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such as tBehigenhePodwelpdi semend

Fossils of pinaceous ovul at eDammgast askaey & o&ndeir maabumnmdcarand |y
the middle Early Cretaceous.fakimegr oudso weVv wWl, at2e0 Oclg n eL etsd xi a& aert
described in Aptian strata fHermmaNmo,r th0 1A9me rMactas, u Negsat eertn aHu.r,o0
and Asi a, (Mill er, 1976 a, 19 7BibnmuyFnad Bdgel -t aentg , a | Ma g €1s9,9 8 C o IRlait rzs
al ., 2001 ; Rot hwel | & MapesVala&a®diniSami tdhf &CaStaodcak eiys, d2e0sOc2r;i |
KIl'ymiuk & Stockey, 201 2; Herorfervao oedt oaRi.nlhish ORSBRUESA G2 Bh SArhi. t h
al ., 2017 De Brito & Presttansitat 2924 maiWwhs Ireonteitehef ambl|
Pinaceae under went a di vertshed iicmttéaromr ephtsen o rlLiarnngg & thetad |
Cretaceous period, the timiRdléfa,tBOléappeldirlancre etf alt.s, earl
representatives is stildl debatCedr eihbygyg ¢woalbvul 2081 cobeslia
2013; -lFaangcoat al ., 2016 a; Doenpgeas s ktaytai RéersH sonf mst nhivde V dgeinclgsA | v i
2019; Mat sunaga et al ., 2021196 0 )®ibasnedu r y o Ry & lehirelg etneSitpooc k@ fy , t Hi
radiati on. The earliest recoRidsi ngf et heRoft amwiell Pi d&Rypbpedggmtaa
preserved specimens or taxa kwlyosreol @&f fiinl imany nphyl ougnedneert i dce ba
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despite uncertainties regar ddienggr aidtesd aggience tshenknognnat i dgiers,c

gaps in its anat omi cal desprepenbnst(uedcyk eirst t & erHafldr,e 2 @O0 G ;e v
Willyard et al ., 2007 ; Ger natnadxormreamiad . po201 1 pn 2 0blu6t, 20486; tDal
et al ., 2017; Smith et al ., i2n0flo7r)mat Momrne otvheart, mianyt inle vtehre bdee saccrci

ofP. yor kshi Rr@ni s it was comwsircceneod basf urhteh eorl daefsftect ed by py1
ovul ate conRi Mawddo haisn g htapged our view of_ the

evolution of the genus and H®e DBi2Zifaz=2a@l f FarSke xJadmpl e, Mill er
(1976a) fthaet eod cibra tdbreAllgyiiaf 1960 in

t he Lower most Cretaceous ndcti nosl be hdgosccudmenrm st hteh eMogrse aBtas i n

antiquity of this modern gencuosnsh ultercefdf eass sepoeagerstuippprthé om
hypothesi s that t he ancestrBalsi oompMheki orfe,t H® 7 P;i nAejear eits a
distinctly [ nifd |l eent elr9efdba, Tipe MamMs) .Bassliviiera st oirn eBdlegli wastFi ¢
(1960) described the speci eshafsr oanc @umulnagtileed speeili man tofi ckwnielsast
cone coming from Weal den s€enmepoi €, dédposni tesn (Fhkgnowdm; Mar | i
locality in the Mons Basin,B&8Bellgiem. aln, paol2yrul ahe Wepesit
iUnfortunately, the one specliaregqelup odhi awhircomowulsi, s espeaidesngi §r
based is wunlocalized. Howevewestin( 1li2t7s. 3p rMaac)t,i ctaol Ityh eu n cad nep rAel shsi e
lignitic state, it resembl es& mWismblogdanrh,e bD3hke;r Bobhaszymshki neg!
the Belgian Weal den, angdr atihne@ adéh;er Demjgapaet i all es @f0 O0f7fiane 200 8
grey matrix are similar to tsheediuwsewals kémdo writ evaed i X ;n tthhea e wk ¢

no good reason t o doubt t Beaetr niis sacdamesHafit omget han@saavibeb | er ot
forma(Abwmin, 1960, Pinds8) buRatwmkisnpieicimas i on, the Baudour Cl ay
Bazhenova & Bazhenov has rec€émyl yFdremat ideers.cr iTtheed f homet hfeor m
Mi ddlI e Jurassic of Russia fpf&Bapmhnblobogiacoal BaenldgogeachRengicah; st u

Bazhenova et al., 2023). Ho weeavrelri, e sitt sAptoisan i ODe jiaax téte @dhy] 086
of the Pinaceae has not beemr0d@pl dSrpeadgnandeti tasl .Batzh®Ind)a.n larget |
yet unconfirmed. It does, bbadlbwegert,o-Pigarese Sadrnaivi ealgsn o $toir enat i
characteristiPdsnasdl tbel dgepusert aat imeleg considered as belongi
ancient origin of the genus,alif, 260Rge2050co8pagmadet al ., 2
The geogr aPhi & edegiagiians oufn c lLeaa rL o WW it hriAsi, meHad uedsse ngand Soigni es.
the Mons Basin, the wester nweaintds te a BtailrbeindiVa ab den gfradiiesnt aries
di achronous (Yans et al ., 2wl 5t;i pBaeelsmuetesalaf, d2a0l1l]a2)(.Yahs ¢t
western part of the basin, téedaesteerfrmcli®salairti aselr éstusdhf R lul o dSe
and geochemical studies as nliodudviie rBear(rRam wlalnx t b) eahaPesosApt i &
(Dejax et al ., 2007hb, 2007a,be2loglic;at Baelgd t ett oalc.ome2 0flr2gm SWea g In d
al ., 2012) In the eastern 1@Pa&6r0t), anmldet sesi mene st iaalel yt € mtoant iov
considered as belonging to tW¢. |l ate Albian (Yans et al ., 20
2005, 2010; Schnyder et al ., IZhe9o9Wealdens fraat elsndwn pwheestehnetr it
type sp@®ci inechognefsa from a westMens B8asan @adtefsweasklays buri ed s
locality. (Pirson et al ., 2008). The sedi me
Since its description, sevelalysautofdresn nloaneidn attheed shuenaieitr tt ca it
surrounding the age of this staaxdaen.anldn smolltescul Breyadali 8 sbuadi
Eckert & HallP.(2W0e#€l6g idcaah gletnthegdag wlsi te and gypsum), siderite, :
Pinuswillyard et .. b2 0OXT) . udEde sedi mentary | ayers frq
erroneous age iBaanrgree(m R Ban rdvawsli atne cones wer e collected con
into fossil calibrations of pmopecuians dvaeygergcadep@hdingr esu
pl aRR.e bedtgitche divePjoasd b el el eeenn, 1955; Al |l en & Wi mbl edon,
Pinaceae. However, SalR.dimeleg0@d).. (I12n0 1g7e)n ediad ,ndtheusdMe al den oui
t o esti mate di vergence ti mbsghbecamtsentofi ni tcsl ay mhmi grea wvd s a
stratigraphy and dating. Sedearabilcitayi andc resuditasceoft ®i paoe
using morphol ogical a nRl./ olr e Inpovl@eacsu leatr ad at,a 2i0rndljuded

in their analyses (Ryberg et al ., 2012; Gernandt et al ., 20
2018; Smith et aP., b&ldiaderladd riak bIStNA- i n

t hRi nawrsown group in each analysi s, forming a polytomy

with otherPisspegtanst ohnd extTihrectgpearidnesomeas collected by Pr
speciPées yofstrobus (Bommer , 1892; Harri s, 1953; Al vi
This work i s part of an ovgdian@ cewméesbooker ipni nsaecveeoruasl pa
species recovered in the BeligsioanatWedal sdeal éaci esh.i cAmomegc d me s d@ |
P. beilsgitche only | isted spe¢i &SNBebc7692d IfRINB ab Fi609dl, el RSNI
speci men (Al vin, 1953, 1957Longyg®60di naCo msnidd etrrianngs vdrtse anat
evolutionary significance, axireyvi stahes,s atntderseefeadrse hpaet beah:
needed. Mor eover, Weal den se@cicmenmetns | RSB rbi c7h6 9 0 n ( ;appydrtdotmel c a l
(Schnyder et al ., 2009) and JspBe oAlull att lre cmatee rsipelci mensunate
affected by it, as are the icpddreaddmansofofBetrhnei sRayal, Bvdli giharmrc
from the same Wealden faci gsRB(N8&8)defnoBtusxxselesdud,el §D0 6;
Leduc, 2012) . Pyrite decay aApdpdei atriso na b | yh,a vfei vaf fPe mtaecdk ae hieo s s

hol otype and ©&nl petmpescgpman sdéfhraveompani sons, Pased Smnitkpiybl i c
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Fi gurAeGelo.l ogi cal map of the Mons Basin and B®&oewoillbgloabhl stices onmaodi
(Marli re, 1970; Yans et al., 2010).

Pi nus yor PshiyoehsbbuAsl vilPo mme2rOil 2 ; Schne

cl i ff woMidlelnesri s & MaPRii mky , b wkaantdk iinmages of anat omi cal sectii
Bazhenova & Bazhenov (Al vin, milObsdBscopd |l eZei&s MalAxnbyp) ah9 &6;I
Sai ki, 1996; Ryberg et al ., WwiOtll2; aBaz hheanlcovgae netl armp , HADQ 3)0.0)
. . Deltap camera. Observations
n® aSuK2Ra done wi t h a stereo mi c€Coscop
(magni ficabRdpn a@he 6sbrts were
Trdi mensional observations andgi Gam€Comi cal snoefatswarreement s
wer e obtained using the anatomical thin sections of Al vi

ider et al ., 2012;

(1960) and -Bygmpst ey Tamogr aphy {@GAT)SYITa® LIt S2ya2t238

three isolated scali€s fweaciel stpnokedt e t

he nano

RBI NS using akVEassgihoer 18BRX SDil witsiomrs,Pi3nDophyt a
X-Ray tomography systems)-r dayi ttCddaswi Phnapsnamo fBauawnset X
source and a 320#530mm detect dr.de®v (Pliinfad recu Gosoalhankpeci men
Il RSNB b 7693, I RSNB b 7694, | RaMB Il ly P6dacware SpcanmngedeiknRud
their entirety wusing an iron fGehRsnwd. 15 mm at
of 10 Om, with an electron acPehes ahlebign emmergdedf 80 kV an

current of 100 mA . The segmentati on

software

Cronqui st,

a spatial

Mi mi cs

and

I €

Il nnovation Suite 21.0 (Mater Tglpies e pleREEeNIBg nbu n7)6 9 Wa s f iuglerde dt d
reconstruct the volume rendelrV,ngEli3g@d . t W&HS tf bB-igisg .

P. bel gReaonstructions ar e n uanvbaeirl sa; bl 44,
Supplementary materi al sectiooalllections

, Brussel

The material was al so photographed with a Ni

camera equi p-BpeBDXwNtKH &M AR/ 3. 51l sotlyR&NB

b 7693,

Il RSNB b

kon D90

5.6G ED VR. Measurements on the specimen were perfor med

digitally with | mageld/ Fiji 1.T5y2pne 4 wfctawarp kaSdhihbodelaibmt vt

7694

i 4pl anad o &
Jspde)lJi N RBI(NsSeePal aeon
s, Bel gi um.
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Bel gi um, Early Cretaitabes Alpmiesskling Btartleeni margin between the
fiWweal dewm.facies (Plate 2A & B).

The vascular cylinder is 1.6 mm
Emended divaid rad i secoonmnei,c .o vichiedecomel ary xyl em (Pl ate 2A, B, F,
43 mm |l ong and 28tamen wothpl efCesnetheupbaal !l yslightly dissected (F
arranged. Visible peduncle «ocfyl3 nflemmi bomgrwandenrsd& wint hwisdneal |
Ovul i feroulsbl gmamalleosnggr ear oundi @ tmme wiylleem n( Pl ate 2A & B). The
maxi mur@i3daamdt hi ck. Scale basefisr aebei ddoawiet3he @c iprirctusl a(rPl at e 2
wi de. Scales are thickened ixnytloe ma prohsosnebsosieds atprogpchhyesii ds awidt hh alve
a prominent 2idiomstathi wknboScal eNso agrreo wg éhr gii mtgesntar e vi si bl e.
(fl exer cone). Apophyses are The oi di®emmamndnguied 6&orttoexX8 anme
wi deengl e formed by the wuppsranmdarmgednsluoBent we dap d plges e r . Resir
110A. I nterseminal ridge prepreemsentextendiheg ifnorerl ecsosr ttehxan dirad
di ameter of the seed. Axill aagcueloanp | ex!| isrecpear at PMa®.eBm2oimn & rBa)c.t
near base. Bract and ovulifdramset srcalaedsaddragdtee tloatabaut ytht
Bract and scale traces origbnamshiumg t(eRll. atBer a3c)t. rTehsei N nma&malco
present, two in number. Vas@QWwl)ar cylinder continuous, slight
di ssected. Seeds inverted, wi Bgeastctalt o caplled&lseo.ubbl3ecm!| es ar ¢

l ong, 7.0 mm wide in maxi mum and

DescriTphtee ospeci men consistld) .ofScahe ovad @as earcconeess than 3.9
broken into fdBHY @mdt shi(&®é¢atbolliidéedd states a rhomboid apophy.
(Pl ate 1E, G, H). All scal esdaoarrsealf ruambme n(t Rirayt. e SkEWer Rl ataem ab B mi
thin sections were prepared mmy IKaond.amd vén3 ommowiedef ( Phat &r d E
parts of t I2ié )Tchoen ec o(nPel aitse s4 3 bmym tlloen gu papnedr 2nlar gi n of the apophy:

mm wide (Plate 1A). The numbreirgiorfatgiymges iins tah®@urcdré etxg 7supmh
cone is stalked with a visi Bled weedu nccolret exxf a3n.d5 sncrma lleo nbga saensd, 4t
mm wi de (Pl asealleA) conmBprlaecte swi ahef ehveltirciadhoymes (Pl ate 2A & C)
arranged (Plate 1A & D). and a scale is illustrated throug

Axi Ehe cone axis di ameter( Pwase n3e)asuBrralctomnd scale trace
transversally broken part ofcylhiendeorne THdyataer eeCyni tted metasuhes
mm in diameter. The avail abThe asnianglnmd ctard a cper etphaam t d iownisd eosn liyn t
di splay a part of the axis (kPrlactebt2)ha cke Bds tTthaet pdft ht Hes b maotmp
and measures 3.2 mm wi de s(cRalleet-edctd)ews& | IB)supbty itshe scal e

parenchymatous. Cells are vaorviualbilfeerionu ssiszealrearsgipmg aft eome25 aOi
to 99 Om in diameter. Larger The |l sxialrlearsyi tawammelde xi ns etphaer acteenst rf
t he pith while they progreg®ilad@y.4f8calsemat It ace tiowarabaxi alel
periphery (Plate 2B). Ther eshiaped)p afetsdrn ddarealgenne tdared ptietnhd
Sclerenchymatous cell s occurbr(aPcltatter a2cDe) . ( Pllhaetye a B, iG,0l Rt edi @q.r
di spersed in the <centre andanggelte pmiadr etshsei vaexliys njdPrleat & b L Ad &n tD
towards the periphery for mi ng gmcc aosfi osncaall es crleel recatsiec bruets tiss (bPrlo
2B) . Secretory cells are pretsreancte (dPdraitwe s2 Ef)r,orffretwh e eswin kanat a

®

scale

vascular
strands

FigurSseh&matic reconstr
of thescédractcompl ex
vascularization and d
of resin canals at t ho
scaN.@cheme of the scal
bract tracesB.organi z
Bract and scale trace:
wi t h associated resi

wing

scale trace

seed resin

canals bract trace

resin canals Bot h reconstructions
scale bract anatomical informatior
trace .
bract Miller (1976a) and ar
trace _ _ observations illustrat
cortical resin %24 .

canal
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H) . At the base, resin canallsocarld tgi.t ulahtee de aashtaexrina | Weya Itdoe nt hie
(Pl at e 2A) . The scal es ar eprabmablay | ¢ atsecd efrmamct (ePl laatee 240
Gradually going up toward t hnee endieddd Iteo ovfe rtihfey stchailse ,h yrpeostihne sci:
divide and move to the cent rPer ecsftitamemisca20e2 1()P| ahAte 6EKe BEst
up, they continue to divide depglognotve 6o Berradasbat @podgdi tHaount
the top (Plate 5D). At the emdddte tBme rleemi ealn dfo tehae | ayp cAphyi sa
abaxi al part of the scale beadames20cOo/map)P.et Bh gphiosnpneises i e da
resin ducts are mainly situdtoecdalon yi to§d Beaxiislsasitddg ARRI at e
E). The | evel of sclerificathaelngisaauinksn oaMnon gi ttshestsrcat iegn( #p a
the base, it is very denselymprcéeeirséj edbettvarinalllay eanBdarh aani
sclerified | ayeiF) adBeitawkeken ORebadlsgBtame from a |l ocality o
bundl es and t he adaxi al faeet hoefr flhene sfcrmdm, ant heeasties sueer i
parenchymatous (Plate 5A). ABagihre (lAlvweiln,0ofl9%6h0e) .seed, the ab
part of the scale is more andl morkesolfkbegi hakbddasthkPl pbélkeogi w:
the cells disappears compl etwelry @Pl athé gbA) . t AMan thwer st o(pT aobfl
seed |l evel, there is a graduabkteaduofi @b imm tame tt hiec kv ag sh
densely sclerified part, anfchei pi thheciosmemssotprcogpéesievelny sdce
sclerified abaxially (Plate55Bm& The vaka&.uDhiméwc ¢ loif o & ehren scseel
gradual ly é&iBl & gCds, (bRlcaotme ng menl eéanr Ityhevi gii bienalt desclrBl@ti on.
the top of the wing (Pl ate nmnB)Il. onTghei nssctaelaeds odr e2 0l ersrs  smide r7
thereafter, there is parenchyymatabaxisa&leldy amnmneéseadb.kd. anit het o
vascular bundles (Plate 5C) . ohgwladhBddm twhied edivehialle eind, t hbde os
undergoes sclerification onmat uargeaisneedab axiealfliyufed mand nmd
apophysis (Plate 5D). Abaxi awildye t(oAltvhien,v alsxéd ,arf ibgu.nddle)s., Wh
the sclerified portion of t hleocagptoepchyisn st hepaR8h NISy rfraal ias oma oll
present Vascul ar strands arceonaeb abPe gl &l scionmbveesxe at ot h d°es eceodn
(Pl ate 6C & E). Towards theyotr«kphDb fPaurtdndst 8c abe mmarcd | ¥ &svool.
strands bifurcate, forming wpetomuthB momaéel eFromsgatamdl.s GddPrleatve
Pl ate 6D) for all spéci anu tvehiicelpti SPOGMuU anm

Bradhe. bract trachH)islteimebel (péxkhabbei t3sA a thickened rhomboi
4mm wi d@.iZ2mmd t hi ck. The br actusmbcoan soinnhiyl Rbre rhaodBtnh gsme k@hablee s i
cresestion, which means thatl) heStRheglsdaodghincdai mat grnd nPifltemnige |
bracts cannot be observed ( Wloammenk) . clAft ftwed dvwersdiiss@r gerdcé?9
scale trace, the vascul ar butheleades s anthhseimufi®éam) alrasae dafl g
supply the bract (Plate 3A)t ha&on tPessyeo rokf@h.at smm)r.e Tphree sweindtt.h

bract has one vascular bundle and is parenchymatous (Pl ate
Bract trace extension enters the bract (Pl ate 2C). Al t houg
_bract Was_cut Ionglt_udlnally Pt wmne ““““'SPEéIEgREEAé‘TITIb"‘"' its
interpreting successive tra - = ate 4
bract is pointed in shape (H s 2 §§.:er di
(Plate 4D). In transversal s §.§0§§§,§ §”§ £ Rrezoid
at the base (Plate 4A), foI_ISERIES STAGE Q:§Q§b:§ a.:_é §§ckeni
seqiircul ar manner in the mid 5 | &<)g on
sides (FP)l.athet 4Bhe base of th > SIS fge,

al most in contact with the Maastrichtian s wer
observed (Pl ate 2C). - '

Inter semi nseeleSisiatl gs dedAT t W M% Comipmik

at their base (Plate 6C & E) ES SomioEaD Pt ween
scale and the seed. An inter| §g Coniacian // ind e x
for |l ess than half the di ame . - . Two
three isolated scales have i © oo e (PI
& E) Seeds are winged (Pl at Cenomanian | east
mm | ong and 2.5 mm wide. Th t i Ssuc¢
(Plate 1E). Sarcotesta and g Albian hick.
resin vesicles are visible | = t e gumi
sclerotic (Plate 5A). 55 Aptian //
ComparWeomsmpare the morph %E Barremian

agePof betlogifcaur other specie 2 Hauterivian .

cones, bel ongHinngunddliot ¥ & #tTradhh e © Valanginian

Fi gurPRi nu)s. i mutpoieci sely dated .

( 8 98 63.M\8a ; Sai kiPi nu® 9 &.rikss hiat Berriasian

relatively wel | dat édaufeoimvitame Val anginian

transition (Pl3Celbf Mapgivbimsé eBi gluuSkiragi graphic r ePianandit i yostof olCu
the Sd@ampaanan (8@7t2e2MaBAi nuspecHiensus AlVign cRI1LOGH)Smiutkoi RilOwWs ) ,
bel qinda t . baormmelb ot h fr om t he oBled hdRiy &emrsdW\eea |IPdae p o  t2r0d Ry sMic lliefrf wo
faciPedyostrobwas bbomedi in tthe78BPet nasstsraomlisi ho Mh&BB) .



ueluoyleg; €207 Aouayzeg
91-C1T N4 87°0-10 lATA 8-S ploquioyy |esiog 0T—£ LT U180 18 PalIUN | X810 JBuul T 90 L't 0€-6T SS eissny ‘poJosjeg . lupapyng snuld
-8uojq0 J1sSeIN[ 3|PPIN 3 eAOUBYyZEg
. uejuedwe)
g — — 10qWo esio — — uisio 1e payun Xo302 Jauu -1 00'Z-0T'T 4 4 [ 21U02-PIOAQ vsn 4esiar —uejuojues 986T SISuUapoomffifs snuid
ST0 € VN 9 0T-9 ploquioyy | a 68 -8 I pay o upuasaid ! p! MaN ‘Poomd ! Aqullen g J81IIA ISU3p { 4
‘snoase1as) ale
uendy
wnigjeg
uiduo X9}02 Jauul |eaupulAd . . Jaddn—-uejwalieg
ST'e oLy 70 L0t Sv ajeaun) |eulws | €11 66T 0L1-0€'T 05°0-0¥'0 [4 8'sT S'TET ulseq SUOIA ‘saloey €S6T UIAY uawwiog snqo.isofiid
1edjeledss | 3y ui Sul suo pue paieduo|3 B 3|PPIN
uapleap ‘Messiulag
‘snoaseyas) Ajieg
, 2102
NN DAYSHIOA uelALRINeH
lIemy30y 18 8uy
09°'T-T S—€ £80°0—€L0°0 VN VN ploquioyy |esioq 6-S LT VN X340 JBUUl 0L T-0€T 0L0 [4 Te-9¢C 0s |eatuo) ‘uojaads ‘uonewlo) —ueiuiduejep ‘sadeyy ‘uoll SIsua.1ysyJoA snuid
Aep uoisads ‘snosdeias) Alles W UolIH
‘Aax003s ‘B1aqAY
X310 Jauul ueder ‘Ay) esexIN ueeIuo)
S 9-S 0z’o 08'T-0S'T 0T'1-06'0 ploquioyy |esioq VN 0ov—S€ [4 VN VN 09 00t . . loanw snuid
ay1 ur ul suo ‘A3]jeA emezelewes | ‘snoadelal) a1e
(spaas (spaas uelary
X31402 Jauuy ajeT-uelwalleg
aumewun) | aamewiws) ¥1°0-080°0 0€'9 0€°L ploquioyy |esioq L L1-ST 3 08T ET°0-TT'0 VN 114 k374 21U03-pIOAQ  |wniS|ag ‘uiseg SUOIA Jaded siy) pasinai p1bjaq ‘d
ay3 ur Sul auo a|pp!
960090 Ly T-SCT " B IPPIN
snoasejal) Ale3
~ X340 |eixe ueiq|y-uelwsa.ieg
1 14 6 05°0-0T°0 0T-L 8-9 ploquioyy |esioq 6 (14 110 38 payun VN 4 S 0€ 14 21U0d-PIOAD  [winiBjag ‘uiseg SUON| 0961 UIAlY 021613q snuld
ay3 ui Bul auo 'snoadeja.) Ajie3
@]
2.
&
uosod (wiw)
= (wuw) ssauxyoiyy suoljealap (ww) (ww) (ww) (ww)
pue 3suasaid | (ww) (ww) X302 3y} 1912Welp
+ (wuw) yapim | (ww) yadua 159304325 (ww) yIpim | (ww) yadua adeys a%en Jajawelp J913Welp yipim yidu9| adeys auo)
Jaduasqe YyIpIM y18ua ul sjeued uisay 1apunhd
. pue 359302485 oquin ajeas pue yeig X3410) sepnasen yud auo) auo) aesor a8y saouasajal ule sapadsoydion
~
-
(a) spaas sishydody $3|B3S SN0JYNAD Sixe auo) sIXe auo) SIXe auo) sixeauo) | sixe auoy saunjeay [esauan
<
—
=
e Dwun_ u i mL.w\nu_uo:muhwm_‘_Hucw.w._wwhﬁomm._cmucUC_C%BC.@_EEBOE@\Z.&.AMNON h._m. 19 G>ch£Nmmv AOUB Yyzeg ® e NAND UM YEZRIF] snu lIHyue
TS PP PNyl pIN NEODENTED NI MM ARy s NR O HEI@EY I'd si@dew ‘uo ) | IH ‘AejosIsudbidgABes Sny1&S) 1oy nESAPMUIEL S 1Y ]
(096T ‘U 183yPIDAB NFHY EDINW) P reAO SN EDSId S Qd ydppuey 1Y lew pue sd 111 |eod20 | ‘spbhy|gqel

1 p u eS8 = offl pledgl Jsonsuepd e u 16 10
[



[® 59 .wLG¢h 9@ Lb[!®Y .@ghRL{tIhd [hIC2 9w / w9c¢! foh! { |

is similar in all species, diaagnaogt ifcc omatsurfe tof 1tthi3s momh & m
scalkPs Ibdédleginga 7 mm wi de) . Siemipll aorr etdo i nt hfeurr tshpeerc i setsudi es. Th
ofPi naursdi t y osltirsotbeuds iPn. Thaeblbgsi cdai agnosti c, as Mi Il er (1977) h
|l imited number of resin canatlhserienf otrlee acsosruneex ,t lmatr anged icrha
around the vascul ar cylinderxchudiheg i ameai dmaitefxt. b nMshti bst adgie
from®&Il ¢y1960) interpretationkndowlteddey were present in the
axi al cortex (Plate 2A). PThe Wearadcsctwegtepoanhdfercl|l ehetE&tat ot
bel geixchai bi t a thickness rangirngchformem QPD&8td 02A0,. 1CG) .mnQur ob
similar Pt omuthaz ndh) yaonrdk(sth.ii ed&rsd spresent in the periphery of
0.087 mm). However, it i sP.sipgnihf iaxcnmdhtVgsdechliamercythadet hgdtl
bommerwhich is 0.41 mm. descri Pti drclognffciar ms i ts assi gnm
In the original description,nbil VAInvi (1 961096 0JescTTheébedbgersv
canals |l ocated abaxially andf e@attadeswalsl ymadiea x ipalsisy bdte skl
I'n our reviewed description,prreessirrnvatamal sofoft hteh es pseccail ree nb,a s
only abaxial to vascul ar st rsaenddisme nrt cst aobfl yB erlegg aurml..i nAglo trt tkhaetn gvinae
scale trace and resin canal ssdeeivVvVedohsomai hed,conlee acgu a!| i(tF
3 H; Fig. 2) . Mor eover, resi . c beabnbds ctaneer et i srsiugisn alrley | e s C rwie
within the vascular cylindermakMdsvibngl glidesalo f, thlhuda @lud e soth sree p/ra
reveal that they are actualPiynmisobasedh aan tehxec eper iomladr ypr e §
vascul ar cylinder, along the O@Ototluemrdamgdibfeit weattinonsh ec crop dred a
the vascular cyP.i nderk g Rileraw receasic)e.r nl nt he measurements of tt
canals were observed in thessecondeaey mgtdembygf At henvgdeeD:
cylindeP, bel gvihéea h has no r®tsiwmctcuarneasl soni nt htethe peci men our s
xylem of the vascular cylindetructures, we found difference
. those of Alvin (1960), ranging

cd 5Aa0dzaarzya to 30% (for the cone width).
measured by Alvin (1960) at 45
Our revisedPdebectognpftiaroons otfhe ( Palklsencle .of Ot her structures w

three traits that Pam@Midlilagmo#d@ it &appandy, genak as the width
rhomboid thickened apophysesat 21 pmm naogianicredt dBOr snamdt f womb Al vi
bract and scale traces unitec ani ntdtheéhati ghe. cBaeeethals tbraint

been modified from the origPnaat désdrnhiipt idonf fefr e Atei may 1l a6 (
including mul tiple charact ebisast haltn apraer alulselal] | y nscodisedor i
mor phol ogi cal matrices (Smithtypet hasi ze d 0tlh7rat Gehren asnidzte eotff a
2018). An important reinterpdreyiand oaf dé¢ &les maittrh xt haendortighe i £
of resin canals at scal e basspedinmdensd, weAi2eb i%pmrad il 86 D yt hdaers ctr v &
presence of resin canals adsaixiealbaasnedd amaxihel otbheset hWat ivears cal
bundl es at scale base. Ho we vtehre, Itohciasl i ways omi ¢ & ]itd diresfr icattnreidk e bnygr
observations (Plate 5A & Plamal 6€)y: tlwe cambders oblamvederes
canals only abaxial to the Vias ctuhlearn obw nddrl ye sma tTrhiixs. i[s. .d.e]p i TcH

the suggested reconstructiomriel lthatsr amteiamd yt 26 el 8@Alttibm,n o
br esctal e from the axis (Fig. 1296.0,l tpsh®3ys tHat sulygewa y dt hteh ab

and scale derived from the <pe&ei nexnss, iisncdrmldyi ngo rntshies Poennet due
resin canal s abaxi al t o vashceullgairavabsu npld @lsa b IRye sii @d uccaenda | & f toer
abaxi al to the vascul ar bundlreys nigs od dihaegnfosssicl chpe @aicmens
g e nRiisntulsa t is not found in owattahe toonmeost eoft lndth-b aved ehradvrea o &
(Miller, 1976 a; Shang et al .phe2n0oOnle;n okl yimm uke &e iSttloxx kegp| | 2 01l¢
The modification of this trdiotcails tiympdr tHantt ragea ana itthewae
by Alvin (1960) asabfteangii nemeoadfvwed a( Biog . 4) . However, no
posi tRPonbedigihcdan ©heamngtke nawtsh e rb egfeonreer at he process of retractic
of Pinaceae. We have describbgpecimenshesehbwreg thme staime wanf
bract and ovuliferous scalie extparmdle- aasd Ingragyditentge ymefai srusrte n{emnlt a

B). This character was not dfecsrcrcompdabiysdhvi Noae9®6BBB) esbut wie
observable on his plates andcdigehemadauctAloni of 1960( bp. ma@su
4) . Usually in phylogenies,sitzhei sofc htéreacctoenre vaarsdd it heéi ¢ antpe d 1
separate laterally first (GesmpmaaoidtRRirttyosésktpr,o bautsl 8 )e.ct Bhdi satf elda |
scale and bract separating meidimial diy tfortsheishikinmkinngdg oe Dtcicma

genAbgleasrTxugat hi estamdbusome spepioes aafl vy, the defor mati on o
Pityostrlmmbutshe ot her gener a tohfusPiandesdaed(bygclthei ndpseéheatio
extinct Betnteireas t Omibuas t ranbducsP . vil I(drrotme ntshies | ocal ity of V
Pseudoayaudharisacal e and bracdn stehpearsapteeci Imetne wal Icyol fecsed fr
(Miller, 1977, Ryberg et althe29é@) menrvti | b ehlav(iloOu/r7 )watsr annostf e
Pinusi honhyostr,obarsguliynngnit halk odéalei ttireasce é moff e or |l ess i mpor

bract and scale separate medliadalyPtfy besifsgaodknown]| ataemrda | Weya | (c
based on the entrance of brarcepnesacrtaedcd bhe fforuee dpiafrfte roefntt h
I'n subsequerPt. diygnsndgkewags, belehaiB@trabcee dCliany For mati on, the Ba
t hPei nculsade (Ryberg et al., 20H2ytrGegemanCdtayet Fal mPi R0 h &)a Gdldwe
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Fi gurEexa4npl e of size modification of a fossil ovul ate com&0adtemn its
HautrageBouwcamaumequarry. The sedi ments are dated to middl)e Harrsemivard a
cone is ®isgiypsetm.obhise blue delineation (right) shows the cavity | ef
measurements of the total Il ength of the cavity inedrdghalrleductcopi @ed HY
Formation; Yans et al ., 2005di s20rliObjutlred] axt ethal edg20bed we2h0 7
Schnyder et al ., 20009, Bael @ hetr edly. ,modd ¥ 2;i ngp aogunra en d earl s t, a n2dOi
Mor eover , Pi naceae materi aleawds e$bumnePpirmemsse ni aei vdeisf foefr ent
localities where these different formations have been accessi
(Baudour, Bernissart, Hautralg]lyewlfiSeRDYSYyBaume, Bracquegnies
La Louvi rAi meHaduwdengnd Soignies) (Yans et al .,
2005, Yans, 2007) . Sedi mentWel adhiacnakl t ieu Rioysal hBekegisahnowinnst it
di fferences in sedi ment ati ofnacadd t ateipongi bCTeslc a ®me it rh@is mepnat atn
bet ween Hautrage (fluviati | eDIleXlvTiOrdo npmeonjte; c tS paangdn aC aenti | d-le. ,L o2c0alt’
2008) and Bernissart (|l acustGTiWee atlyspe térawnikr Ammde retw; LResjl ax off &
2007a; -MBramoo & Prestianni ,an®0Rdbhi an$i Hee r etrhae o f the Field
composition of t he sedi menttshebhet weadnuabheseormmertld,tiwlsi cshndgr
formations is different, it mamuwsoctr ibpet .assumed that they behayv
the same way during drying (unless a comparative study is
conducted). At this point, el KzyNMJo®©f ¢$IiNS\ Oodizea 2Af & i n (1960) of
possible shrinkageP.ofbeleeincssype® speci men of
be i kely but not certain. L®hi e sBirriitnk,ag¥alneingthithn IFraee hdérean
continuing over the | ast 60 hgepnrojedhi sL.hyRoRhesoomogsfapdyn d
shrinkage after drying is i mporDt.aBnt almelcaCuseé.i tcowdulcd etheahet bl
the di mensions of the ovul abeB.c,on.s Flamthdm&y b ®. owhet e ptl hmen t m«
remains) in the Wealden sediments could be underestimated and
unreliable. This again call sSlkflolr lt®eAf mPorftAalnée of conductin
thorough taphonomic study of these fossil pl ant assembl ages.
. Al'l the material is curated in th
TO® /2y 0Ofdzarzya the Royal Belgian Institute of N
Brussels (Belgium) -t@u anr asnatfeeekienegp i t
The cBserusfhbhepmgesant s a systemdtacadi aeimimat y The ot her researcl
revision points sever al approximations i n t he original
description (diagnosis, measwdemdbtysQS&tratigraphy, age). |Its
uncertainty is fairly broad, from middle Barremian to | ate
Al bian and it should be thusalused R.ar efadsl.y Agre -Wedltade| &E\ieradmghet.n
studi es. We Pc onbfeiprgms séadhaes di@epnogt ¢ xl M2 GidBilhet ps92,/doi.org/ 10
charact &1 inGiesi gs, of hi ckened apopbyses680006adUinced
dor sal umbo, resin canal s akhbakeml| Pt.o &t We misiceadloan, t Wak.e,, 1®mLact C
scale traces united at ori gi Ryr bwealicdhe n markensmat ihries LeperciGrset dde
second ol dest ovul ate cBineug eMnrgd $ edhrtesatsp & eCr off actelod@id yB.OEsSar ¢ h, 1
The sPeciyog kishhi thasios dest ovudoadt.er g/0lnees TWHh ® 28920605
dating and origin are wel!/ sAppoyrt &BdL. ,anid5i3t Wbwuded abe ea dv é cuast
to use it in priority in the BenaliysmesMenbdtriamihd elyalir edtess Sv¥ ie &
anat omi cal features differentBygl gtilyai@2.im25t he original descrip
(resin canal s only abaxi al Atwi nyawk.clw.l,arn9sErendb eis§ e(ctoredeactiose)@mid
ovuliferous scal e separatingnomedicalRiyyafmidr sdusmovielslbgr otdeanecmb $
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Weal den of Bel gidums.t i M&mo irrceya Gleed ela n dStc,i eDc & s, Hol man, G. , Campbe
naturelles d&E7Bel gi que, 135, Raubeson, L. A., Liston, A., St oc k
Al vi n, K. L., 1960. Further conifePrhsyl mfgeimeée i Psnacdeaat bnomantdef Wesal
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