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ARTICLE INFO ABSTRACT

Articlehistory: Anewsilicifiedwood, Sclerospiroxylonxinjiangensis Wan, Yanget Wangnov. sp.,isdescribed fromthe Cisuralian(lowerPermian)
Received I5SNovember2017 Hongyanchi Formation in southeast Tarlong section, Turpan City, Xinjiang Uygur Autonomous Region, northwestern China. The
Accepted15November2018 Availableonline fossilwoodis composed ofpith, primary xylemand Prototaxoxylon-typesecondary xylem. Thepithissolid, circular, heterocellular,
24November2018

withsclerenchymaand parenchyma. The primary xylemis endarchto mesarch, withscalariformthickenings ontracheid walls. The
secondary xylem s pycnoxylic, composed of tracheids and parenchymatous rays. Growthringsare distinct. Tracheids have mostly

uniseriate, partially biseriate araucarianpittingontheirradial walls. Helicalthickeningsarealwayspresentonboththeradialandthe

Keywords: tangentialwalls. Raysare2—14cells high, withsmoothwalls. Thereare2to7,commonly2to4cupressoidpitsineachcross-field. Leaf
Fossilwood traces suggestthatS.xinjiangensisnov.sp.wasevergreenwithaleafretentiontimeofatleast15years. Basedon thesedimentological
Aflgaraﬂora evidence, growthrings withinthe S. xinjiangensis nov. sp. could have beencaused byseasonalclimatic variations, withunfavorable
)Cill:;f::;n seasons of drought or low temperature. Low percentage of latewood in each growth ring is probably due to the intensity of climatic
Palacoccology seasonalityand/or longleaflongevity.
<2018ElsevierMassonSAS. Allrightsreserved.
1.Introduction However,mostofthefossilsarereportedfromtheupperPermian.
FossilplantsfromtheearlyPermian AngaraFlorainnorthernChina

Cathaysia,Angara, Euramericaand Gondwanaflorashavebeen developedin 19964, 1996b),and permineralized specimens (Wanetal.,2014,2016a,2016b,

China during the Carboniferous and Permian (Shen, 1995). Among them, the 2017a).

Angaraflorawasdistributedinalarge areaofnorthernChina,includingnorthern
Xinjiang, Gansu,andthe Beishanand AbagQi,DongUjimqinQiand XiUjimgin
QiofInner Mongolia,aswellasthe DaKhingganRange, Xiao KhingganRange,
and Changbaimountains (Sun, 1989; Huang, 1995; Zhangetal., 2007). Permian
floras from these areas are highly diverse as indicated by the collections of
compression-impressionfoliage (DouandSun, 1984,1985a,1985b;Livand Yao,
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are assigned to the Crassinervia-Nephropsis-Zamiopteris assemblage (Huang,
1995),andthoughttobelowindiversity (Zhang etal.,2007). EarlyPermianplantsin
northernChinaarepoorly understood comparedwithotherlocationsofthe Angaran
palaeophytoprovince(Huang,1995).

Northern Xinjiang Uygur Autonomous Region hasbeen proven as apart ofthe
AngaranpalaeophytoprovinceinthePermian (Meyen,1981,1982,1997;Sun,1989;
Zhu et al., 2005). Cisuralian floras of this area remain incompletely understood
(Huang, 1995). Little is known about the Cisuralian plant anatomy from silicified
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woods(Weietal.,2016),evenintheentirenorthernChina(Wan etal.,2017b,2017d).
In this contribution, we describe a new gymnospermous wood with coniferous
affinity from the Hongyanchi Fm. in southeastern Tarlong section, southern Bogda
Mountains, XinjiangUygurAutonomousRegion,northwesternChina (Fig. 1(A,B)).
It is characterized by a heterogeneous pith, an endarch primary xylem, and a
Prototaxoxylon-type secondary xylem. Frequent growth rings in the fossil wood
suggestseasonal fluctuationscausedbyclimaticandenvironmentalstresses.

2. Geologicalsettings

The research area is located in the Tarlong-Taodonggou half graben, southern
foothills of Bogda Mountains, bordering the northwestern margin of the Turpan-
HamiBasin, XinjiangUygur
AutonomousRegion,northwesternChina(Yangetal.,2007,2010; Obrist-Farner
andYang,2015,2016,2017;Fig.1(A,B)).The Tarlong-Taodonggouhalfgraben,
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.1.Mapsshowingthelocationofthe study area. A. Early Permian phytogeoprovince map (modified after Shen, 1995). I: Angaran province in Junggar-Hinggan Region; II: Cathaysianprovince (North China
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where the silicified woods were collected, was located at the easternmost
Kazakhstan Plate during the Permian (Sengor and Natalin, 1996; Ziegler etal.,
1997; Scotese, 2001; Yang et al., 2010; Fig. 2). Uppermost Carboniferous to
LowerTriassicconglomerate,sandstone,shale,andminor limestoneandvolcanic
rocks were deposited in fluvialand lacustrine palacoenvironments (Yangetal.,
2007,2010;Fig.1(C)).
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Fig.2.Palacogeographic map of Pangaeaduringtheearly Permianshowingthe fossilsite(star)inthe
easternmost Kazakhstan Plate, mid-latitude NE Pangaea (Sengorand Natalin, 1996; Ziegleretal.,
1997;Scotese,2001;Lictal.,2004) (modifiedafterScotese,2001).

Yangetal.(2010)definedtheHongyanchilow-ordercycle(LC) onthebasisof
interpreted depositional environments and palaeoclimatic conditions. The
Hongyanchi LC coincides with the Hongyanchi Fm. Itis composed of medium-
coarse sandstone, finesandstone, thin-bedded siltstone and mudstone and shale
depositedinfluvial,deltaicanddeeplakeenvironments. Itsbaseis atransgressive
surface overlain by deltaic deposits in SE Tarlong section. Its top isan erosional
unconformityoverlainby meanderingstreamdepositsofthelowerQuanzijieLC
(Yang etal., 2010; Obrist-Farner and Yang, 2015, 2016, 2017). Macrofossil
plantsarerarelyrecordedfromtheHongyanchi
Fm. in the Turpan-Hami Basin. So far, five species, including Walchia sp.,
Paracalamites sp., Rufloria ex. gr. derzawinii, Prynadaepteris anthrisifolia and
Noeggerathiopsissp.,havebeendocumented inthe Hongyanchi Fm. (IPEDXPA
and NIGPAS, 2003). The palynological assemblage was defined as the
Acanthotriletes acinaeciformis—Cordaitina ~ angustelimbatus—Urmites
incrassatus Zone from the Hongyanchi Fm. (Ouyang et al., 2004). Previous
biostratigraphic analyses attributed the Hongyanchi Fm.tothe Wordian, middle
Permian(Zhang, 1981;IGCAGSand IGXBGMR, 1986;Liaoetal.,1987;Zhuet
al., 2005). Yang et al. (2010) proposed that the Hongyanchi LC would be
Artinskianto KungurianinagebasedonaU-Pbzircondatation(281.42Ma) from
a volcanic ash in profundal shale from the uppermost Hongyanchi LC in SE
Tarlong. Fossil woods were collected froman interval 20 mbellow the volcanic
ashbed. Therefore, theirageis assignedtotheKungurian. Theenvironmentofthe
fossil-bearing sandstones and shales has been interpreted as a lacustrine delta
(Yangetal.,2007,2010),suggestingthatthetrees grewprobably inadeltaicplain
orinanearbyfluvialenvironment.

3. Materialandmethods

Nineindividualstemfragmentswerecollected fromasingle layer. Allofthem
belongtoone species based on theiranatomical features. Transverse, radial and
tangentialsurfacesofthefossil woodswerecutandgroundto30mmthicknessfor
transmitted light microscopy. Thirty-seven thin sections have been made forall
theninesamples. Onesample(PB22604)isdesignatedasthe holotypebecauseof
itswell-preservedinnerstructures. Thestem fragmentsweredescribedusingthe
terminology of Richter et al. (2004) and Philippe and Bamford (2008). A thin-
sectionmicroscopicstudyofthestemsindicatesthattheyarewellsilicified. Large
specimens were photographed with a Nikon D800 digital single-lens reflex
camera. Images weretakenusingaLeicaDM 5000 compound microscopeanda
LeicaDC500digital microscope camerasystem. The fossil woods and theirthin
sections are stored in the Palaecobotanical Collection of the Nanjing Institute of
GeologyandPalaeontology,Chinese AcademyofSciences.

4. Systematicpalaeobotany

DivisionFossilGymnospermae
GenusSclerospiroxylon(Prasad)emend. Zhangetal.,2007
Typespecies:SclerospiroxylonmarguerieraePrasad, 1982

Sclerospiroxylonxinjiangensis Wan, Yanget Wangnov.sp. Figs.3—7
Derivation of the name: The specific epithet indicates that the fossil wood
originatedfromtheXinjiangUygur Autonomous Region.

Holotype:PB22604,andtheslidesPB22604—1toPB22604-9 (Figs.4-7).

Typelocality: TurpanCity, XinjiangUygurAutonomousRegion, China(Fig.1).

Repository: Palaeobotanical Collection of Nanjing Institute of Geology and
Palaeontology,Chinese AcademyofSciences.

Stratigraphichorizon:HongyanchiFm.;Kungurian, Permian.

Diagnosis: Stemeustelic. Pithsolid, circular, heterocellular, withsclerenchyma
and parenchyma. Thick-walled cellsshowing circular patterns inthemiddle part of
thepith. Primaryxylem strandsendarchtomesarch. Tracheidsofprimaryxylemwith
helical and scalariform thickenings. Secondary xylem pycnoxylic, composed of
tracheids and parenchymatous rays. Tracheids rounded or polygonal, sometimes
squarish in transverse section. Pitting on radial walls mostly uniseriate, rarely
partially biseriate. When biseriate, pits alternately arranged. Bordered pits
commonly circular, rarely flattened in outline with rounded to oval apertures,
continuouslyarranged. Raysuniseriate,2to 14cellshigh.Ray parenchymatouscells
procumbent, rectangular. Cupressoid-type cross-fieldpitting. Eachcross-fieldwith
2to 7, mostly 2 to 4 pits. Cross-field pits oval to circular, bordered with circular to
elliptical apertures. Axialxylemparenchymaandraytracheidsabsent.

Description: Fossilstem fragmentsare 10to l6cmindiameter andmorethan 1 m
longinthefield (Fig.3(A—C)). Theyareeither wellpreservedascylindersorheavily
compressed, in parallel with depositional beds. Some of them are fractured into
numerous pieces(Fig.3(A)).Cortexandperidermalstructuresarenot preserved. The
following description is based on the thin sections from the holotype specimen PB
22604.

Solid pith measures 1.8 4.7 cmincross section (Fig. 4(A, B)). It isspeculated to
have been circular and estimated to be 2.5 cm in diameter in cross section. The
heterocellular pith consists of parenchyma, thick-walled cells, and sclerenchyma
(Figs. 4(B-E), 5(A-E)). Parenchymatous cells are mostly circular to polygonal in
crosssection(Fig.4(C,D));theyare25—130mmindiameter. Large parenchymatous
cells are commonly distributed in the periphery. Cell walls are commonly smooth,
circulartoelongated ovalin radialsection (Fig.4(E)). Sclerotic cellsarecommonly
dispersedin groupswith 8 to49 cellsdistributed throughoutthepith (Figs.4(D, E),
5(A—C),blackarrows). Eachscleroticcelliscirculartopolygonal inbothcross(Fig.
4(D),blackarrows)andradial (Fig.5(A,E),black arrows)sections.

Intworadial thin sections, numerous hollow and thick-walled cells formasolid
ellipsoidbodywithamajoraxisof3.2mmanda minoraxisof1.5mm,inthemiddlepart
ofthepith (Fig. 5(A)). Someparenchymatouscellsand sclerenchymaarepresentin
the inner (Fig. 5(C)) ormarginal (Fig. 5(B)) partoftheellipsoid body. Some ofthe
thick-walledcellsaredistortedintocircularpatterns inradialsections(Fig.5(B-D)).
Cellwallsarecommonlysmooth, rarelydotted (Fig.5(D)). Thosehollowandthick-
walledcells occurredcasuallyinthepithofasinglestemfragment. Their morphology
anddistributionintransversesectionscannotbe tracedduetopreservation.

Theprimaryxylemstrandsshowanendarchtomesarch maturation(Fig.6(A,B)).
Theyareallincontactwiththesecondary
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Fig. 3. Field photographs showing the original position of Sclerospiroxylon xinjiangensis nov. sp. fromthe Kungurian Hongyanchi Low-order Cycle, Tarlong-Taodonggou area, Turpan-Hami Basin, southern
BogdaMountains, NW China. A. Stemcylindrical, 15 cmindiameter, fractured intonumerous pieces. B. Compressed fossilstem. C. Threefossil stemsinasinglelayer. Thehammerwithabluehandleisca.35cm

long,andthepickisca.80cmlong.

xylem. Their tracheids are up to 35 mm in diameter and 700 mm in length. In

longitudinal sections, the walls of protoxylem and metaxylem contain helical and

scalariformthickenings(Fig.6(C), whitearrows).
Thesecondaryxylemiscomposedoftracheidsandparenchymatousrays. Growth

ringsaredistinctandofvariouswidths,upto

0.6mm (Figs.4(A),6(D)). Boundaries of growthrings are welldefined, distinctly
visiblebythepresenceofbroadearlywoodwith thinnercell wallsandnarrow late
woodwiththickercellwalls;the transitionfromearlytolatewoodisgradual (Fig.
6(D),white arrow). Tracheidsinearlywoodaremoreorlessroundedto polygonal,
insomeinstancessquarishincrosssection,about20—
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Fig.4.Photomicrographsshowingthe grossmorphologypithstructureofSclerospiroxylonxinjiangensisnov.sp. (holotype; PB22604) fromthe KungurianHongyanchiLoworderCycle, Tarlong-Taodonggouarea,
Turpan-HamiBasin,southernBogdaMountains, NW China. A. Transversesectionofthefossilwood,showingtheoverviewoftheplant axiscontainingpithandxylem(slidePB22604-1). Growthringsareshownby
whitearrows. Aleaftrace(blackarrow)horizontallypassesthroughthexylem.B. Transverse sectionofthefossilwood,showingtheheterocellularpith(P)andxylem(X)(slidePB22604—1).C. Transversesectionof
thefossilwood,showingtheheterocellularpith(P) andxylem(X)(slidePB22604-1). Whitearrowspointtolargecirculartopolygonal parenchymatouscellsintheperipheralareaofthepith. D. Transversesectionof
thefossil wood,showingtheheterocellularpith(P)andxylem(X)(slidePB22604—1).Blackarrow pointstothe groupedscleroticcells; whitearrowpointstolargecirculartopolygonal parenchymatouscellsinthe

peripheralareaofthepith. E.Radialsectionofthe fossilwood,showingthesolidheterocellularpith(P)andxylem(X)(slidePB22604-2).Black arrowspointto groupedsclerenchyma. Scalebars: 1 cm(A), |l mm(B),
200mm(C-E).
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Fig.5.Photomicrographs showingthe pith structure of Sclerospiroxylonxinjiangensis nov. sp. (holotype; PB22604) from the Kungurian Hongyanchi Low-order Cycle, TarlongTaodonggouarea, Turpan-Hami
Basin, southernBogdaMountains, NW China. A. Radial section ofthe fossil wood, showingthesolid heterocellular pith (P)andxylem(X) (slide PB22604-2). Blackarrows pointto grouped sclerenchyma; white
arrowspointtothick-walledcellsformingasolidellipsoidbodywithamajoraxisofca.3.2mmandaminor axisofca. 1.5mm.B.Radialsectionofthefossilwood,showingtheheterocellularpithwithgroupedsclerotic
cells(blackarrows); whitearrowpointstothick-walledcells formingasolidbody(slidePB22604-2).C.Radialsectionofthefossilwood,showingtheheterocellularpithwithgroupedscleroticcells(blackarrows);
whitearrowpointsto theparenchymatouscellswiththesolidbody formedby thick-walledcells(slidePB22604-2).D.Radialsectionofthe fossilwood,showingtheheterocellularpithwith distortedthick-walled
cells(whitearrows); blackarrows pointto the sclerotic cells (slide PB22604-2). E. Radial section of the pith, showingcirculartopolygonal parenchymatous cells(whitearrows)andsclerotic cells (blackarrows)
(slidePB22604-2).Scalebars: 500mm(A),400mm(BandC),100mm(DandE).

45 mm in diameter, arranged in regular radial files (Fig. 6(D)). They are longand pitsareabsent. Borderedpitsonradialtracheidwallsarecommonlyrounded, rarely
fusiform with sharp or blunt ends. Radial pits are uniseriate (Fig. 6(E-H), white flattened(Fig.6(G),blackarrows),contiguous, withcircular

arrows), withrarelypartially biseriate (Figs. 6(H), 7(A), black arrow). Tangential
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Fig. 6. Photomicrographs showing the xylemstructure of Sclerospiroxylon xinjiangensis nov. sp. (holotype; PB 22604) from the Kungurian Hongyanchi Low-order Cycle, Tarlong-Taodonggou area, Turpan-
HamiBasin,southernBogdaMountains, NW China. A. Transversesectionofthe fossilwood,showingtheheterocellularpith(P)andxylem (X)(slidePB22604—1).Blackarrowspointtodistortedthick-walledcells
formingasolid body; whitearrow pointsto the primary xylem. B. Transversesectionofthe fossil wood,showingtheendarchprimaryxylem(whitearrow)(slidePB22604-1).C.Radial sectionofthe fossilwood,
showingthepith(P),primaryxylem(PX)andsecondary xylem(SX)(slidePB22604-3). Whitearrowspointtoannular, helicalandscalariformthickeningsonwallsoftracheidsinprimaryxylem;blackarrowpoints
tothegrouped scleroticcellsintheperipheralareaofthepith. D. Transversesectionofthexylem,showingthe growthring(slidePB22604—1). Whitearrowspointtothelatewoodcomposed ofabout10tracheidswith
thicker wallsand smaller diameters; blackarrows pointtouniseriaterays. E. Radial section of the xylem, showing the uniseriateradial tracheidal pitting with contiguous androunded pits (whitearrows) (slide PB
22604-4). F.Radial section of the xylem, showing single helical thickenings on tracheidal walls (black arrow), and uniseriate radial tracheidal pitting with contiguous and rounded pits (white arrows) (slide PB
22604-4).G.Radialsectionofthexylem,showingtheuniseriate radialtracheidalpittingwithcontiguousrounded (whitearrows)andflattenedpits(blackarrows)(slidePB22604—4).H.Radialsectionofthexylem,
showingtheuniseriate (whitearrows)andpartiallybiseriate(blackarrows)radialtracheidalpittingwithcontiguousandroundedpits(slidePB22604—4). Scalebars:200mm(AandD), 100mm(C), 50mm(B,E-H).
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Fig. 7. Photomicrographs showing the xylem structure of Sclerospiroxylon xinjiangensis nov. sp. (holotype; PB 22604) from the Kungurian Hongyanchi Low-order Cycle, Tarlong-Taodonggou area, Turpan-
HamiBasin,southernBogdaMountains, NW China. A. Radialsectionofthexylem,showingtheuniseriate(whitearrows)andpartially biseriate(blackarrows)radialtracheidalpittingwithcontiguousandrounded
pits(slidePB22604-5). B.Radial sectionofthexylem,showingrectangularraycellswith smoothwalls(slidePB22604—6). Whitearrowspointstovertical wallsthatareperpendiculartohorizontal wallsoftherays.
C.Tangential sectionofthexylem,showing uniseriaterays(slide PB22604—7).D.Radial sectionofthexylem, showingthecupressoid-typecross-field pitting(slide PB22604—-8). Whitearrow pointstoupto 7 pits
arrangedinavertical columninasingle cross-field. E. Radial section of the xylem, showingthe cupressoid-type cross-field pitting (slide PB22604-8). Whitearrows pointto pitsareof faintborders withelliptical
apertures. F. Transversesectionofthe fossilwood, showingaleaftraceextending fromthesecondary xylemnearthepith (whitearrow) (slidePB22604-1).G. Transversesectionofthefossilwood,showingtheleaf
tracecomposedoftracheidswithscalariformtoreticulatethickenings(whitearrows)(slidePB 22604—1).H. Tangentialsectionofthefossilwoodwithpith(P)andxylem(X),showingamesarchleaftracenearthepith
(slidePB22604-9).Scalebars:20mm(A,DandE), 50mm(BandG), 100mm(C),200mm(F),400mm(H).

toovalapertures. Inbiseriateparts,radialpitsaremostly alternatelyarranged(Figs. Rays are homogeneous and mostly uniseriate (Figs. 6(D), 7(B, C)). The

6(H). 7(A), black arrow). The spirals occurring on both radial and tangential parenchymacellsofraysarerectangularandrangefrom 70to150mmlongand20to

tracheidal walls aresingle, clockwise oranticlockwiseinclined atan angle of 20—

. N 35mmbhighradially(Fig.7(B)).Cell wallsofrayparenchymacellsaresmooth.The
708,running overorbetweentheborderedpits(Figs.6(F),7(C)).

verticalwallsare occasionallyinclinedatanangleof40—-608.Intangentialsections,
raysare2—14cellshigh(Fig. 7(C)),and 7 cellsonaverage(n=400). Thecross-field
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pittingiscupressoidsensuRichteretal. (2004). Thereare2—7,commonly2—4pitsin
eachcross-field (Fig.7(D, E)). Cross-field pits are oval to circular, bordered with
circulartoellipticalapertures.

Oneleaftrace, circularintangentialsection,occursclosetothe pith(Fig.7(H)),
withadiameterofca. 320 mm. Itextends through atleast 15 growthincrementsin
cross section (Fig. 4(A), black arrow). The leaf'trace is mesarch (Fig. 7(H)) and
composedentirely oftracheidswithscalariformtoreticulatethickenings(Fig.7(F,
G)). The length of the leaf trace is more than 3.2 mm (Fig. 4(A), black arrow).
Tracheidsofleaftraceare6—1 6mmindiameter. Leaftraces arepresentinthreeother
samples, showingsimilaranatomical features. Theyarepersistentand commonly
extendingnolessthan 6growthringincrements.

Remarks: It is noteworthy that there are numerous hollow thick-walled cells
formingasolidellipsoidbodyinthemiddlepart ofthepith(Fig.5(A)). Someofthe
thick-walledcellsaredistorted, whicharecomparabletoauxinswirlsthathavebeen
described from the wood of fossil progymnosperms, equisetophytes and
arborescent lycophytes (e.g., Rothwell etal.,2009). However, in S.xinjiangensis
nov.sp.thehollowthick-walledcellsoccurinthe middlepartofthepithratherthanin
the secondary xylems. In addition, those hollow cells are different from tracheids
due to the lack of secondary growth on cell walls. There are neither typical
thickenings nor definite pits on their walls. It is proposed that these hollow thick-
walledcellscouldbespecialtransfusiontissuesinthe pith. Thisfeatureonlyoccurs
in two radial thin sections of the same specimen, and would not be a permanent,
diagnosticcharacter.

Therearethreelinesofevidencewhichsuggestthatthe persistentvasculartrace
corresponds to a leaftrace in S. xinjiangensis nov. sp. First, the vascular trace is
composed entirelyofcellswithscalariformtoreticulatethickeningson tracheidal
walls (Fig. 7(G)), which are uncharacteristic of the more mature tissue one would
expect to encounter in branches (FalconLang and Cantrill, 2001; Evert, 2006).
Second,areasofthevascular 2 trace in tangential sections are stable (0.08-0.11
mm ). In cross

section, the width ofthe vasculartraceisconstant (Fig.4(A)). These featuresmake
the vascular trace in our specimen similar to those in Araucariopitys sp.,
Podocarpoxylonsp.,and Araucarioxylonsp. reportedbyFalcon-Langand Cantrill
(2001). Shietal. (2017) described a coniferous branch from the Changhsingian-
Induan GuodingkengFm.ofTaoshuyuansectionin Turpan-HamiBasin, whichis
less than 5 km away from current research area. Leaf traces in theirbranch have a
similarsizetothoseinS.xinjiangensis nov.sp. Third,branchtracecommonlyhasa
much largersizethan thatofaleaftrace(Falcon-Langand Cantrill,2001; Shietal.,
2017). Italso exhibits a concentric outer layer of secondary xylem, which donot
occurinleaftrace(Falcon-LangandCantrill,2001).

The secondary xylem of our wood is characterized by the mostly uniseriate
ararucarian pitting and helical thickenings on radial walls of tracheids. It is
consistent with the genus Prototaxoxylon Kra“usel et Dolianiti (Kra usel and
Dolianiti, 1958; PantandSingh, 1987).FifteenspeciesofPrototaxoxylonhavebeen
already described from the Pennsylvanian to the Jurassic (Shilkina, 1960;
Gnaedinger, 2006; Wan et al., 2016b). Morphology and structure of pith and
primary xylem are important in the classification of fossil wood (Lepekhina and
Yatsenko-Khmelevsky, 1966; Lepekhina, 1972; Pant and Singh, 1987). Fossil
woods with Prototaxoxylon-type secondary xylem and pith are commonly
attributed to four genera including Taxopitys Kra“usel, 1928, Parataxopitys
Maniero, 1951, Prototaxopitys Agashe, 1977, and Sclerospiroxylon (Prasad)
emend. Zhang et al., 2007 (Kra“usel, 1928; Maniero, 1951; Agashe and Chitnis,
1971;Agashe, 1977;Prasad, 1982;Zhangetal.,2007). Theoccurrenceofsecretory
cellsand mesarchprimaryxylemin Taxopitysisdifferentfromthe sclerenchyma
and endarch to mesarch primary xylem in our fossil wood (Kra“usel, 1928).
Parataxopitys is distinct from the current fossil wood in its exarch primary xylem
(Maniero, 1951). Prototaxopitys has a homogeneous pith that differs from the
heterogeneouspithinourfossilstem(AgasheandChitnis, 1971; Agashe,1977).

According to the structure of pith, primary and secondary xylem, our stem is
assigned to Sclerospiroxylon (Prasad, 1982; Zhang et al., 2007), which has a

secondary xylem of Prototaxoxylontype, endarch primary xylem, and
heterogeneous pith with parenchyma and sclerenchyma. The type species S.
marguerierae Prasad has vertical columns of sclerotic cells in the pith and 1-3
bordered pits in each cross-field (Prasad, 1982), whereas in our specimens, the
sclerotic cells are grouped and distributed throughout the pith, and up to 7,
commonly2—4borderedpits ineachcross-field.S.neimongolenseZhangetal. from
the GuadalupianZhesiFm.ofInnerMongoliahasapithmorphology andstructure
similartocurrentmaterials(Zhangetal.,2007). However,itsuni-tobiseriateradial
tracheidpittingisdifferent fromthemostlyuniseriatepittingwithpartiallybiseriate
pits on the radial walls of our wood. In addition, both S. marguerierae and S.
neimengolense have uniseriate to biseriate pitting with circular, bordered pits on
tangentialtracheidalwalls,whichareabsentin ourwood.Basedontheevidenceand
discussion mentioned above, we establish herein the new wood species S.
xinjiangensis.

Fourteen Palacozoic wood species within eight fossil genera have been
documented so far fromthe Angaran palacophytoprovince innorthern China(Sze,
1934; Zhangand Zheng, 1984; Wang,2000; Zhangetal.,2007; Zhengetal.,2008;
Shietal.,2014; Wanetal.,2014,2016b,2017a; Weietal.,2016; Table 1). Mostof
them were collected from the Guadalupian and Lopingian. Six species have pith,
primaryandsecondaryxylem(Sze, 1934;Zhang etal.,2007;Shietal.,2014; Wanet
al.,2014,2017a; Weietal., 2016). S. xinjiangensis nov. sp. differs from all these
fossilwoodsbut S.neimengolenseintheoccurrenceofsclerenchymainthepithand
helical thickenings on the tracheid walls of secondary xylem. The record of S.
xinjiangensisnov.sp.providesadditionalinformationof biologicaldiversityinthe
Permianofthe Angaraflora.

Late Palacozoic tree trunks of substantial size that preserved a broad pith and
pycnoxylic secondary xylem are widely reported across Angara, Cathaysia,
Euramerica and Gondwana (e.g., He etal., 2013; Kurzawe et al., 2013a,2013b;
Falcon-Langetal.,2014; Wan etal.,2014,2016¢,2017c). Such fossils are mostly
assignedto eithercordaitaleansorconifers(Wangetal.,2003;Hiltonetal., 2009a,
2009b;Falcon-Langetal.,2014).Oneofthecharacteristics ofS.xinjiangensisnov.
sp. is the occurrence of grouped sclerenchyma throughout the pith. Pith with
scleroticcellsis commoninextinctand extantconifersandinsomepteridosperms
(Doubinger and Marguerier, 1975; Galtier et al., 1992). Branches of the Late
Pennsylvanian walchian Voltziales, such as Barthelia Rothwell et Mapes 2001,
Emporia Mapes et Rothwell 2003, and Hanskerpia Rothwell et al., 2005, are
documented possessing a pith with sclerotic nests (Rothwell and Mapes, 2001;
Rothwelletal., 2005;Hernandez-Castilloetal.,2009a,2009b,2009¢). Trunksthat
specifically showscleroticcellsinthepithhaveneverbeen observedinPalaeozoic
cordaitaleanaxes(Falcon-Langetal.,2014).
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Comparisons among gymnospermous wood species from the Angara Flora in China.
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Species Pith Primary Secondary xylem Type locality, horizone and ageReferences
xylem Pits on radial walls Xylem rays Cross-field pits
Cupressoid, commonly Tarlong, Turpan, Xinjiang; This work
2—4, up to 7 pits in eachHongyanchi Fm.; Kungurian
Sclerospiroxylon xinjiangensis nov. sp. Solid and heterocellular, with Uniseriate, 2 to Xi Ujimgqin Qi, Inner Wan et al., 2017a
parenchyma and scretory Endarch and Araucarian. uniseriate to tetraseriate 10 cells high cross-field ~ Mongolia;
Agathoxylon sp. B ducts — mesarch ? ) Aarucarioid, 3—4 small Zhexi Fm.; Guadalupian
pits 3—6 oval or circular
Chapmanoxylon teilhardii Sze emend. - non-bordered pits 4-12 Dalongkou, Jimsar, Wan et al., 2016b
Wang Solid and heterocellular with bordered pits Xinjiang;
Chapmanoxylon xiugiense Zhang et al. parenchyma and Pits commonly uniseriate, rarely biseriate Wutonggou Fm.;
Cordaioxylon houtoumiaoense sclereids Solid and (alternate), contiguous, circular to Cupressoid, 2-8 pits ‘Wuchiapingian
Zhang et Zheng emend. Wang heterocellular, with elliptical; tangential pits uniseriate; spiral
parenchyma, scretory ducts thickenings present Dalongkou, Jimsar, Wan et al., 2014
Ductoagathoxylon jimsarensis Wan et and sclerenchyma — Endarch Araucarian, uniseriate to biseriate, rarely ~Aarucarioid, 5-22, Xinjiang;
al. Endarch and Araucarian, triseriate mostly 612 pits Wutonggou Fm.; M.
commonly uniseriate, . —_— . ‘Wuchiapingian Zhang et al., 2007
mesarch partially - AraL}canan, uniseriate o pentaseriate, Wan
o biseriate. with taxinean bearing taxoid type third spiral 12 circular—oval pit et
Prototaxoxylon uniseriale Prasad g thickenings = circular-oval pits
with faint borders Turpan, Xinjiang; Zhang et al., 2007 al/.
Endarch Araucarian, uniseriate to biseriate Wutonggou Fm.;
Wuchiapingian Geobios
Endarch Shi et al., 2014
Septomedullopitys sezi Wan et al. Araucarian, uniseriate to pentaseriate Simple, 1-2 pits Sunite Z'uo Qi, Inner 2
Mongolia;
Baoligemiao Fm.; (2019)
Sinopalaeospiroxylon baoligemiaoense Cupre§50|d ortaxoid, I Pennsylvanian Zhang et al., 2007
Zhang et al. - _ o ) to 9 pits Xi Ujimgin Qi, Inner 8
Araucarian, uniseriate to pentaseriate Mongolia; Zhexi Fm.; 97

Sclerospiroxylon neimongolense

Zhang et al.

Xinjiangoxylon turpanense Shi et al.

Uniseriate, 2—14 cells high

Uniseriate, 4-8 cells high Uniseriate, 1-6 cells high
Uniseriate, 1-10 cells high Uniseriate, locally biseriate,
up to 20 cells high

Cupressoid, 2 to 5 pits

Simple, 1-2 pits

Guadalupian

Turpan, Xinjiang;
Guodikeng Fm.;
Changhsingian

Zalesskioxylon zhesiense Zhang et al.

Solid, heterocellular with parenchyma,
and grouped sclerenchyma —

Solid, homocellular with parenchyma
Solid, heterocellur with parenchyma —

Solid and heterocelluar, with
parenchyma, peripheral and grouped
secretory ducts and cells —

tertiary spiral thioksariaggs up to

12 cells high

- Araucarian, uniseriate to tetraseriate

Uniseriate, 1-10 cells high

Endarch Araucarian, usually biseriate,
occasionally triseriate
Endarch Araucarian, uniseriate to pentaseriate

Uniseriate to biseriate, up to 50 cells high Uniseriate to

- Mixed, uniseriate to.tetraseria
triseriate,

25 cells high

Uniseriate, 1 to
16 cells high

to ltS cells high Uniseriate, 1 to

Simple, 1-4 pits
Hami, Xinjiang;
Quanzijie Fm.;
Guadalupian
Urumchi, Xinjiang;
Permian

Xi Ujimqin Qi, Inner
Mongolia;

Zhexi Fm.; Middle
Permian

Xi Ujimqin Qi, Inner
Mongolia;

Zhexi Fm.; Guadalupian
Wei et al., 2016

Sze, 1934; Wang, 2000
Zhang and Zheng, 1984;

Zhang et al., 2007
Zhang and Zheng, 1984
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Arborescent seed ferns also exhibit a broad circular parenchymatous pith
surroundedbyaeustelicprimaryvascularsystemwith numeroussympodialstrands,
andathickdevelopmentofwood (GaltierandMeyer-Berthaud,2006). Comparedto
coniferous woods, pteridospermscommonlyhavehigherandwiderrays,and larger
tracheidsizes(Galtier, 1988,1992; Galtierand MeyerBerthaud,2006). Inaddition,
helicalthickeningsonsecondary xylemtracheidwallshaveneverbeendocumented
inpteridosperms. Thisspecificanatomical featureisalso foundintheliving Taxus
and other conifers, especially in the Pinaceae (Zhang et al., 2007). Grouped
sclerenchyma in the pith and helical thickenings on tracheidal walls of secondary
xylems clearly distinguish S. xinjiangensis nov. sp. from other Palaeozoic
pycnoxylic groups except for conifers. The affinity of S. xinjiangensis nov. sp.
remains uncertain, due to the lack of knowledge about the type of leaves and
reproductive structures that this stem bore. Compared to trunks and branches of
fossilandlivinglignophytes,itshowsa greatestsimilaritywithconifers. Therefore,
S.xinjiangensisnov.sp. istentativelyregardedtobeofconiferousaffinity.

5. Palaeoecologicalconsiderations

Presence of growth rings in S. xinjiangensis nov. sp. provides evidence for
seasonal variations of local climate. Growth rings in S. xinjiangensis nov. sp. are
characterized by verynarrow latewood and higher proportion ofearly wood. This
typeofgrowthringwith lowerpercentageoflatewoodhasbeenusedasanindicator
of intensity of climatic seasonality (e.g., Creber and Chaloner, 1984; Ash and
Creber, 1992). This fits with all other available evidence. Based on the
sedimentologicalrecord, greatclimatic variability persisted duringthedeposition
oftheHongyanchiFm.duringthe Artinskian—Kungurian(Yangetal.,2010).Ashift
fromhumidto semiarid climateisevident dueto the highly-mature stacked vertic
CalcisolsintheuppermostHongyanchi Fm. (Yangetal.,2010), underneathwhich
our fossil wood specimens were collected. In addition, dropstones in deep shales
suggestthatthelakeswere seasonallyfrozen(Yangetal.,2010).Macrofossilplants
are rarely recorded from the Kungurian in Turpan-Hami Basin. The sporadic
palaeobotanical record, including Walchia sp., Paracalamites sp., Rufloriaex. gr.
derzawinii, Prynadaepteris anthrisifolia and Noeggerathiopsis sp., in addition to
palynological data, also suggest seasonal climatic conditions developed in the
Turpan-Hami Basin during the Cisuralian (Liu and Yao, 1996a; IPEDXPA and
NIGPAS, 2003). Therefore, S. xinjiangensis nov. sp. would have lived under a
condition with a periodic climatic stress. In this setting, the unfavorable seasons
producedbydroughtorlowtemperature wouldbethemostlikelytriggerforcambial
dormancyandgrowth ringformation.

In addition to external climatic factors, growth ring morphology is strongly
driven by endogenous influences (Falcon-Lang, 1999a, 1999b, 2000a, 2000b;
Falcon-Langand Cantrill, 2000, 2001). According to the observations of modern
(Tomlinson, 1980; LaMarche et al., 1982) and fossil (Kumagai et al., 1995)
evidence,ithasbeenproposedthatgrowthringboundary markednessmaynotonly
beinfluenced bytheintensityof climaticseasonality, butalsobecontrolledbyleaf
longevity
(Falcon-Lang, 1999b,2000a,2000b).Infourspecimensof S.xinjiangensisnov.sp.,
leaf'traces with scalariform or reticulate thickened tracheids are found. They are
persistentandcommonly extendingnolessthan 6 growthringincrements. One of
them passesthroughca. 15ringincrementsbeforedisappearingoutof theplaneof
thesection(Fig.4(A)). Assumingthatgrowthrings wereformedannually,thefossil
leaftrace data indicate that S.xinjiangensis nov. sp. was evergreen with long leaf
retention times,inexcessof15years. Inmodernevergreenconifers,the presenceof
several cohorts of living leaves maintains sufficiently high planthormone which

controls vascular cambium activity to permit year-round wood production
provided that environmental conditions (temperature and water availability) are
favourablefor growth(OribeandKubu, 1997).Itishypothesizedthatintrees with
highleafretentiontimes, youngtracheidcellsinthecambial zoneareabletoexpand
totheirfullsizeuntiljustbeforetheend of the growingseason whenenvironmental
factorsbegintolimit growth(Falcon-LangandCantrill,2000). Asaconsequence, S.
xinjiangensisnov.sp.fromtheKungurianof Turpan-HamiBasin possessesgrowth
ringswithnarrowlatewoodandrelatively subtleringboundariesalsoprobablydue
tothegreatleaf longevity. Growingunderaseasonalclimate,S.xinjiangensis nov.
sp.showsaspecificadaptive strategy. Anevergreen habit would beadvantageous
undersuchclimaticallylimited circumstances, asitwould permitphotosynthesisto
startas soon as moisture or temperature levels exceeded the necessary threshold.
Modern temperate evergreen conifers are able to tolerate a wide range of
environmental and climatic variability in several ways, including restriction of
metabolic activities, dormancy and reduction of respiration and transpiration,
ratherthanlossof activelyrespiringortranspiringtissues (Parker, 1963; Mooney,
1969; Chabot and Hicks, 1982), so it is probable that the Kungurian conifers had
similarfunctions.

6. Conclusions

Anewwoodspeciesname, S. xinjiangensis, isproposed fora gymnospermous
stemcollected fromtheKungurian(lower Permian)HongyanchiLCinthesouthern
BogdaMountains, northwestern China. Details ofanatomyofthispermineralized
fossilstemadd to ourknowledge ofthe diversity ofthe Angaran florainthepoorly
known mid-latitude northeastern Pangaea. Groupedsclerotic cellsinthepith,and
helical thickenings on the tracheidal walls of the secondary xylem indicate S.
xinjiangensis nov. sp. woods are of coniferous affinity. Growth rings in S.
xinjiangensisnov.sp.areinterpretedtohaveformedinresponse toahighlyseasonal
climate. According to the evidence of vertic Calcisols and palynological data,
growth rings in S. Xinjiangensis nov. sp. very likely have formed during the cool
winter and dry season. Long leaftraces passed through up to 15 ring increments
beforedisappearingsuggestthatS. xinjiangensisnov.sp.mayhave beenproduced
by an evergreen tree, and maintained leaves for a relatively long time. The low
percentage of late wood in growth ringsin S. xinjiangensis nov. sp. was probably
controlledbythe intensityofclimaticseasonalityand/orinfluencedbythelongleaf
longevity.
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