in various sections. Black arrow points to sparry calcite cement patch. Codes
1A and B are sites drilled for isotopic analysis in Little et al. (2015). (b) Cut tubular carbonate
concretion from BAS locality D5.345.2, Lépez de Bertodano Formation, Seymour Island. Note the
presence of small Planolites-like burrows on the surface of the concretion. (¢) Carbonate concre-
tion of cemented large burrows with smaller burrows on their surfaces; from Hydrate Hole seep
site, 3100 m water depth, Congo deep-sea fan (Haas et al. 2010). (d) Ammonite Maorites seymou-
rianus from BAS locality D5.347.2, Lépez de Bertodano Formation, Seymour Island. (e)
Ammonite Gunnarites sp. (possibly G. bhavaniformis) from Thyasira Hill, Snow Hill Island. (f)
Ammonite Jacobites anderssoni from BAS locality DJ.633.1, Thyasira Hill, Karlsen Cliffs
Member, Snow Hill Island. (g) Right valve of articulated ‘Thyasira’ townsendi from Thyasira Hill,
Snow Hill Island. (h) Right valve of articulated specimen of bivalve ‘Thyasira’ townsendi from
BAS locality D5.345.2, Lépez de Bertodano Formation, Seymour Island; internal mould. (i) Left
valve of articulated large thyasirid bivalve from Deception Island, Antarctica (specimen 1464 from
PRI, New York). (j) Right valve of articulated specimen of bivalve ‘Lucina’ scotti from BAS local-
ity D5.345.2, Lopez de Bertodano Formation, Seymour Island. (k) Right valve of bivalve Solemya
rossiana, BAS locality D5.345.2, Lépez de Bertodano Formation, Seymour Island. All fossils are
whitened with ammonium chloride powder. Scale bars a—¢ = 10 mm; d—k = 20 mm

19.3.3.2 Carbonate Concretions and ‘Thyasira’ Occurrences
on Seymour Island

‘Thyasira’ townsendi itself occurs intermittently in laterally discontinuous layers,
usually within a distinctive dark sulphurous mudstone facies, throughout the rest of
the nearly 1500-m-thick Maastrichtian succession on SHI and SI (Fig. 19.2), often
in association with articulated specimens of the lucinid ‘Lucina’ scotti (Fig. 19.5j)
and/or the solemyid Solemya rossiana (Fig. 19.5k). Stratigraphically, later ‘7.



19 Fossil Methane Seep Deposits and Communities from the Mesozoic of Antarctica 565

townsendi layers in the HCM and LBF are, however, not associated with well-
cemented large carbonate deposits like those in the KCM.

Little et al. (2015) studied one of these horizons from the LBF of SI (BAS local-
ity D5.345.2), ~458 m above the basal unconformity with the HCM (Fig. 19.2). This
locality contains scattered cylindrical and carbonate-cemented concretions up to
39 mm in length composed of dark fine-grained sediments cemented by micrite
with a later, weathering rind of gypsum (Fig. 19.5b). Some concretions have inter-
nal infillings of fibrous calcite cements. Others are roughly circular and have pale-
coloured Planolites-like burrows on their surfaces, strongly resembling modern
seep-associated concretions (Fig. 19.5¢) (Haas et al. 2010). Associated with these
are abundant specimens of ‘T.” townsendi (Fig. 19.5h), S. rossiana (Fig. 19.5k) and
some examples of the ammonites Maorites seymourianus (Fig. 19.5d) and M. wed-
delliensis. Benthic molluscs are also associated with this concretionary layer, such
as the nuculid and trigoniid bivalves Leionucula suboblonga and Oistotrigonia
pygoscelium, and the gastropod ‘Cassidaria’ mirabilis. These are typical of the
‘background’ benthic molluscan fauna found throughout the LBF on SI (Zinsmeister
and Macellari 1988; Crame et al. 2014; Witts et al. 2016). The last occurrence of the
distinctive ‘T." townsendi facies is a prolifically fossiliferous bedding plane ~48 m
below the K-Pg boundary in the upper levels of the LBF (Fig. 19.2) (Witts
et al. 2016).

Little et al. (2015) concluded that the laterally discontinuous concretionary lay-
ers with putatively chemosymbiotic bivalves present throughout the LBF on SI were
methane seeps that formed during repeated periods of diffuse methane flux to the
sediment. Depleted carbon isotope values within concretionary matrix and cements
range from -58.0% to -24.6% and suggest AOM together with an increased contri-
bution of biogenic methane compared to the older SHI seeps. Geochemical data
(specifically depleted 8'3C values) derived from shell material of well-preserved
bivalves and ammonites at discrete intervals throughout the LBF also suggest that
these periodic intervals of increased methane flux may have influenced the chemis-
try of the sediments, overlying water column and organisms inhabiting these envi-
ronments (Tobin and Ward 2015; Hall et al. 2018; Ivany and Artruc 2020).

19.3.4 Fauna of the JRB Methane Seeps

The JRB methane seep fauna is dominated by the large thyasirid bivalve ‘T.°
townsendi, often co-occurring together with the lucinid bivalve ‘Lucina’ scotti and/
or the solemyid bivalve Solemya rossiana (Zinsmeister and Macellari 1988; Crame
et al. 2014; Witts et al. 2016). Little et al. (2015) suggested that these taxa very
likely had symbionts like many living representatives of these families, and that
association of these species with the seep carbonates in the KCM and LBF indicated
the presence of AOM-derived hydrogen sulphide. Other studies have found petro-
logical and geochemical evidence for fluctuating redox conditions in these sections,
possibly on a seasonal scale (Schoepfer et al. 2017). However, the presence of a
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diverse ‘background’ benthic molluscan fauna, both epi- and infauna, associated
with the chemosymbiotic taxa in the KCM and LBF indicates that environmental
conditions in the sediment were not persistently challenging.

Interestingly, the JRB methane seep fauna does not include representatives of
other common Mesozoic and Cenozoic seep obligate taxa, such as Paskentana, hok-
kaidoconchids, Peregrinella, Caspiconcha, vesicomyids or bathymodiolins. The
reasons for this are unclear, but may be related to the high palaeolatitude of the JRB,
the relatively shallow (<200 m) water depths in the basin, palacoecology, or simply
that the Maastrichtian age of the succession is earlier than the evolution of some of
these taxa (see discussion in Little et al. 2015).

‘Thyasira’ townsendi specimens from SHI were first described by Weller (1903)
and identified as being conspecific with White’s (1890) species Lucina townsendi
from Cretaceous sediments on St. Paul’s and St. Peter’s Islands in the Magellan
Strait. Wilckens (1910) later suggested that Lucina townsendi (White) 1890 is not a
lucinid and transferred the species to the genus Thyasira. However, as noted by
Zinsmeister and Macellari (1988), ‘Thyasira’ townsendi is much larger than other
Thyasira species, and in size and shape more resembles species belonging to
Conchocele (Kamenev et al. 2001; Okutani, 2002; Oliver and Sellanes, 2005),
hence the placement of the genus name ‘Thyasira’ in quotation marks here and in
Little et al. (2015). Large thyasirid bivalves with very similar morphologies to ‘T
townsendi are also found in other Cretaceous deposits in the high Southern lati-
tudes, including specimens from Deception Island, Antarctica (Fig. 19.51) and the
species T. bullpointensis (Stilwell) from North Island, New Zealand.

Similarly, the shell morphology of ‘Lucina’ scotti (Wilckens) (Fig. 19.5j) 1910
does not correspond well to this genus (or to Wilckens’ original genus Phacoides).
The Antarctic species very likely belongs to the extinct lucinid genus Nymphalucina
Speden, 1970 (Kiel 2013), which is particularly well known from seep and non-seep
environments in the Cretaceous Western Interior Seaway in North America
(Kauffman et al. 1996; Ryan et al. 2020), because of the external characters, and the
shape of the cardinal teeth that can be seen in some weathered articulated JRB
specimens.

It seems unlikely that any of the three bivalve taxa common at JRB seep locali-
ties were seep obligates. Both ‘L.’ scotti (commonly) and S. rossiana (rarely) occur
throughout the LBF, apparently not always in association with seep carbonates
(Zinsmeister and Macellari, 1988). A single specimen of ‘T townsendi was also
recently documented from the 237- to 250-m level in the Palaeocene SF, i.e., ~315m
above the K-Pg boundary. The upper levels of the SF have also yielded several small
specimens of a solemyid that appears to represent a new species (Crame et al. 2014;
Whittle et al. 2019). Other lucinid bivalves (previously assigned to Saxolucina)
occur sporadically throughout the LBF and SF (Stilwell et al. 2004; Beu 2009;
Crame et al. 2014; Whittle et al. 2019). The precise taxonomic placement of these
bivalves, and whether their occurrence coincides with additional periods of hydro-
carbon seepage in the JRB, remains to be elucidated.
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