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Durin g the Ar gentine-Poli sh fie ld work in 1988- 89. 1991- 92 and 1993- 94 aus tra l summe rs on
Seymour (Marambio) Isl and , Antarct ic Pen insul a, a collect ion of terrestrial flor a and te leost fishes was
ga the red by the Pol ish team from the lower part (Te lmI) of the Eocene La Meseta For mat ion. T he fossil
site is located within a co as ta l cliff of the Lop ez de Bert oda no Bay (locality ZPAL 9 on Text-fig. I),
stratig raphically be longi ng to S ADI. ER ' S ( 198 8) unit Te lm2 .

Th e Eoce ne terrest rial flo ra fro m the locality ZPAL 9 inclu des variably preser ved imp ression s o f leaves
and shoo ts with no trace o f p lant tissue, identi fied on over 30 rock slabs. Th e complete spec imens of a
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Fig . 1
Map of the northern part of Seymour Island showing the position of the plunt-and -fish assembl age (ZPAL 9 site ).
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fossil clupcoid fish , other skeletal fragments and numerous isolated clupeoid scales (DOKTOR et al. 1988;
JERZM ANSKA 1991), as well as a few isolated scales of other teleosts were also found at the same locality.
The leaves and fish remains are associated with pieces of coalified wood and articulated and broken
bival ve shells .
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data . E. ZASTAW NIAK is responsible for the paleontological determination and descriptions of the flora,
whereas A. JERZM ANSK A - for the teleost fi sh remains . All fossil specimens described and illustrated here
are housed in the Institute of Paleobiology of the Polish Academy of Sciences, Warszawa (abbreviated as
ZPAL PUI and ZPAL P.IIl).
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SEDIMENTOLOGICAL SETTING

The Eocene La Meseta Formation is a concave-down lens, 6 km wide and minimum 0.4 km thick,
which caps the Antarctic Peninsula backarc succession on Seymour Island. The lens consists of fossilife­
rous, fine-grained sandstones and sandstone/mudstone heteroliths , with little or no interbeds of finer and
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coarser lithologies. The La Meseta Formation is characterised by (1) its confinement to a major incision
within the Cretaceous-Paleocene shelf succession (SADLER 1988), (2) intraformational multiple channel­
ing associated with subtidal, intracoastal facies, (3) abundant indicators of tidal current activity, and (4)
diverse biota comprised of both shallow-marine forms and well-preserved land-derived fossils , commonly
bound to well-defined horizons intercalated with barren intervals. In light of this evidence, PORF,BSKI
(1995) has recently reinterpreted the La Meseta Formation in terms of deposition within a compound-in­
cised valley estuary which repeatedly developed above a major, linear NW-SE strike zone of fault-con­
trolled subsidence. The estuary developed within a funnel-shaped valley affected by the hypersynchronous
mesotidal regime of a semi-diurnal character.

DESCRIPTION OF THE FOSSIL SITE

The locality ZPAL 9 (Text-fig. I ; GPS coordinates: 64 °14 '57.660"S, 56 °41'46.994"W; Jorge LUSKY
- Instituto Antartico Argentino, Buenos Aires; personal communication, 1994) exposes unit Telm2 of
SADLER (1988) . In this area, Telm2 is 90-100 m thick . Towards the north, the unit is laterally replaced
and erosively overlain by the veneroid-bearing channelised deposits of Telm3 interpreted as recording
sedimentation within the estuary mouth and main estuary channel (PORI;I3SKI 1995) . Telm2 cropping out
in the cliff consists of heterolithic strata which occur as rotated slide blocks, the infills of slide scars and
incised channels , and major c1inoform units (Text-fig. 2) .

Concretionary body

,---- ------- Slide scar infill

Slide block s Slump folds Heterolithic strata Slide block

Fig . 2
Panoramic fragment of Telm2 coas ta l exposure , showing the distribution of slide blo ck s, slide-scar infill and the location of
the studied fossil fish-and-plant locality (ZPAL 9) . Phot ographic inset shows the onlapping contact of the horizontally bedded
heterolithic fill (V AS) onto the inclined heterolithic strata OHS) . The fish and flora remains were found in the concrctionary

body (asteri sked) ,

Slide zone. The lower part of the exposed section consists of a series of tilted blocks separated by
high-angle discontinuities . The blocks consist of a finely laminated to lenticularly bedded mud-dominated
heterolith which shows little or no internal contortions. Bedding in the tilted blocks dips 5-2TSSW. The
boundary high-angle discontinuities appear as normal faults inclined 30-60°, mostly trending WNW-ESE
and showing N-Iy throws. Some of the faults cut through the entire outcrop (height 5-8 m); however,
most faults appear to be truncated by the overlying channel-fill deposits. The rotated blocks are believed
to represent the foot of a rotational slide mass which was emplaced towards the NNE, i.e., towards the
valley axis . This gravity collapse produced a hummocky topography of upthrown edges of tilted blocks
and slide detachments, with constructional depressions or slide scars in-between. This topography, with
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a visible relief of 5- 8 m, was fi lled first by locall y deve loped debri s-fl ow dep osit s, and later affected
pred ominan tly by tidal processes whic h res ulted in heterolithic stra ta ar ra nge d in vertical accre tion and
lateral accretio n patt ern s.

The sca r infill. Th e scar infi ll whi ch co nta ins the stud ied fossi ls (Tex t-fig . 3) is located on a slide
block tilt ed 2TSSE, which also for ms the northern margin to the onlapping scar inf ill (Text-fig. 2). The
southe rn margin, ea . 100 m apar t, is cut by a brecciated inverse fault zone which appa rently post-dates
the scar, altho ugh it is be lieved to have been ca use d by an int raformat ion al event as well. The infill itsel f
co mprises incl ined heteroli thi c st ra ta OHS - TIIOMAS et al. 1987) overlai n by a verti cally acc reted
hetero lith (Tex t-figs 2-3) .
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Fig . 3
Strat igraph ic log showing the lith ofacies developme nt . pa leocu rre nt direc tio ns

and inte rpr etati on of the studied Z PA L <) fossi l s ite .

Th e IHS body is minimu m 5 m high and 40 m wide . It co nsis ts of planar to s lightly co nvex-up forese t
beds, 3-20 cm th ick, wit h tangentia l toes which onlaps to the N the inclined scar bott om . T he bed s co ns ist
of parallel laminated to f1 asery cross- lam ina ted silty to fine sa nds tone alte rnati ng wi th dark gray silt- lami­
nated sandy mud stone and cm-thic k mud layers. The latter co mmo nly show minute, sa nd-filled shr inkage
(sy neresis?) cracks . Forese t di p ang le varies between 10 and 18" and tends to increase up wards. Th e
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Fig. 4
Det ails o f the vertical accreti on stra ta in the slide scar infill (compare Text -fig . 3 ). sho wing horizontal tidal couplets in

the wavy and linse n bedded intervals.

azi muth of d ips varies little around the mean towards 04 7". Two reactivation surfaces (convex-up tru nca­
tion s ) were ide ntified. spaced at ea . 5 m. one carryi ng iso lated asymmetrical dunes located ca. 1 to 3 m
above the IHS toes. Th e dunes are up to 0.2 m high and 30 m in spac ing. and co nsist of si lty sa nd with
mud -drap ed cross-strata d irected toward s 170°. i.e.. oblique ly up the forese t slo pe . Bioturbati on is low to
absent. althou gh the IHS facies in the nea rby outcrops abounds locall y in Sco licia meni scate bu rrows
resembling the Ech inocardium press structures known fro m the heterolithic in fill o f mod ern mcsotidal
cha nne ls (VAN DER BERG 1981).

Th e IHS body is overla in by the ve rtica l acc re tion strata (VAS). Th ey are subhor izo ntally bedded .
d ipping 3°E. and show upl apping terminati ons with both the northern sca r wa ll and the IHS bod y
(Text- fig . 2). The VAS fill begin s with a co he rent s lump of heterolithic folds ve rgi ng towards 350° which
indi cates s lumping down the IHS bod y. Th e slump is overlai n by rhythmic sands to ne/muds tone alte rna ­
tion s correspo ndi ng to tid al co uplets (Tex t-fig. 4). intercal ated at rand om wi th somewhat thick er sa nd­
sto nes and thin zo nes of s lump fo ld ing and int rast ratal faulti ng (Tex t-fig . 3) .

Sa nd is ve ry fi ne to fine gra ined. we ll to moderate ly sorted. and locall y abo unds in mud ston e a nd coaly
intraclasts and di sp ersed mo llusc she lls . Mud ranges be tween silty sa nd and sa ndy s ilt. whic h are co m­
monl y packed with carbo nize d pla nt matt er and dark pell et s. Sand beds are norm all y a few c m in th ickness.
have sharpe r bases than tops. and co mmo nly show load ed bases . Internall y. the bed s are para lle l laminated
and ripple cross- lamina ted. often passing laterall y into iso lated ripple len ses e nc losed in mud . The ripples
tend to be asy mme trica l and co mmo nly ex hibit mud flaser linked up ward s wi th the overlyi ng mud bed to
fo rm mud offshoo ts. Sy mme trical ripple forms with un idi rection al cross- la minae are a lso present . sugges­
ting so me oscilla to ry co mpone nt in the othe rw ise do mina nt unid irecti on al c urre nts.

Mud layers ran ge fro m mm-thick flasers on ripple forese ts and toes . th rough cm- thic k dr apes which
are ofte n cracked and laterall y traceable to mud flak e co nce ntra tes . to dm -thick co mposite un it showing
linsen bedding and fin ely s ilt-la minated porti on s. Suc h a mud-dominated heterolith co mmo nly rev eals
subvertica l sa nd-filled dykelet s, mm to c m in dimen sion. which displ ay irregul ar. crenulated ma rgins and
resemble sy ne res is casts (PLUM/vtER and GOSTIN 1981 ; ASTIN and ROGERS 1991 ). Bioturbation is repre-
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se nted by numerou s horizons of anima l escape structures, sma ll , sand-filled Sko lithos and a bi fur cat ing,
Y-sha ped burrow, similar to Polykladichnus irregularis FURs lcH (F uRSICH 1981 ).

Evi de nce of rever s ing flow is ubiqui tou s in the het erol ith ic fac ies, a lthough opposing cross- lami nae
in the adjacent se ts (herri ng bo ne cross-stra tification) was rare ly o bserved. The paleofl ow d irections
deduced from cross- lami na tio n in stro ng ly bip ol ar, wi th the do minant NE-d irected mo de (mai nly in the
wavy-bedded interva ls) and the secondary SW-directed mod e (ma in ly in the linsen -bedded int er val s ). Such
an asymme try in the flow stre ng th and direct ion is typical for tida l curre nts as the res ult of mutuall y
evas ive eb b-flood path ways (Nro et al. 1980), and point s to the dominan ce of the ebb flow in the studied
local ity. Near the top of the exposed VHS fill there occur irreg ular, ca rbo na te-ceme nte d co ncretionary
bod y which yie lde d the c1upeoid fi sh skeleto ns and scales accompanie d by plant remain s (Tex t-fig . 3) .

PALEOBOTANY

T he fir st e laboratio n of Tertiary plan t re ma ins from Seymo ur Islan d appeared in D USL:N's (1908)
pub lication , in whic h he described the im pressions of leaves and shoots ga thered du ring the 1901 - 03
Swedish South Polar Ex pedi tio n led by Otto NORDENSKJ{)LD. Th e recognize d plant -b earin g strata (see
ANDERSSON 190 6 , p. 44) belon g to the Pa leocene Cross Vall ey Forma tio n (ELLlOT and T RAUTMAN 1982;
CASE 1988) an d the Eocene La Meset a Formatio n (CASE 1988).

HICKEY'S ( 1973, 1979) terminology has been used in leaf descriptions .

TAXO NOM IC D ESC RIPTI ON

C lass Polypodiopsida M EYEN, 1987
Fa mi ly un kn own

Ge nus Cladophlebis B RONGNI ART, 1849
Cladophlebis sp.

(P I. 33 : 3; Text- fig. 5: 4)

Material. - O ne frag me nt of fron d (Z PAL PI.I1/4).
Description . - Fro nd pinn ate , coriaceous . Preserved pinna ea . 3 c m lon g and 3 c m wide. Sha pe and

len gth of the who le fro nd un known . Pinnules pinna te ly arranged, att achment ad nate, shape of pinnules
linear-l an ceolate, 1.4 x 0.4 cm. Marg in e ntire, more or less straight, subpa ra lle l fo r most of the pinnule
len gth , apex blunt. Space between pin nules ea. 3 mm wide. O nly one ve in en tering each pi nnule fro m the
rachi s at 60 °. Costa stra ight , persist ing to pin nul e apex. Vena tio n of the next orde rs invisible .

Remark s. - Th e generic nam e defines th is type of fe rn fro nd, in the o pinio n of T.N. TAY LOR and
E.L. TAYLOR ( 1993), as characte ristic of os mundaceous ferns . A c loser determinati on of the ex ta nt frag­
ment and also its re latio n to present-day fe rns is imposs ibl e. Conspic uo us , however, is the sta te of
preservat ion of the speci me n, which suggests cons iderable tou ghn ess of the fro nd .

C lass Pinopsida M EYEN, 1987
Fa mi ly Podocarpaceae NEGER, 1907

Ge nus Dacrycarpus (E NDLlCHER) DE LAUBENFELS, 1969
Ducrvcarpus'l tertiarius (BERRY) ZASTAW NIAK comb . n.

(P I. 32 : I )

192X. Fitzrovu tcrtiaria BERRY ; p. 13. pI. 2. figs 2-4.

193X. Fitrrova tertiaria B ERRY ; p. 60. pI. 12. fig. 2.

1940. Pol!ocII/IJ11.1' te rtiarius (B ERRY) F LOR IN; F LORI N. p. 39.

Material. - Impress io n of the t ip of a bra nching shoot (ZPAL PI.II/6) .
Description . - Leafy tw igs 1.5- 2 mm wide, branc hing, cover ed wit h imbricate leaves with broadly

decurrent bases. At the tip of the ste ms there is ova l wide ning (ma le strob ili?) .
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4
... .

Fig. 5
Leaves of Araucaria nathorsti DlI SI ~ N : I - ZPAL PI. ll/l 9 . 2 - ZPAL Pl.Il /2. 3 - ZPAL Pl.Il/20; frond of Cladop hlebis
sp.: 4 - ZPAL Pl.I1/4 ; leaves of No thojagus sp.: 5 - ZPAL Pl.Il/22. 6 - ZPAL P1.1l!25. 7 - ZPAL Pl.Il /Z, 8 - ZPAL

PI.II/l 4.

Remarks. - Judging from th e nature of th e foli age and th e arrangeme nt o f th e tw igs, th e illustrated
specime n from the locality Z PAL 9 represents the so me co nife ro us plant th at BERR Y ( 1928, 193 8) nam ed
Fitzroya tert iaria . FLOR IN ( 1940) re vised th at dete rminat ion and included thi s spec ies in th e genus
Podocarpus from sec tio n Dacrycarpus, co mparing it to mod ern Podocarpus dacrydioides A . RICH ARD
from New Ze aland. As a conse q ue nce DE LAUIl ENFELS' ( 1969) revision, th e nam e Dacrycar pus is binding
for thi s gro up o f spec ies o f the Pod ocarpac ea e , necessit ating a new combinati on for the foss il taxon .

At th e tip s of the shoots th er e arc appa re nt ov al widenings whi ch rese mble th e poll en con es in tod ay ' s
Dacry carpus dacrydioides (A . RICH ARD) DE LAUBENFELS.

It sho uld be e mphas ize d, however, th at any determinat ion of the spec ime n from the locality ZPA L 9,
not suppo rted by studies o f th e ana to m ic struc ture of c utic les, canno t be tot all y reliabl e. Thi s is particul arly
true in th e case o f fos sil remains of the famil y Podocarpaceae, in which so me gene ra are hard to tell from
one ano the r on the basi s o f ste rile shoot morphol ogy alon e, e .g. Dacrycarpus and Dacrydium (DE LAUIl EN­
FELS 196 9 ). Th e most recent study o f fossil remains o f Dacrycarpus (WELLS and HILL 1989 ) indicated
that thi s ge nus wa s much more differenti ated in the Terti ar y of th e Aus tra las ian regi on than it is now. At
present thi s spec ies is dominant in lowland swa mpy forest in New Zealand, reaching an altitude o f 600 m
an d occuring also in relati vely cool cond it ions, retain ing its dimo rphic foli age (A LLA N 1961 ).
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Family Araucariaceae STRASBURCiER, 187 2
Genus Araucaria JUSSIEU, 1789

Section CO/YII/bell ENDUCHER , 1847
A rauca ria nathorsti DUSI~N , 1907

(PI. 32: 3-5 ; Text-fi g. 5: 1- 3)

1907. Arauca ria nath orsti D lJSI' N: p. lOS, pI. 12, fig s 1-1 3.

190X ')A I'IIIIClIr ia impo nens D lJSI' N: p. I L p!. L figs 16-1 7.

196ll. /sraucaria natl iorsti D lJS(,N: M ENENIJEZ, pI. 10, fig . ll.
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Material. - S ix impression s of leaves , three o f th em compl ete (ZPAL P1.1I/2, 10, 16-17, 19-20).

Description, - Th e dimension s o f the wh ol e leaves are 3 .9 x 2 ,2 cm , 5.4 x 2.4 cm and 4 ,0 x 2.2 cm,
the breadths o f the others are 2.1 -2.2 c m . They are lanceolate or narrowly ovate, s lig htly asymmetri c,
widest in th e lower hal f: ap e x acute, leaf attac hme nt broad, without peti ole ; margin e ntire, Leave s
coriaceous, witho ut major ve in or keel, with prominent , numerous , un bran ched, parallel ve ins ,

Remarks. - The impressions of A rauca ria leaves found in th e material stud ied correspond perfectly
w ith the spec ies A rauca ria natliorsti DUSI~N , described from the Punta A renas reg ion in the southern part
of th e Patagonian Upl and in South A me rica (DUS(~ N 19(7). So numerou s were the impressions of lea ves
and shoots o f A rauca ria in a layer o f lignites and c layey sha les at thi s local ity that an a ra ucarian hori zon
ha s been di stingui sh ed in the geolog ical pr ofile , Ver y man y impressi on s o f lea ves o f Nothojag us subjer­
ruginea (Dus (:N) T ANAI (= Fug us subferrugin ea DUS(,N) we re a lso found underneath , at the sa me s ite ,
DLJ SI~N ( 1907 ) ackno wl edged th at th e modern spec ies mo st c lose ly rel at ed to the fossil o ne is A ru ucaria
imb rica te PAVON 1= A. lIm l/ClIIIlI (MO UNA) K, KOCH].

Lat er, Dusl~N ( 1908) described a new fo ssil spec ies, Am I/ ClI r i ll imponens DlJ SI~ N, from Seymour Island
on the basi s o f o nc nearl y co mple te leaf. A 6 c m len gth of thi s lea f is pr eserved, 1.2 c m in w idth . Dusl~N

( 1908) com pared A. imp onen s to th e modern South A me r ica n s pec ie s A raucaria bra siliana A. RICHARD
l= A. ang ust ifo lia (BERTOI.INI) KUNTZEI and the Au strali an A. bidwilli HOOKER . Accord ing to FLORI N
( 1940 , p. 32 ) A. impon ens bel ongs to se c tio n CO/YII/bell ENDLlC IIER . Thi s spec ies could po ssibl y lie within
the ran ge of va riat ion o f A. nathorsti.

Leafy s hoots a nd det ach ed leaves o f Arauearia natliorsti are al so kn own from th e Terti ary o f Ri o Negro
(B ERRY 192 8), th e Eoccne of Pu ert o A lta m irano and Mina Martha , Golfo de Skyring as well as Bahi a
S logget in Ti erra del Fuego and Es tunc ia Lel eque at Lel ej near C ho ila (de te rrn ina tio ns by T.G . HALL E
1909 , qu ot ed afte r FLORI N 1940, p. 38) and a lso from the Tertiary o f Pico Qu ern ado , Rio Ne gro, Argentina
(MENENDEZ and CACCAVAR I 1966 ; M ENENDEI'. 1969) .

Th e great simi larity o fA . natliors ti to the modern spec ies A. araucaua suggests its membership in sec tion
CO/YII/be ll, but HILL and BICiWOOD (1 987 ) doubt wh eth er the sectio n can be preci sely es tablishe d on the basis
of purel y vegetative remains. Th e latest find o f Araucaria leaves represents the fossil species Araucaria
hastiensis described by HIl.I. and BICiWOOD ( 1987) from the Eocene of Tasmania . Th e structure of the fossil
leaf c utic le indicat es, in the author ' s opinio n, that it belongs to the sec tion CO/YII/bell or BI/II)'lI .

At present. A m uca rill an gu sti folia (BERTO I.IN I) KUNTZE g ro ws in the m ountains o f so uthe rn Brazil and
Argentina, wh ereas A. lIm l/ClI II lI (MOLlNA) K. Kcx -u occurs in C hile, south-western Argentina and on the
wes te rn s lo pes o f the A ndes at an a lt itude of 500 to 1800 m. In moi st depressions it forms mi xed fo res ts
with Nothojagus and Podocarpus (H UECK 1966). The c limat ic conditions prevailing in the Chilean-Ar­
ge ntina a raucarian forest s a re cha racte rized by a mean annua l temper ature o f 10-I Y C a nd an annual
precipitati on of 600-1200 mm (HuECK and SEIBERT 1972).

Class Magnoliopsida CRON Q UI ST , T AKHTAJ AN et ZIMMERMA NN, 1966
Subclass Hamamelidae T AKHTAJ A N , 1966

Fam ily Nothofagaceae KUPRI ANOVA, 1962
G enus N othofug us BLUME, 1850

NOt//(~!l/gI/S sp.
(PI. 32: 6- 7 ; PI. 33 : 4 ; Text -fi g. 5 : 5- 8 )

Material. - Four fra gments of leaves (ZPAL PUIn, 14 ,22,25 ).

Description. - Th e o nly leaf impression which is nearly co mp le te measures 6 .5 x 3.3 cm, and is
ell iptica l with a ro unde d-c une ate ba se. Another pr eserved specimen is 8.5 cm lon g and 3.6 cm wide, and
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Fig. 6
Leaves of Kll igllliuphy l/ul/Il// ll/ rcl/c (DUS(;N) ZAST/\WNIAK co mb. n.: 1 - Z PA L PI.II/Sa. 2 - ZPA L PI.11 /1 I. 3 - ZPA L
PI. II/9 . 4 - Z PA L P1.I1/1 2. S - Z PA L P1.1I/23. 6 - Z PA L P1.I1/24 . 7 - ZPAL PI.I I/l S. 8 - ZPA L PI.I 11I. 9 - Z PAL

PI.11/2 I: leaf of Dicotvlophyllum sp.: ID- Z PAL PI. II/S.
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still ano the r is part of a very wide leaf, abo ut 6 .8 c m in w idth. O ne impressio n shows the low er part of a
leaf, 3 c m w ide , wi th co rdate base . In non e of the specimens is the leaf margin preser ved. The ve na tio n
is pinna te , probably craspedo dro mous, the mid ve in stra ig ht wit h secondary ve ins runn ing parallel , at fai rly
reg ular interva ls. In one case th e outer secondary ve ins are visi ble .

Remarks. - Becau se of th e ir charac teris tic, parall el and reg ular secondary ve na tio n these leaves have
been incl ude d in the ge nus Not hofagus. Leaves of thi s ty pe are fre que nt in the Tert ia ry of West Anta rc tica,
beg inning wi th the Up pe r Cretaceous (Z ASTAWN IAK 198 l ; ZASTAWN IAK et al. 1985; BIRKENMAJ ER and
ZASTAWN IAK 1986 ; ZASTAWN IAK 1994 ). T he poor state of preservatio n and lack of cutic ular re mai ns do
not perm it more deta iled taxonom ic st ud ies no r compa riso n w ith Rece nt species. It sho uld be mention ed
th at the only Tert ia ry species fro m th at regi on , w ith sim ilar ve natio n and relati vel y large leaves, is
Nothofagus subferrug inea (DUSliN) T ANAI , fre que nt in the Terti a ry of West Antarctica and So uth A merica
(T ANA l [986 ), the modern cou nte rpa rt of which is the So uth A merican decidu o us N. alessandr i ESPINOSA
fro m th e su bgenus Fuscospora HILL et READ.

Subclass Rosidae T A KH TAJ A N, 1966
Fami ly Proteaceae DE JUSSIEU, 1789

Ge nus Knigh tioph yllum ge n. n. ZASTAWN IA K
Knig htiophyllum andreae (DUSEN) ZASTAWN IAK comb. n.

(PI. 33: [ a- b, 2; Text-fi g . 6: 1- 9 , Text -fig . 7: 1- 3)

Type species : Knigh tiop hyl lum andreae (D US(,N) ZASTAW NIAK co mb . n.

1908. Knight ia andreae DUSI",N: p. 7 . pI. I. figs 7 . 9. 11.

1908. lll iciphvllum sp . ( I) : Dusun, p. 5. pI. 2. fig . 14 .

1908. lll iciphvllum sp . (2): DUSI;N, p . 6 . pI. 2 . fig . 16 .

1988. No thofagus sp.; C ASE. fig . 4a -c.

Fig . 7
Knightiophvllum andreae (D us(:N) Zi\ ST/\WNI/\K co mb . n.. leaf impression : I - Z PAL PI.Il/ I : im pression

of narrow e lliptic leaf: 2 - ZPAL PI.II/23 : impression of na rrow ovate leaf: 3 - ZPAL P1.I1/24 . A ll natu ral s ize .
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Diagnosi s . - Leaves peti ol ate , slightly asym me tric, lan ceol ate . narro wl y ovate or elliptic, ba se cu­
neate or rounded , margin cre nate , tooth typ e cuno nioid , s inuses +- ro unde d, spaci ng irregular , se ries
si mple . Ven ation pinnate , se rn icraspedodromo us, secondary ve ins stra ig ht o r slightly c urved, tertiar y vei ns
partia lly percurrent. Texture coriaceous .

Material. - N ine leaf impression s , two wi th tw in impress io ns (Z PAL PUIII , 5a - b, 9, 12 , 15, 21 ,
23-24, 26a- b) .

Description. - Leaves s lightly asy m me tric , from 6 .0- 16.4 c m lon g and 1.9--4.3 cm wide , peti ol e
8 mm lon g. Lea ves lan ceol ate , narrowl y ovate or e lli ptic , widest in the lower half. Base cuneat e or
ro unde d , asy mme tric, apex ac ute or ac um ina te . Margin cre na te , tooth typ es cunonio id, sinuses +- ro unde d,
spac ing irregular, series sim ple. Vena tio n pinn ate , se mic ras pedodromo us . Mi d vein sto ut, stra ight, o n o ne
spec ime n c urved . Secondary ve ins st raig ht o r s lig ht ly c urve d, fu ll number un kn o wn . So me pe rc urre nt
tertiary ve ins visible . Tex ture co riaceous .

Remarks . - Th e lea f imp ressio ns of thi s fos s il taxon arc dis ting uished by their cha racte rist ic sha pe
and the crena tio n o f th e ir lea f marg ins . Leaf remains of this type we re desc ribed by DUSI~ N ( 19( 8) fro m
Sey mo ur Island. T hey were co rre spo nd ing ly large. up to 12 c m lon g. lan ceol ate , with si m ilarly shaped
marg ins, coriaceous but wi th obscure ve nation. DUSEN ( 1908) co mpared the m to the m od ern New Zea land
Knightia excelsa R. BROWN fro m the famil y Pro teaceae and drew attention to its peculi ar iso lated posit io n
amo ng a ll the p lant remai ns described by him from tha t fossil flora .

It is impossible to check the a ffiliat ion of the leaf rem a ins described to th e ge nus Kniglitia o n th e basis
of lea f im press ions a lo ne . Fo r thi s reaso n an art ific ia l ge nus, Kni gh tiopli yllum , was create d . Ho we ver, we
ca nno t ex pect to se ttle the qu estion of w het her it be longe d to the family Proteaceae until so me ot her
be tte r-prese rved fi nds are at o ur di sposal in the future. Ho we ver, it sho uld be no ted, rel ati vel y large
numbers of po lle n grai ns of the fami ly Pro teaceae have been fo und in the sedime nts of the La Mesct a
Formation (Z AM ALOA et al . 1987). eve n po llen gra ins sim ilar to Kiiight ia excelsa poll en typ e (A SKI N
persona l co m munication. 1995 ).

T he lea f speci me ns fro m the La Me seta Formatio n on Scy mou r Isl and . recogni zed by C ASE (1988. p.
527) as " large -leafed species of Not hojagus ty pica l of this local ity" . bear morphologica l feature s whic h
agree w ith th ose of Knightiophvllum andreae.

Dicotyledones incertae sedis
Gen us Dicotylophyllum BANDULSKA, 1923

Dicotylopliyllum sp .
(PI. 32: 8; Text-fig . 6 : 10 )

Material. - O ne lea f im pression (Z PAL PI.II/8).
Description . - Leaf lan ceol ate . abou t 7 cm lo ng and 2.5 cm wide , pe tio le I c m lon g . Base cuneate .

apex dam aged . Venat ion pi nna te , mi d vei n sto ut, s light ly c urved at lea f base. Secondary vei ns, at least 10
in number , regul ar, parall el , with a st rai g ht course an d a moderate ang le of d ivergence except for the basa l
secondary ve in, which is paralle l to the base margin . Type of ve na tio n in th e leaf margin area unkno wn ;
ma rgin den tat e, bu t on ly o ne sma ll tooth is visible.

Remarks . - Th e spec imen found represe nts an unrecogn ized dicoty ledono us pl ant.

CO M PA R ISON

Th e presence o f fe rns , co nife rs, represented by both fa m ilies typi cal o f the Tertiary of the Sout he rn
Hemisphere, Araucariace ae and Pod ocarpaceae , and d ico ty ledo ns w ith the dominant spec ies Knightio­
phyllum audreae and leaves of No thojagus, a ll described ea r lier by D lJs f~ N ( 1908) and CASE ( 1988) fro m
Seymour Isl and, was co nfirmed in the foss il flor a from the Z PAL 9 s ite .

With regard to pl ant taxa , the fossi I flor a stud ied by DU SI~N ( 1908 ) is muc h more heterogen eou s than
that stud ied here. Fe rns are represented mu ch more abunda nt ly wi th on ly o ne taxon found at site Z PAL 9.
As fa r as coniferous pl ant s are concerne d, th e sa me fam ilies arc present in both floras , namel y Arauca ­
riaceae (o ne leaf of Arauca rla impo ne nsi and Pod oc arpaceae . In thi s latter case. however, the ge nera are
d ifferent. th at is Acmopyle PILCi ER and Prutnnopitys PIIILlPPI (see FLOR IN 1940 , p. 32 ; ZASTAW NIAK et al.
1985 , p. 150 ). Conife rs a re not ve ry numerou s and , as at s ite Z PAL 9, they are outnum be red by th e
A ng ios pe nnae.
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Tw o ge nera of an gi osp erms occur in both localit ies: Knight iophyllum and Noth ofagus. At th e studied
site (ZPAL 9 ), there is only o ne more ang ios pe rmo us ge nus present tDicotylopliyllunt sp.) . In Dussx 's
( 1908) material an gi osperms are ve ry heterogeneous and, particularl y noteworthy, it provides evide nce of
the presence of more thermophilou s, laurel-leafed forms.

CASE'S ( 1988) study deal s w ith leaf remain s from the Pal eocen e Cross Valley Formati on o n Seymour
Island and g ives mor e or less the sa me picture of the vege ta tion as Dusurr's ( 1908) publicati on, i.e. , a
high representation o f ferns, th e presence of fossil lea ves of No tho fag us and remains o f Pod oc arpaceae.
Th e ev ide nce in CASE'S ( 1988) publicat ion abo ut the occur re nce of laurel -leafed forms in the C ross Valley
Formation however, is mi ssing .

Th e materi al studied by CASE ( 1988) from the Eocene La Meset a Formati on (s ite RV 8425 located
close to our locality ZPAL 9) contains leaf remains with ca rbo n film , fragmen ts o f coalified wood, mollusc
she lls and sta rfish remain s. Th e fossil plants are rep resented by large leaves of Knightiophyllum andreae
(no n No thofag usv, fronds o f at lea st tw o types and sec tio n o f a shoot of "an araucarian conife r" (CASE
1988) .

It shou ld al so be noted that palynological stud ies of the La Meseta Formation on Seymour Island
(ZAMALOA et al . 1987) evidenced the presence of pollen g rains of Araucariaceae, Podocarpacaea, Protea­
ce ae (numerous) and Nothofagus (very numerous) .

FISH PALEONTOLOGY

The Eocene La Meset a Formati on o n Seymour Isl and is th e only known locality for Terti ary teleost
fish es in Antarctica (GRANDE and EASTM AN 1986; J ER ZM ANSKA 1988, 1991; EASTMAN and G RANDE 1991;
JERZMANSKA and SWIDNICKI 1992; EASTMAN 1993). The fish fa una co llec ted from th e locality ZPAL 9
include a rich assemblage of c1upeoids (Tex t- figs 8- 10) and a few gadifo rm and ber yciform sc ales
(Tex t-figs 11 -1 3).

,
.... .4 '

. ..

Fig . X
Fie ld phot ograph of fo ur ske leteo ns o f Marambion ella andreae JI ; I< I. ~l i\1'~S K i\ . 1991 preserved on a bedd ing plan e

(locality Z PA L 9).
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Fig . 9
Acc umulation of iso lated sca les o f Marambionella andreae J ERZ~I A NS KA , 1991 on a bedding plane

(Z PA L P.1I1/21) see JERZM ANSKA ( 199 1). Scale bar is I cm long.

Fig. 10
Tw o ske letons o f Manunbionclla andreac J ER i'. ~ ,,\ N S KA , 19lJ I

(Z PAL P.III/ la-b) see J E R Z~ I t\ N S K t\ ( l lJlJI) .
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Order Clupeiformes (sens u GRANDE, 1985)
Fam ily C lu peidae (sensu GRANDE, 1985)
Ge nus Marambionella JERZMANSKA, 1991

Marambionella andreae JERZMANSKA, 199 1
(Text -figs 8- 10, 14)

Remarks. - An abundant co mplete or nearl y complete skeleto ns (Tex t-figs 8, 10, 14), large frag me nts
of skulls and co mplete postcran ial ske letons; few iso lated crania l bones, large numbers of iso lated sca les
(Text-fig. 9), acc um ulated on a bedding p lane (see JERZMANSKA 1991 ).

Order Gadiformes GOODR ICH, 1909 (COHEN, 1989)
Family unknown
(Text-figs 11 -1 2)

Material. - Amon g the abunda nt scales of Marambione lla andreae, there were few small, isolated
sca les of gadiform fishes of uncerta in affi nities. They are represented by: three isolated, oval cycloid sca les
on a bedding plane (Text-figs 11 -1 2) wit h M. andreae (ZPAL P.III/lOf, 19b).

Dimensions . - The spec ime n ZPAL P.III/lOf - an almost co mp lete sca le about 4 mm long and about
2.8 mm wide (Tex t-fig. 11); ZPAL P.III/l9b - two adjacent sca les, the larger (Text-fig. 12) being about
3.3 mm long and about 2 .1 mm wide, whi le the sma ller about 1.5 mm long and abo ut 1.0 mm wide.

Remarks. - All these sca les have an oval foc us and numerous circ uli, arranged according to the
following patterns : The speci me n ZPAL P.III/l Of (Text-fig . 11 ) has a ll circuli running parallel to the
rounded edge of the sca le in the anter ior fie ld, below the ace ntr ic foc us; in the posterior fie ld, the median
circ uli, below the foc us , are oblique ly or iented and converging towards the center line of the sca le at sharp
ang les ; numerous lateral circ uli of the posterior fie ld are, however, almost parallel to the edge of the sca le.
Both sca les of the specimen ZPAL P.I1I/19b have almost centrally located foci , and the circuli of right
and left parts of the anterior fie ld converge alo ng the midline at str ight ang les , whi le the pattern of ci rculi
in the posteri or fie ld and in lateral parts resem bles that of ZPAL P.III/l Of (Text-fig . 11).

The structures, described above, resemb le most the sca les of some Phycidae, incl uding Recen t species
Phycis chesteri (GOODE et BEAN, 1878) and Urophycis ch uss (W ALBA UM . 1792 ) fide DAYI D ( 1956), as
we ll as some Me rlucc idae (Merluccius hubbsi MAR IN I, 1933; author 's own observations).

Fig. 11
Cyc loid scale of Gadiformes (ZPAL P.lII/ IOf).

1 mm

Fig . 12
Cycloid scale of Gad iformes (ZPA L P.III/l9b).
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Order Beryciformes R EGAN, 1909
Fa mi ly unknown

(Tex t-fig. 13)

1 mm

Fig. 13
Ctenoid sca le of Beryc ifor me s (Z PAL P.III/1 8b ).

Material. - Five ctenoi d scales on a bedd ing plane of
roc k sa mples wi th re ma ins of Marambion ell a andreae
(ZPAL P.III/8, 13, 16, 18 and 25), including two with par ­
tiall y preserved spi nes on the posterio r fie ld (Z PAL P.III/l 6
and 18). Of the othe r th ree only anterior and both lateral
fields are vis ible.

Dimension s. - Maximum width of the best preserved
scale (Z PAL P.lll/1 8b ) at the anterior marg in - 2. 1 mm ;
maximum med ial len gth - 1.9 mm. The othe r, less co m­
plet e scales are of similar s ize .

Remarks. - A ll spec ime ns have highl y vis ib le smooth
medi al area . Nume rou s c irc uli are parall el to the ante rior
and both lateral edges . O n smooth posterio r fie ld, preserved
only in two spec ime ns (Z PAL P.III/l6 and 18b ), there we re
nu me rou s sharply poin ted spines (Tex t-fig . 13). T hese
multiple spines and the pattern of c irc uli near the ante rior
and lateral edges d iffere ntiate the scales fro m those of
Recent and fossi l ga d ifo rm species belon ging to the fa mi ly
Macrouridae (DAvID 1956; IWAMOTO and STEIN 197 4).

Instead , these struc tures rese mb le the patt ern of c irc uli and spines in so me Recent species of beryci form
fam ily Tr ach ichthyidae, e .g. Paratracliichthys pro sth emius JORDAN and FOW LER 190 2 fide (GC)N 1987),
and those near the dor sal fin of Purat rach ichtltys sajad emalensis KOTLYAR, 1979 and Hoplostethus
natalens is KOTLYAR, 1978 (KOTLYAR 1980 ). Thu s the ctenoi d sca les described above have bee n ass igned
to the Beryciformes.

Beryciformes are known fro m Antarctica only from the Late Cretaceous strata of Seymo ur Isl and
(G RANDE and C HATTER.lEE 1987 ). Th ese re ma ins co nsist of a fragm ent ary cra nium and a poorl y preser ved
scale of Antarctibe ryx seymouri GRANDE et C IIATTER.lEE, 1987, belong ing to the family Trach ichthyidae .

DISCUSSION

DEPOS IT IONA L CON DITIONS

T he litho facies spectru m point s to de positio n of the stud ied part of Te lm2 wi thin a rel ativel y prot ected ,
ce ntra l es tua rine basin (POR I;BSKI 1995). It was dominated by tidal ac tivi ty an d influen ced by a periodi c
flu vial infl ow, as indi cated by the co mmo n occurrence tida l bundl es accompa nied by plant matter in
various decay stages , rangi ng fro m the perfectl y preserve d laea ves and shoots , tree logs and co a lified
frag men ts . The abunda nce o f the co mplete leaves suggests a forest grow ing by the es tuary sho re, from
whe re they co uld possibl y have fall en down di rectly into the wa ter or we re tran sp ort ed over very sho rt
di stances before being rapid ly buri ed in the sedi me nt. T he leaves must have been rather tou gh and leath er y
preventing their disintegrati on into sma ll frag me nts and ens uri ng thei r long term surviva l.

Th e eo-occurre nce of suc h preserved terrestri al flo ra wi th the marine c lupeoid fishes (Tex t-fig . 14),
togeth er with the ample evi de nce of tidal acti vit y, point to vigorous interacti on bet ween marine processes
and a flu vial infl ow, as wo uld occur in a tide-do mina ted es tua ry. Thi s is fur ther corroborated by the
co mmo n occurre nce of the sy ne res is? crac ks pointing to sa lini ty fluctu ati on s through incursions of fresh
wate r (BuRsT 1965 ). Th e low-di ver sit y tr ace fossil assemblage co mbini ng e leme nts of the Sko lithos and
the Cru ziona fac ies (PORI;BS KI 1995 ) is s im ilar to th at recorded in the subnorma l sa line condition s of the
presen t-day Georgi a es tuar ies (HOWARD and FREY 1975). C lupeoid fishes are known to penetrate far inland
in West Africa n estuaries (BEADLE 1972 , p. 57) .

Th e scales of Mara tnbi onella andreae we re probabl y acc umulated by the ac tion of bott om c urre nts
rem ovin g them from the fish skin. The mass occurrence of the M. andreae scales may indi cat e a seasona l
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Fig. 14
Bedd ing plan e show ing the plant -and-fi sh assemblage from th e loca lity ZPAL 9 re vealing 't Knigluiophvllum sp. (A ).

Maramb ionella andreae (B ) and clupeoid sc ales (ar ro we d) . ZPAL PI.11/1 3.

appearance of large sc hoo ls o f thi s spec ies possibl y rel ated to their spa wning areas. Such behaviour is
co rro borated by man y Recent c lupeoid spec ies spa wning in sha llow nearsh ore wat ers. es tuaries and even
in rivers (BLA XTER and H UNTER 1982).

Dep ositi on over the ZPAL 9 site took place on ebb-do minated. sha llo w subtida l to intertidal ? mixed
flats whic h backed to the SW the ce ntra l es tua rine cha nnel. The abse nce of unequi vocal signs of emers ion
points to a subtida l se tt ing. whereas the rarit y o f megaripples suggests the predominance o f non- to bro adl y
channe lise d flows over protected sha llow flats or in a deeper. tidal-dominated lagoon . A more open.
offshore se tt ing is unlikely, because of the abse nce of hummocky cross-stratifica tion, sca rcity wave-gene­
rated struc tures as we ll as the limitation of bioturbation and fauna to discrete hori zon s. The site under
co ns ide ra tion records a two-ph ase depositi on within a co nstruc tiona l cha nne l formed in a resp onse to
vo luminous grav ity fai lure whi ch affec ted the so uthwes te rn bank of the centra l es tua rine basin ( PO RI;BSKI

1995 ). Th e grav ity co llapse resulted in the rugged top ography of rot ated slide block s and inter ven ing lows.
A NE-SW or ENE-WSW striking scar was initi ated in the han gin gwall of a NW-Iy rotated slide block
and was imm ediately subjected to active tidal discharge s. The early infill phase reflect s the asymmetrical
filling of the scar through lateral accretion nucl eat ed aro und the upthrown edge of the slide block to form
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the IHS body ana logous to the point bar of a me anderin g tid al c ha nne l. Th e subseque nt VAS phase reflect s
a rather rapid aba ndo nme nt of the sca r and switch to deposition from less energetic , ebb-dom inated tidal
flows which accompanied the form ation of the plant-and -fi sh assemblage.

C LI M AT IC IMPLICATIONS

The past stud ies of the Lat e Cretaceous and Tertiary leaf floras from Kin g George Island (South
Sh etland Islands, West Ant arctica), documented a di stinct thermophi lous e lement which in the leaf
ph ysio gnomy is expressed by whole margin s and broch idodromou s or camptodromous venation (B IRK EN­
MAJER and ZASTAWNIAK 1986 , 1988 , 1989a, b: TOKARSK I et al . 1987 ; ZASTAW NIAK 1994). This element is
also prominent in the Pa leo cene floras of Se ymour Island, evide nce d in the mat erial o f DUSI~N ( 1908) and
CASE (1988) from the Cross Valley Formation .

Younger, Oligocene floras of the Notl/(~/clg us-Podoca rpaceae type from Kin g Ge orge Island sho w a
different character (ZASTAW NI AK 1981 ; ZASTAW NIAK et al . 1985). They document a di stinctly cooler
climate (B IRK ENM AJ ER and ZASTAWNIAK 1989 a, b).

The laurel- leafed e leme nt ha s not been fo und both in the materials from the ZPAL 9 site and in oth er
loca lities within the Eocene La Meseta Formation (C ASE 1988). In thi s resp ect the picture of the La Me seta
Formation vegetation seems to correspond bett er to the coo l-te mperate vegetation from the Oligocene of
King George Island (ZASTAW NI AK 198 1; ZASTAWNIAK et al . 1985 ). On the other hand, howev er, such large
leaves of Kni ghtiopliyllum andrea e or No tho fag us as those found at the ZPAL 9 local ity mu st ha ve
be lon ged to plants growing in more favourab le c limatic conditions than during the Oligocene of Kin g
Ge orge Island .

To sum up , the Eocene flora from the La Me seta Formation (ZPAL 9 site) indicates a temperate typ e of
climate, so mewhat warmer than in the Oli gocen e. Since the laurel -leafed e lement is pre sent in the Pal eo cene
Cross Valle y Formation leaf flora stud ied by DUSEN ( 1908) and absent in the locality ZPAL 9 flora, thi s latte r
seems to indicate co oler conditions. Nevertheless, thi s conclusion is equivoca l in the light of the pal ynological
resu lts of the older, Paleocene deposit s of Seymour Island . In ASKIN's ( 1988) opinion, they indicate cool­
temperate, moi st conditions recon stru cted on poll en spec tra . These reveal the domination of the poll en gra ins
of Podocarpaceae accompanied by Araucariaccae and Noth ofagus, as well as spores o f mo sses and fern s,
and poll en grains of A ngios permae including Prot eaceae , Loranthaceae. Myrtaceac , Ca suarinaceae, Ericales ,
and Liliaccae. ASK IN (19 88) has suggested that the vegetation was similar to that of the pre sent-day lowland
rain for est of so uthe rn Chile, and a similar conclusion ca n be invoked for the flora from the ZPAL 9 site .
Th e latter flor a resembles the present-day arauca rian forests with Not liofagus acc ompanied by Podocarpaceac
trees. Such forests grow in the Argentine-Chilean bord erl and between 30 and 40

0S

at altitudes ran gin g from
600 to 1800 m. The mean ann ual temperature in thi s area is + I0 to + 15°C, the winter temperature reaching
-YC on the Chilean sid e and -2(tC o n the Argentine side . Th e annual rain fall ran ges bewte en 600 and
1200 mm and the snow cover remain s for many months (H UECK 1966 ; HUECK and SEIHERT 1972).
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PLATE 32

Plant impressions from the Eoc ene La Meset a Formation (Telm2) , Seym our Island (loca lity ZPAL 9).

Dacrycarpus'l tertiarius (BERRY) ZASTAWNIAK comb. n. . . . . . . . . . 133

Fig. I . Impression of Dacrycarpu s'l tertiar ius twigs with imbricate leaves and longitudinal section of the shoot
fragment of 'l/vm ucaria sp. (bottom), natural size, ZPAL Pl.Il/6.

?Araucaria sp.

Fig. 2. Enlargement of ?Arallcaria sp. from Fig. I , x 1.5.

Araucaria nath orsti D USEN

Fig. 3. Leaf impression; x 2, ZPAL P1.III2.
Fig. 4. Whole leaf impression, natural size, ZPAL P1.II120.
Fig. 5. Whole leaf impression, natural size, ZPAL P1.II!l9.

Nothofag us sp.

Fig. 6. Leaf impression with bivalves on the surface, natural size, ZPAL PI.II/25 .
Fig. 7. Impression of large leaf. natural size, ZPAL Pl.I1/22.

135

135

Dicotylophyllum sp. . . . . . . . . . . . . . . . . . . . . . . . . . . . 138

Fig. 8. Leaf impression, natural size, ZPAL P1.II18.
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PLATE 33

Plant impressions from the Eocene La Me seta Formation (Telm2), Se ymour Island (locality ZPAL 9).

Knightiophyllum andreae (DUSEN) ZASTAWNIAK comb. n.

Fig. I. Twin impressions, natural size; a - ZPAL PI.III5b, b - ZPAL PI.III5a.
Fig. 2. Impression of basal part of leaf with long petiole, natural size, ZPAL PI.III21.

Cladophlebis sp.

Fig. 3. Fragment of frond, x 2, ZPAL Pl.I1/4.

Nothofagus sp. . .

Fig. 4. Impresssion of the almost whole leaf, natural size, ZPAL PI.III7.
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