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Abstract: The present paper represents the second part of the palaeoxylotomical study on the “Grădinaru Collection” 

that is housed by the National Museum of Geology, Bucharest. By the study of a new material collected from the 

Getic domain of the South Carpathians, Romania, the following taxa were identified and discussed in detail: Proto-

cupressinoxylon dragastanii, Protojuniperoxylon holbavicum (sp. nov.), Brachyoxylon holbavicum, B. cristianicum, 

Palaeoginkgoxylon sp., Bucklandia sp. A, and Bucklandia sp. B. All the studied specimens suggest to a tropical Early 

Jurassic petrified forest. Thus, the new data have not only palaeobotanical importance, but they also contribute to the 

palaeobiogeographic, palaeoecologic and palaeoclimatologic knowledge of the Mesophytic. 

 

Keywords: Early Jurassic Flora, Petrified Forest, Gymnosperms, new taxa. 
 

 

INTRODUCTION 

 

The present paper continues the study of the "Grădinaru 

Collection" that is housed by the National Museum of 

Geology, Bucharest, which is affiliated to the Geological 

Institute of Romania. Detailed information on the geolog-

ical setting and stratigraphic data regarding the newly 

described material have been provided in the first part of 

our study, devoted to the petrified woods found in the 

Lower Jurassic coaly deposits from the Holbav and Cris-

tian areas, which are located in the easternmost part of the 

Getic domain, in South Carpathians (see Iamandei et al., 

2018). 

In addition to the older material collected by EG more 

than 50 years ago, new material collected in 2008 from 

the Holbav area, during fieldwork by the authors, is stud-

ied here. The age of the coaly deposits in the Holbav area 

is Hettangian to early Toarcian, documented by palyno-

logical dating done by Antonescu (1973) and Antonescu 

(in Săndulescu et al., 1984), and also by Toarcian ammo-

noids found by EG in the overlying marine deposits (see 

Iamandei et al., 2018). On the contrary, in the Cristian 

area the coaly deposits are dated as Hettangian-

Sinemurian, with the first marine transgression during the 

Pliensbachian, as indicated by a diverse and abundant 

fauna of bivalves, belemnites and ammonoids (see 

Iamandei et al., 2018). 

Several Early Jurassic lignotaxa have been described in 

the first part of our study (Iamandei et al., 2018), as fol-

lows: Agathoxylon holbavicum Iamandei, Iamandei and 

Grădinaru, Brachyoxylon holbavicum Iamandei, Iamandei 

and Grădinaru, Brachyoxylon cristianicum Iamandei, 

Iamandei and Grădinaru, Protophyllocladoxylon holbavi-

cum Iamandei, Iamandei and Grădinaru and Palaeogink-

goxylon sp. The present palaeoxylotomical study repre-

sents an advance in the study of Early Jurassic petrified  

 

 

woods from the easternmost part of the Getic domain in 

the South Carpathians. Alongside already described lig-

notaxa, such as Brachyoxylon holbavicum, B. cristiani-

cum, and Palaeoginkgoxylon sp. (in Iamandei et al., 

2018), some new Early Jurassic lignotaxa are described 

here, as follows: Protocupressinoxylon dragastanii 

Iamandei and Iamandei 2000, Protojuniperoxylon 

holbavicum sp. nov., Bucklandia sp. A and Bucklandia 

sp. B. 

 

MATERIAL AND METHODS  

 

The studied fossil wood material was collected in the 

mid-section of the Maiului brook (coordinates: 

45o39'12.74" N; 25o22'51.02" E, elev. 776 m), which is a 

tributary of the Holbav valley (see Fig. 2 in Iamandei et 

al. 2018), coming from the lower part of the effusive py-

roclastic sequence of the Lower Jurassic deposits of the 

Holbav area.  

The fossil wood material is represented by fragments of 

petrified trunks, sometimes partially charcoalified and 

subsequently silicified, being encased in volcanic lahar 

deposits. The original dimensions of the petrified trunk 

fragments are variable, from decimetric to metric.  

The samples of petrified wood were firstly macroscopi-

cally studied and the directions of standard oriented sec-

tions: transverse, tangential and radial, were carefully 

marked. Then, slabs were cut and thin sections of petro-

graphic type were made in the specialized laboratory of 

the Geological Institute of Romania, in Bucharest. The 

mounting of lamella was replaced by the application of a 

transparent lacquer pellicle (even with nail-polish). 

The sections have been studied under a microscope with 

transmitted light (NIKON - Eclipse E400), and micropho-
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tos of structural details were taken with a digital camera 

"EverFocus". Then, for each specimen, plates with mi-

crophotos were compiled using "PaintShopPro" program, 

combined with "StarOffice5.2-Presentation".  

During the microscopic study, description of the xy-

lotomical details with possible taxonomic value was 

done, for every specimen, in all the three standard orien-

tated sections.  

In the section of "Affinities and discussions" we compare 

our studied structures with published xylotomically de-

scribed fossil forms, in order to identify the studied fossil 

wood as a known taxon, or a new taxon.  

The xylotomic description generally followed the nomen-

clatural code for gymnosperm woods of IAWA Commit-

tee (2004) and Ruffinatto et al. (2015) and the genera 

assignment of Philippe and Bamford (2008) and also, the 

suprageneric taxonomy of Gymnosperms of Christenhusz 

et al. (2011) and Lu et al. (2014). 

 

SYSTEMATICS 

 

Gymnosperms 

Division Pinophyta Cronquist, Takhtajan and Zimmer-

mann ex Reveal, 1996 

Order Cupressales Link, 1829 

Family Hirmeriellaceae Harris, 1979 

Genus Protocupressinoxylon Eckhold 1923, nom. cons. 

prop., (Bodnar, 2017) 

Protocupressinoxylon dragastanii Iamandei and Iaman-

dei, 2000 

Fig. 1, a-i. 

 

Material  

The studied material is represented by 14 samples of si-

licified wood collected from the Holbav area. All studied 

samples are fragments of trunk or thick-branches, of dec-

imetric size, dark to black color and by magnifying glass 

or even by naked eye, the regular fibrous structure with-

out vessels suggesting a conifer wood. The described 

specimens attributed to this taxon have very similar de-

tails and have the following field-numbers within the 

"Grădinaru Collection": 1074, 1077, 1082, 1084, 1086, 

1088, 1092, 1097, 1098, 1099, 1100, 1104, 1106, 1109 

and are stored at the National Museum of Geology, in 

Bucharest, under the inventory numbers: 27691, 27692, 

27693, 27694, 27695, 27696, 27697, 27698, 27699, 

27700, 27701, 27702, 277203, 27720. 

 

Microscopic description  

Growth rings – in the studied samples represent second-

ary xylem, which is tracheidoxylic. Thus, in cross-section 

they appear more or less well developed, sometimes wide 

with more than 60 cells, showing a fairly abrupt or gradu-

al transition from early- to late-wood and distinct bounda-

ries of the growth-rings. Normal or traumatic axial resin 

canals absent. 

Tracheids – in cross-section appear large and with rela-

tively thin walls in the early-wood, having quasi-

polygonal cross-section (4-5 sides), and are sometimes 

deformed by compression. They have radial/tangential 

diameters of 30-60(70) / 25-60(70) μm and the wall 

thickness of 4-7 μm double wall. Where gradual size 

transition is present, a well-developed transitional wood 

is visible, with tracheids gradually diminishing their sec-

tion and tracheidal wall becoming progressively thicker, 

until the final 3-5 rows of the late-wood, which consist of 

smaller radially flattened cells (with r/tg diameters of 20-

25 / 10-20 μm) and thicker walled, of 8-10 μm across the 

double-wall, marking the growth-ring boundary. Between 

two successive rays, 1-9 radial rows of tracheids can be 

counted. Sometimes, radial rows of smaller-sized trache-

ids are intermingled. The density is between 750-1216 

tracheids / mm2. In longitudinal view, tracheids have on 

the radial walls 1-2-seriate pits, sometimes contiguous, 

and of mixed type, because when are biseriate the pits are 

often alternately arranged. Sometimes crassulae are pre-

sent. The pits are of abietinean type, have 10-12 μm di-

ameter and round to oval apertures, of 5-6 μm. No details 

about torus. On the tangential walls, pits are usually ab-

sent, or rarely present, as poorly preserved, uniseriate, 

small round pits, of 5-6 μm in diameter, with small round 

to oval aperture. Inside the tracheids, organic deposits are 

sometimes present as dark remains. Average tracheid 

length is difficult to measure. Helical thickenings on tra-

cheids are absent. 

Axial parenchyma – in the cross sections is usually absent 

or rarely present, as dispersed thin-walled cells with dark 

content. In longitudinal view it appears as rows of rectan-

gular cells, with the horizontal wall thin and smooth, rare-

ly feebly nodular and with some dark remains inside. 

Rays – usually appear thin in cross section while in tan-

gential sections appear exclusively uniseriate, sometimes 

with some biseriate storeys, having up to 15 cells in 

height, sometimes more. Their density is 6-9 rays per 

tangential millimeter. In radial view the rays show homo-

cellular aspect, with parenchymal cells all procumbent, 

18-20 μm tall, marginals slightly taller, of 25-30 μm. The 

horizontal ray-cell walls are smooth or slightly rough and 

usually pitted, and are relatively thin (2-3.5 μm double 

wall); the tangential end-walls are relatively thick, of 1.5-

2 μm the simple wall, smooth or slightly nodular, but 

usually poorly preserved. The indentures are missing or 

difficult to notice. Spiral thickenings were not observed, 

most probably are absent. The cross-field pitting is of 

cupressoid type, showing 1-2(4-5) pits, in 1-2 rows hori-

zontally arranged, and sometimes irregular or even to 

slightly alternate aspect. The pits are oculipores of cu-

pressoid type, 8-10 μm in diameter, with slit-like or lens-

like apertures of 2-5 μm. Sometimes cross-field pitting is 

difficult to observe, due to poor preservation or to the 

presence of organic content. 

Radial or axial resin canals – are absent.  

Mineral inclusions – usually are not present. 
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Fig. 1 Protocupressinoxylon dragastanii Iamandei and Iamandei, 2000 (inventory no. 27699).  

a-c: Cross section - tracheids polygonal with rounded corners, linear rays and diffuse parenchyma; d-f: Tangential section - 

uniseriate rays with polygonal ray-cells, sometimes with biseriate storeys; g-i: Radial section - radial pitting on tracheids 1-2 -

seriate, of mixed-type; when biseriate, pits are alternate (g, i); cross-fields with 1-2(4) cupressoid pits, when more - are slightly 

irregular or alternate, in two superposed rows (g, h). 
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Affinities and discussion 

The xylotomy of the here studied 14 specimens is defi-

nitely pycnoxylic and homoxylic (or tracheidoxylic –  

sensu Creber, 1972), having tracheids with radial pitting 

of mixed type, no resin canals, little or no parenchyma, 

exclusively uniseriate rays and cross-fields with 1-2(4-5) 

cupressoid pits with slit-like inclined apertures, arranged 

in one or two horizontal rows, which are slightly irregu-

larly to even alternately arranged; all these characters are 

evidence of a typical cupressaceous structure. Such de-

tails as: radial pitting on tracheids of mixed type, cu-

pressoid pits in cross-fields, to fairly araucarioid ar-

rangement, axial parenchyma showing few and radial 

pitting of tracheids of mixed type in a Mesozoic wood 

structure indicate a wood-type from “Cheirolepidiaceae 

family”, as defined by Alvin et al. (1981) and Alvin 

(1982).  

The synthetic description of all the studied specimens 

was compared with the diagnoses of Mesozoic genera 

with cupressoid oculipores in the cross-fields as described 

by Phillips (1941), Kräusel (1949), Vogellehner (1967, 

1968), Müller Stoll and Schultze-Motel (1989), Philippe 

(1995, 2002), Bodnar (2017), and it appears that our ma-

terial is mostly consistent, at generic level, with Protocu-

pressinoxylon wood-type. In fact, the Mesozoic conifers 

were grouped, a long time ago, based on anatomical fea-

tures, in the "Protopinaceae family" (Krausel, 1917 This 

family name was noted by Bamford et al. (2016) as hav-

ing a dubious taxonomic status, and they recommended 

its abandon. 

However, the name Cheirolepidiaceae, attributed to Turu-

tanova-Ketova (see Fossil works – online), is not a valid 

name, as remarked by Doweld (2020), who considered an 

alternative name as being more correct for the Mesozoic 

gymnosperms characterized by pollen of Classopollis-

type. Thus, he applied the valid family name Hirmeriel-

laceae Harris, 1979 - and proposed this family name “for 

conservation against Cheirolepidiaceae”, the latter being 

considered as "inadmissible, being based on the illegiti-

mate later homonym Cheirolepis Schimper, and thus, 

itself illegitimate” (see Doweld, 2020). 

This genus name, Protocupressinoxylon, was established 

by Eckhold (1922, pp. 490-491), to designate Mesozoic 

fossil conifer wood-types described like this: “wood with 

annual rings more or less distinct, tracheid pitting in vari-

ous transitional arrangements, both horizontal and end 

walls of ray parenchyma cells smooth, resin canals ab-

sent, axial parenchyma occasionally present, cross-field 

pits cupressoid”, but not specifying their number and 

arrangement. 

Initially, Eckhold (1922) included seven species in the 

protologue: Protocupressinoxylon cupressoides, P. juras-

sicum, P. potomacense, P. eboracense, P. koettlitzi, P. 

vectense and P. mesozoicum, but without designation of a 

clear generotype. Only later, Andrews (1955) designated 

Protocupressinoxylon cupressoides (Holden) Eckhold, 

1922 (not 1923, see Jogmans and Dijkstra, 1974, p. 794) - 

as the species-type for that generic name. However, the 

species Protocupressinoxylon eboracense which was 

initially assigned as type-species of the Protobrachyoxy-

lon genus (Holden, 1913) was included by Eckhold 

(1921) along with other species in the protologue of Pro-

tocupressinoxylon genus. But the original material seems 

to be lost, and the analysis of Holden’s description and 

figuration suggest either identity with Protocupressinoxy-

lon Eckhold, 1921 or with Brachyoxylon Hollick and 

Jeffrey, 1909 (see Bamford and Philippe 2001, Philippe, 

2002).  

Recently, Bodnar (2017) proposed the genus name Pro-

tocupressinoxylon to be conserved, together with a pro-

posed generotype – P. malayense Roggeveen, 1932. Also, 

she proposed the necessity of a systematic revision of 

several described taxa, since abnormal details were de-

scribed for some species of Kräusel (1949), like resin 

ducts in Protocupressinoxylon potomacense, P. solmsi, P. 

vectense, P. luccombense, or multiseriate rays, like in P. 

weidlingense (in Kräusel, 1949, pp. 183-185). 

For this genus many species of fossil wood from all over 

the world ranging from Permian to Cretaceous have been 

described, especially after Kräusel (1949), who admited it 

as valid genus, and he even has described two species: P. 

dockumense (Torrey) Kräusel and P. coromandelinum 

(Sahni) Kräusel.  

Later, new European species were described, as for ex-

ample:  Protocupressinoxylon catenatum Schultze-Motel 

1960 (see also Iamandei and Iamandei, 2001), P. liasinum 

Schultze-Motel 1960, P. leonardianum (Charrier) Vo-

gellehner 1968, P. rhaeticum Vogellehner 1968, P. 

munense Shilkina and Blokhina (in Blokhina, 1975), P. 

purbeckensis Francis 1983, P. carentanensis Barale (in 

Philippe, 1995).  

Also, Iamandei and Iamandei (2000, 2005) have de-

scribed an Early Cretaceous species from Dobrogea, Ro-

mania: Protocupressinoxylon dragastanii Iamandei et 

Iamandei, which has radial pitting uni- to biseriate, oppo-

site or alternate, no parenchyma, rays of mid tall, uniseri-

ate or partially biseriate and cross fields of cupressoid 

type, sometimes with an araucarioid tendency (i.e. alter-

nate pits).  

More recently, Correa et al. (2018) studying an abundant 

population of wood remains (58 permineralized trunks) 

from Argentina, described a new species as Protocupres-

sinoxylon carrizalense, and made a comparative table of 

32 species. They observed that only 24 from them fit the 

generic diagnosis, but eight species (i.e. Protocupressi-

noxylon alternans, P. cenomanicum, P. mesozoicum, P. 

luccombense, P. jurassicum, P. koetlizi, P. potomacense 

and P. vectense) present cross-fields pits that are different 

from the cupressoid type: either not bordered, or typical 

taxodioid (see Correa et al., 2018). 

Since the specific details inside the genus Protocupressi-

noxylon are very similar, it is very difficult to discrimi-

nate between them, but through comparative study of 

their descriptions, and using also the comparative table 

from Correa et al. (2018), we tried to identify our materi-

al, which present these clear xylotomical features: tra-
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cheidoxylic secondary wood, having radial pitting 1-2 

seriate, of mixed type on tracheids, few parenchyma or 

absent and uniseriate rays with cross-fields with 1-2(4-5) 

cupressoid pits per field, spaced arranged in 1-2 horizon-

tal rows when more, to irregular, or to slightly alternate. 

These xylotomical details are very similar with those de-

scribed by Iamandei and Iamandei (2000 and 2005) for 

the species Protocupressinoxylon dragastanii from the 

Early Cretaceous of South Dobrogea, Romania.  

Thus, based on the above discussion, we attribute all the 

14 studied specimens to the species Protocupressinoxylon 

dragastanii Iamandei and Iamandei, 2000, as another 

Mesozoic European taxon. 

 

Genus Protojuniperoxylon Eckhold, 1922 

Protojuniperoxylon holbavicum sp. nov. 

Fig. 2, a-j. 

 

Material  

The studied material is represented by 7 samples of silici-

fied wood, collected from the Holbav area, on Maiului 

brook. All studied samples are fragments of trunk or thick 

branches, of decimetric size, dark to black color. Viewing 

through a hand lens, or even by naked eye, it is possible 

to see the regular fibrous structure without vessels, which 

indicate a conifer wood. The specimens attributed to this 

species have very similar details and have the following 

field numbers within the "Grădinaru Collection": 1078, 

1083, 1085, 1087, 1091, 1095, 1110 – and are stored at 

the National Museum of Geology, in Bucharest, under the 

inventory numbers: 27704, 27705, 27706, 27707, 27708, 

27709, 27710. 

 

Microscopic description  

Growth rings – well developed in the studied samples, 

representing the secondary xylem which is tracheidox-

ylic, showing a fairly gradual transition but sometimes 

abrupt, from early- to late-wood, and has distinct growth 

ring boundaries. Normal or traumatic axial resin canals 

are absent. 

Tracheids – in cross section appear quasi-polygonal, usu-

ally quadrangular, and with moderately thick walls in the 

early-wood. They have radial / tangential diameters of 

25-60 / 25-55 μm in the early-wood and wall thickness of 

3-7 μm double wall. When gradual transition is present, 

the tracheids gradually diminish in section and usually 

the tracheidal wall in the late-wood becomes slightly 

thicker, of 7-9 μm in the final 3-8 rows of smaller sized 

and radially flattened cells, with r/tg diameters of 10-25 / 

20-25 μm, marking the growth-ring boundary. Between 

two successive rays, 2-12 radial rows of tracheids can be 

counted. The density ranges 750-1216 tracheids / mm2. 

Longitudinally, the tracheids have, on the radial walls, 

uniseriate pits, often with biseriate portions, often contig-

uous, or biseriate of mixed type, sometimes separated by 

crassulae. The pits are of abietinean type, have 14-21 μm 

in diameter and round apertures of 4-5 μm. Details on 

torus not observed. On the tangential walls, pits are usual-

ly absent. Organic deposits - absent. Average tracheids 

length difficult to measure. Helical thickenings usually 

absent, or rarely appear. 

Axial parenchyma – in the cross sections is absent, or 

rarely present as dispersed thin-walled cells with dark 

content. In longitudinal view, the parenchyma appears as 

vertical rows of rectangular cells, with the horizontal wall 

thin and smooth or feebly nodular and with some dark 

remains inside. 

Rays – usually thin in cross section, appear in tangential 

section as uniseriate, but sometimes with some biseriate 

storeys, or even as 2-3-seriate rays. The ray height varies 

from 2–32 to up to 56 cells (average height - 16 cells). 

The ray cells appear ovoid-rectangular, with 26–39 μm in 

height and 23–30 μm in width. Lateral triangular spaces 

are present. Their density is 6-9 rays on tangential 

milimeter. In radial section, the rays appear heterogene-

ous, because they have thicker walled cells, as ray trache-

ids, beside the thinner-walled parenchymal body cells, 

and are all procumbent. The ray cells have 8-20 μm tall, 

the marginals are slightly taller, of 25-30 μm. The hori-

zontal walls of the ray cells are smooth and usually pitted, 

and the tangential end-walls are relatively thick, of 1.5-2 

μm the simple wall and are nodular, as typical juniperoid 

thickenings. The ray tracheids are located in the ray-body 

or marginally, and have smooth or slightly rough thick 

walls. The indentures are missing or difficult to observe. 

Spiral thickenings are usually absent. The cross-fields are 

typical cupressoid, with 1-2-4(-6) cupressoid oculipores 

of 8-10 μm in diameter, usually in vertical pairs arranged, 

and with slit-like inclined apertures, of 2-5 μm. 

Radial or axial resin canals – are absent.  

Mineral inclusions – are not present 

 

Affinities and discussion 

The cupressaceous xylotomy of the 7 specimens studied 

here, assigned to the genus Protojuniperoxylon Eckhold, 

are definitely pycnoxylic and homoxylic (or tracheidox-

ylic – sensu Creber, 1972), having radial pitting on tra-

cheids of mixed type, no resin canals, rare parenchyma 

but with nodular horizontal walls, rays exclusively unise-

riate and cross-fields with 1-2(4-6) cupressoid pits with 

slit-like inclined apertures, arranged in 1-2 vertical pairs, 

or irregularly to slightly alternately and with nodular tan-

gential end-walls of ray cells as typical juniperoid nod-

ules (i.e. juniperoid thickenings).  

We have discussed above the current status of “Protop-

inaceae family” and of “Cheirlepidiaceae family” and, 

lastly, the proposal to be accepted as valid - the family 

name “Hirmeriellaceae” (Harris, 1979), which is consid-

ered correct and valid to be used for the Mesozoic gym-

nosperms characterized by pollen of Classopollis-type, 

and was proposed for taxonomic conservation (see 

Doweld, 2020). 

The genus name Protojuniperoxylon was established by 

Eckhold in his PhD Thesis (Eckhold, 1921, 1922, p.491), 

to designate Mesozoic cupressaceous wood of Juniperus-

type,  described  like  this:  “Annual  rings  more  or   less  
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Fig. 2 Protojuniperoxylon holbavicum sp. nov. (inventory no. 27706). 

a-c: Cross section - tracheids polygonal with rounded corners, and linear rays; d-f: Tangential section - uniseriate rays with biseri-

ate storeys with polygonal ray-cells, with lateral empty spaces; unpitted tracheids; g-j: Radial section –uniseriate radial pitting on 

tracheids as hexagonal pits; araucarioid cross-fields with vertical pairs of pits or slightly irregular; end-wall with juniperoid thick-

enings (see arrow). 



Contributions to the study of the Early Jurassic petrified forest 
 

31 

 

marked, tracheid pits in various transitional arrange-

ments, ‘Abietineentüpfelung’ absent, but ‘Juniperustüpfe-

lung’ present, no resin canals, cupressoid pits in cross- 

field, axial parenchyma occasionally present” (Eckhold, 

1921 fide Bodnar, 2017).  

In fact, few species were described for this genus, some-

times revised, as follows: 

Protojuniperoxylon maidstonense (Stopes) Eckhold, 1921 

was taken as type-species, even if, initially, this wood 

type was described from the Cretaceous of Maidstone 

(Great Britain), as a species of Cedroxylon, by Stopes 

(1915). It has uniseriate radial pitting on tracheids, few 

axial parenchyma with nodular end wall, and cupressoid 

cross-fields (see Bodnar and Artabe, 2007). 

Protojuniperoxylon hornei (Seward and Bancroft) Eck-

hold, 1921 was initially described as Jurassic species of 

Cedroxylon and later, of Scotoxylon (Vogellehner, 1968), 

so, it could be doubtful for comparison. 

However, Zhang et al. (2000) described a Scotoxylon 

yanqingense Zhang and Zengh, a Late Jurassic Chinese 

species, as representing secondary wood of Protojuniper-

oxylon-type, but devoid of axial parenchyma. 

Protojuniperoxylon ischigualastensis (Bonetti 1966) 

Bodnar and Artabe, 2007 is a Triassic wood from Argen-

tina, which has mixed radial pitting on tracheids, cu-

pressoid cross fields, juniperoid thickenings on the end 

walls of ray parenchymal cells and nodules on the hori-

zontal walls axial parenchyma, which are typical for Ju-

niperus wood-type. 

Protojuniperoxylon arcticum Selling, 1951 described on 

some Mesozoic root-wood remains from Hope Island 

(Svalbard, Norway) is poorly identified, for it is most 

probably a bennettitalean taxon (Cycadeoidea Buckland), 

showing interactions with chytrid fungi and bacteria (see 

Strullu-Derrien et al., 2012; McLoughlin and Strullu-

Derrien. 2016). 

Ruiz and Bodnar (2019) revised a Mid Triassic species of 

Cupressinoxylon of Bodnar et al. (2015) as Juniperoxylon 

zamunerae (Bodnar et al.) Ruiz and Bodnar, and made an 

extensive discussion on the wood structure of Juniperus-

type including in a table the described species of Protoju-

niperoxylon together with Mesozoic and Cenozoic spe-

cies of Juniperoxylon, all of them characterized by the 

presence of nodular ray parenchyma end-walls (i.e. ‘Juni-

perustüpfelung’), details also observed in our material. 

Also, very useful is the discussion of Akkemik (2021), 

who described and identified an Early Miocene species of 

Juniperoxylon from Turkey, as having typical xylotomy 

of Juniperus type, proposing even an identification key 

that includes also some species of Protojuniperoxylon. 

Our material displays the typical xylotomical features of 

Juniperus type as cupressaceous wood with mixed 1-2 

seriate radial pitting on tracheids, rare or absent paren-

chyma, and usually uniseriate rays with cupressoid cross-

fields in vertical pairs and juniperoid nodules on the tan-

gential walls of the ray cells. Evaluating these details 

comparatively with those included in Table 1 from Ruiz 

and Bodnar (2019), and using the identification key of 

Akkemik (2021), we observe that our specimens are not 

identical to any described species. Thus, we describe a 

new species named here Protojuniperoxylon holbavicum 

sp. nov. The designated holotype is the sample 27706 

(inventory number), kept in “Grădinaru Collection”, 

hosted by National Geological Museum, from Bucharest.  

 

The diagnosis of the species Protojuniperoxylon 

holbavicum sp. nov. 

Secondary tracheidoxylic wood, with thick-walled trache-

ids with uniseriate pitting, or even biseriate of mixed 

type, parenchyma absent or few and with nodular hori-

zontal walls, heterogeneous uniseriate rays with juni-

peroid nodules on tangential walls or ray cells, cross-

fields with 1-2(4-6) small cupressoid pits per field, as 1-2 

vertical pairs pits and when more, slightly irregular or 

alternate, and having slit-like inclined apertures. 

 

Genus Brachyoxylon Hollick and Jeffrey, 1909 

Brachyoxylon holbavicum Iamandei, Iamandei and 

Grădinaru, 2018 

Fig. 3, a-i. 

 

Material  

The studied material is represented by 7 samples of silici-

fied wood collected from the Holbav locality, on Maiului 

brook. All the studied samples are fragments of trunk or 

thick branches, with decimetric size and dark to black 

colored. By hand lens or even by naked eye, the regular 

fibrous structure without vessels suggests a conifer wood. 

The specimens, with the following field numbers: 1089, 

1090, 1093, 1094, 1096, 1102, 1105, belong to "Grădi-

naru Collection", and are stored at the National Museum 

of Geology, in Bucharest, under the inventory numbers: 

27711, 27712, 27713, 27714, 27715, 27716, 27718. 

 

Microscopic description 

Growth rings – well developed, with tracheidoxylic struc-

ture, abrupt or gradual transition, distinct boundaries, no 

resin canals.  

Tracheids – with polygonal cross section, usually quad-

rangular with rather thick and slightly corrugated walls in 

the early-wood, diameters of 20-40(60) μm and wall 

thickness of 5-7(8) μm (double wall), quite similar in the 

late-wood. Between two successive rays, 1-12 radial reg-

ular rows tracheids appear and intercellular spaces are 

present. Density is 836-1520 tracheids per square mm. 

On tangential walls the pitting is usually absent. The ra-

dial pits are of mixed type, either uniseriate, with round 

pits, spaced or contiguous and variably flattened (flatten-

ing index: d/D=0.79-0.88), or biseriate, with round to 

oval pits, of 19-24 μm the diameter, with round to 

oblique-elliptic apertures of 7-10/3-5 μm, in opposite or 

alternate arrangement, sometimes contiguous, combined 

with short uniseriate portions. There are no crassulae or 

helical thickenings, but sometimes striations are present. 

Axial parenchyma – is absent.  
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Fig. 3 Brachyoxylon holbavicum Iamandei, Iamandei and Grădinaru, 2018. (inventory no. 27711). 

a-c: Cross section - tracheids polygonal with rounded corners, and linear rays; d-f: Tangential section - pitting on tracheids - ab-

sent; rays uniseriate; g-i: Radial section – radial pitting of mixed type on tracheids, pits hexagonal and, when biseriate, alternate; 

cross-fields with 2-3(4) cupressoid to araucarioid in 1 row or, when more numerous, in 2-3 superposed rows. 
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Rays – in cross-section appear thin, with linear trajectory, 

from rectangular cells radially elongated, with smooth 

unpitted horizontal walls. Tangentially they appear exclu-

sively uniseriate, with 2-17(-25) cells in height, some-

times more. And, sometimes, the taller rays have 1-2 

short biseriate storeys of the same thickness as a single 

cell. Lateral empty spaces commonly appear. Ray-density 

is of 7-12 rays per tangential horizontal millimeter. The 

rays are homogeneous, with parenchymal cells all pro-

cumbent, of 20-24 μm in height, in the marginal rows 

taller, of 28-35(-50) μm. The horizontal walls are moder-

ately thick walled, 4-6 μm for the double wall (sometimes 

thicker), and the outer wall of the marginals is slightly 

corrugated. Tangential wall is relatively thick. Indentures 

are not visible. The cross-fields have 1-6 cupressoid pits, 

tending to podocarpoid, usually hexagonal-rounded to 

oval, with diameters of 9-15(18) / 6-8(10) μm and with 

tilted elliptic apertures of 5-8 / 3-5 μm. In normal fields 

the pits arrangement is 1-3(-4) pits in horizontal row and, 

in the taller rays, 4-6(-9) pits in 1-2(3) horizontal rows, 

alternately or slightly irregularly arranged. 

Radial or axial resin canals – are absent.  

Mineral inclusions – are not present. 

 

Affinities and discussion 

All the 7 samples of fossil wood studied here present the 

next xylotomy: typical tracheidoxylic structure with 

thick-walled tracheids, having radial pitting of mixed 

type, with rays mostly uniseriate showing cupressoid 

cross-fields (tending to araucarioid). All these xylotomi-

cal details are consistent with those of the genus Brachy-

oxylon Hollick and Jeffrey. 

This genus was created by Hollick and Jeffrey (1909), 

having as type species Brachyoxylon notabile Hollick et 

Jeffrey, with a very elliptic diagnosis: “tracheidoxyl de-

void of normal secretory ducts, with radial pitting of 

mixed type, araucarioid cross-fields and other ray walls, 

integer” (see Philippe, 1993; Philipe and Bamford, 2008). 

The occasionally presence of traumatic canals is consid-

ered as a result of injury, or of freezing (see Phillipe, 

1995). 

In order to identify the specimens studied here at species 

level, we evaluated other fossil forms 

previously described. We noted that some species are no 

longer considered to be Brachyoxylon species, or are 

doubtful, so they should be excluded from discussion (see 

Iamandei et al., 2018).  

There are many forms of Brachyoxylon described show-

ing a large spread of this Mesozoic genus on the planet 

and we have quoted and discussed, in detail, some of 

them (in Iamandei et al., 2018). They were described 

from Japan (Iijima et al., 1989), from Mexico (Cevallos-

Ferriz, 1992), from USA (Hickey et al., 2011), from Ar-

gentina (Vera and Césari, 2012; Bodnar et al., 2013), all 

of them having various specific xylotomical details, par-

tially similar to our material.  

But the European species Brachyoxylon saurinii de-

scribed by Boureau and Serra (1961), B. avramii and B. 

dobrogiacum described by Iamandei and Iamandei 

(2005), B. serrae described by Phillipe et al. (2011) and, 

especially B. holbavicum, described by us from the same 

area (Iamandei et al., 2018) are closer to our studied spec-

imens. And, related to this, the debate on Mesozoic pal-

aeoenvironment of large European forests made by Gar-

cia et al. (1998) is very interesting and, also, the complex 

biogeographic analysis of Gondwanian Mesozoic forests 

of Philippe et al. (2004). 

In summary, taking into account the comparative table 

(see Table 1, in Iamandei et al., 2018) and the synthetic 

description of the specimens studied here (mixed radial 

pitting on tracheids, axial parenchyma absent, uniseriate 

rays medium-tall, cross-fields with cupressoid pits, tend-

ing to podocarpoid, in quassi-araucarioid arrangement), 

we consider our samples to perfectly fit to the diagnosis 

of Brachyoxylon holbavicum Iamandei, Iamandei and 

Grădinaru, a species previously identified in the same 

area (see Iamandei et al. 2018). 

 

Brachyoxylon cristianicum Iamandei, Iamandei and 

Grădinaru, 2018 

Fig. 4, a-i. 

 

Material  

The studied material is represented by 13 samples of si-

licified wood collected from the Holbav locality, on 

Maiului brook. All the studied samples are fragments of 

trunk or thick-branch fragments, with centimetric to dec-

imetric size, dark color and, by hand lens or even naked 

eye, the regular fibrous structure without vessels is visi-

ble, evidence of a conifer wood. The specimens, with the 

following field numbers: 1071, 1072, 1073, 1075, 1076, 

1080, 1081, 1101, 1103, 1108, 1110, 1112, 1113b belong 

to “Grădinaru Collection” and are stored at the National 

Museum of Geology, in Bucharest, under the inventory 

numbers 27678, 276789, 27680, 27681, 27682, 27684, 

27685, 27686, 27717, 27687, 27688, 27689, 27690. 

 

Microscopic description  

Growth rings – in cross-section show a tracheidoxylic 

structure without resin canals, usually with abrupt transi-

tion from early- to late-wood, and with rather distinct 

growth-ring boundary. Resin canals absent. 

Tracheids – with polygonal (quadrangular) cross-section 

with rounded corners, unequal in size, diameters of 20-

35-(45-65) μm and with thick walls, of 5-8(9) μm the 

double wall, usually curled by compression. The late-

wood is represented by 2-3 rows of thick-walled and ra-

dially flattened cells (radial diameter of 5-10 μm). Inter-

cellular spaces are present. The interradial bundles have 

1-10 radial regular rows of tracheids. Density is of 992-

1518 tracheids per mm2. Tangential pitting is absent. Ra-

dial pitting is usually uniseriate or biseriate of mixed 

type. When biseriate, the pits appear alternate or opposite 

and contiguous on short rows often continued by uniseri-

ate portions and do not occupy all the length of the wall. 

The   pits  have   round   to  hexagonal borders, diameters  
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Fig. 4 Brachyoxylon cristianicum Iamandei, Iamandei and Grădinaru, 2018 - inventory no. 27690(field no. 1113b). 

a-c: Cross section - thick-walled tracheids, polygonal, with rounded corners and curled walls; dispersed parenchyma cells; linear 

rays; d-f: Tangential section - uniseriate rays with polygonal ray-cells and biseriate storeys; unpitted tracheids; parenchyma with 

end-walls smooth or nodular and resin content inside; g-i: Radial section - radial pitting on tracheids of mixed type; cross-fields 

with 2-3 cupressoid or araucarioid in a single row or, when more numerous, in 2-3 superposed rows. 
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of 18-22 μm, and are variably flattened when contiguous 

(d/D=0.65-0.88), bearing round or tilted elliptic apertures 

of 7.5-10 / 2-3 μm. Sometimes crassulae or helical thick-

enings can appear. 

Axial parenchyma – in cross-section appear few, dis-

persed, often difficult to identify among the tracheids. 

Vertically, sometimes they can show simple pits. The 

horizontal walls are thin and smooth, or slightly nodular. 

Sometimes, a resin content is present inside the cells, as 

plugs or granules. 

Rays – in cross-section appear usually uniseriate and lin-

ear. In tangential section, the rays show 1-20(-25) cells in 

height (i.e. 30-570(-650) μm). The taller uniseriate rays 

have biseriations, which give sometimes a fusiform as-

pect. The ray-cells have polygonal rounded to oval sec-

tion, marginal spaces and sometimes have dark content. 

The ray density is of 5-11 rays per horizontal millimeter. 

The rays appear homogeneous, with cells all procumbent, 

of 20-30 μm tall, relatively thick walled, of 4-5(7) μm the 

double wall. Within the marginal rows, but not only, the 

ray cells are taller, of 30-40 μm, and have slightly corru-

gated outer walls. The cross-fields are of araucarioid 

type, have 1-6(-8) pits, hexagonal or slightly rounded to 

oval, of cupressoid type, tending to podocarpoid or arau-

carioid. They have 15-19/8-12 μm in diameters, and show 

circular or short elliptic tilted apertures of 10-14/5-7 μm. 

The pits are arranged in 1-2(3) rows per cross field, with-

in ray body fields, or in the marginal fields and are alter-

nate to slightly irregular. 

Resin canals – are absent.  

Mineral inclusions – are absent. 

 

Affinities and discussion 

From the microscopic study of all the standard oriented 

thin sections, we selected 13 specimens having similar 

generic characters, represented by tracheidoxylic struc-

ture, radial pitting of mixed type on tracheids and arau-

carioid cross-fields, which are consistent with the struc-

ture of Brachyoxylon wood-type (see Philippe, 1993; 

Philipe and Bamford, 2008), but a slightly different from 

the above-described species. 

We do not repeat the discussion from above on the genus 

creation and about the previously described species, but, 

consulting the comparative Table 1, from Iamandei et al. 

(2018), we observed beside the generic characters some 

other specific details that are different of those of the 

above-described species.  

Thus, we observed that the radial tracheidal pitting of 

mixed type are commonly discontinuous, the axial paren-

chyma is present, as dispersed cells with slightly nodular 

horizontal walls and with resin content inside.  

Other features are: the relatively tall uniseriate rays with 

biseriations, up to fusiform aspect, homogeneous and 

with cross-fields with 1-6(-8) hexagonal to rounded cu-

pressoid oculipores, alternately arranged (araucarioid) to 

slightly irregular. All these details almost identical to 

those of the species Brachyoxylon cristianicum, which 

was previously described from the same area (Iamandei 

et al., 2018).  

From these characteristics, we attribute all the 13 here 

studied specimens coming from Holbav and Cristian to 

the above specified form: Brachyoxylon cristianicum 

Iamandei, Iamandei and Grădinaru, 2018. 

Division Ginkgophyta Bessey, 1907 

Class Ginkgopsida Engl., 1897 (in Engler and Prantl, 

1897) 

Subclass Ginkgoidae Engl., 1897 

Order Ginkgoales Gorozhankin, 1904 

Family Ginkgoaceae Engl., 1897 

Genus Palaeoginkgoxylon Feng, Wang and Rößler, 2010 

Palaeoginkgoxylon sp. 

Fig. 5, a-i. 

 

Material  

The studied material is represented by two samples of 

silicified wood, of decimetric dimensions, found in the 

Holbav locality area, on the Maiului brook. The studied 

samples are trunk or thick-branch fragments, dark to 

black color and by hand lens or even by naked eye a 

regular fibrous structure is visible. These two samples 

have the field-numbers 1032, 1036 in "Grădinaru Collec-

tion" and are stored under the inventory numbers 27674 

and 27675, at the National Museum of Geology, in Bu-

charest. 

 

Microscopic description  

Growth rings – in cross sections show a tracheidoxylic 

structure with rather indistinct boundaries, with few pa-

renchyma and sometimes with axial canals, most likely 

mucilaginous. And, the structure is marked by the pres-

ence of some swollen mucilaginous cells among the tra-

cheids and also, inside the rays. 

Tracheids – with polygonal cross-section, unequal in size 

and with rounded corners, with quite abrupt transition 

from the early- to the late-wood; thus, they have 25-35 / 

35-40 μm r/tg diameters in the early-wood, smaller in the 

late-wood, and with relatively thick walls, of 4-7 μm the 

double wall. Between two successive rays there are 2-12 

radial regular rows of tracheids, and the density is 1360-

1728 tracheids per mm2. The tangential walls of the tra-

cheids are usually unpitted. On the radial walls the pitting 

is of mixed type, with pits polygonal to slightly rounded, 

spaced or contiguous, in a single vertical row or, rarely, 

biseriate, alternate or slightly irregular to opposite. The 

bordered pits are slightly flattened, relatively small, of 8-

10(15) μm in diameter. Often, only the pit chamber is 

visible, the aperture is small round to short elliptic, of 

1.5-2(3.5) μm. Crassulae or helical thickenings were not 

observed. In radial view sometimes the endings of the 

tracheids appear slightly bended, overlapping each other 

and bear some dark content inside. 

Axial parenchyma - is visible in cross-section, sometimes 

as swollen cells dispersed among the axial tracheids, most 

probably   with   mucilages,   commonly  close to rays, or  
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Fig. 5 Palaeoginkgoxylon sp. - inventory no. 27674 (field no. 1032). 

a-c: Cross section - tracheids polygonal with rounded corners; disperse mucilaginous cells; linear rays with mucilaginous ray-cells; 

d-f: Tangential section - unpitted tracheids; uniseriate rays with inflated secretory ray-cells; g-i: Radial section - radial pitting on 

tracheids usually uniseriate, of mixed type, with hexagonal pits or rounded; cupressoid cross-fields with 2-3 superposed rows of 1-

3 pits. 
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isolated, or in short vertical rows, sometimes difficult to 

observe due to poor preservation. 

Rays – are thin, linear in tranversal view, with inflated 

secretory cells inside, and have simple pits. Tangentially, 

the rays are uniseriate and have 1-7(-16) cells, (i.e. 20-

180(-350) μm high). Sometimes, the taller rays have 

some few biseriate storeys. The ray-cells have polygonal 

to rounded shape or seem inflated and full of white sub-

stance, most probably mucilaginous. In some cases, on 

the tangential walls, simple pits are present. Ray density 

is 7-12 rays per horizontal tangential millimeter. In radial 

section the rays appear heterogeneous, because, beside 

the normal parenchymal cells, secretory cells occur, the 

cells are all procumbent; 19-20(-28) μm high and with 

moderately thick-walled: 3-6.5 μm the double wall. The 

cells of marginal rows are slightly taller, of 28-30(-40) 

μm. The cross-fields are of cupressoid type, having 1-4(-

6) pits or more, as rounded to oval cupressoid pits of 4-

8(-13) μm in diameter, with circular or short elliptic in-

clined apertures of 1-3.5 μm. Their arrangement is alter-

nate or slightly irregular, on 1-2(-3) rows. In some cases, 

the walls of ray cells seem to be slightly wrinkled, but 

few details can be observed, due to poor preservation.  

Axial canals - rarely were found, and only partially, prob-

ably at the limit of the vascular cylinder with the pith 

(Fig.5, photo a, arrow). 

 

Affinities and discussion  

Some xylotomical features, such as presence of inflated 

axial parenchyma cells, idioblasts, tracheids with curved 

tips and with opposite pit pairs separated by crassulae, 

cupressoid cross-fields, with irregular aspect, which are 

evidence of a wood structure similar to the current Gink-

go, a living fossil naturally surviving in China.  

There are several fossil stem genera described by the 

study of remains of fossil ginkgophyte trunks found in 

different Mesozoic sites in the world: Ginkgoxylon 

(Saporta) Süss 2003; Proginkgoxylon (Khudajberdyev) 

Zheng and Zhang (in Zheng et al., 2008); Szeioxylon 

Wang, Jiang et Qin, 1994; Sinopalaeospiroxylon Zhang 

et Zheng, 2006 (in Zhang et al., 2006); Primoginkgoxylon 

Süss, Rößler, Boppré and Fischer, 2009; Palaeoginkgoxy-

lon Feng, Wang and Rößler, 2010; and Baieroxylon Gre-

guss, 1961 (see in Martínez and Lutz, 2007). 

Taking into account the observed xylotomical details of 

our specimens which are very similar to Palaeoginkgoxy-

lon of Feng, Wang and Rößler (2010), we compared the 

description of our specimens with the diagnosis and de-

scription of Palaeoginkgoxylon, which has primary struc-

ture and pith (absent in our material), and also a well-

developed pycnoxylic secondary xylem, with tracheids 

slightly irregularly arranged. In radial section, the trache-

ids show bent ends overlapping each other, close to the 

intersection with rays, and have radial pitting usually 

uniseriate; the ray cells are irregularly pitted on the hori-

zontal walls and the cross-field pits are cupressoid; also, 

some axial parenchyma is present.  

We have studied two fragmentary specimens that repre-

sent only the secondary wood, and showing similar fea-

tures, even though they are rather badly preserved. Thus, 

we observed the radial pitting usually 1-2 seriate of 

mixed type on tracheids, the cross fields with numerous 

cupressoid pits, irregularly or alternately arranged and the 

presence of swollen parenchyma cells. The central part of 

the stem is absent. In the first part of our study (see 

Iamandei et al., 2018) we described some other wood 

remains found in Hobav area, having similar anatomical 

features, and were attributed to Palaeoginkgoxylon sp.  

The studied two new specimens were collected from the 

same area and show a very similar xylotomy; for this 

reason, we assign them to the same form, Palaeogink-

goxylon sp., hoping for a better-preserved material in 

order to be described at species level.  

In this context, we mention that Givulescu and Czier 

(1990) gave firstly a short macroscopic description and 

figuration of a well preserved Ginkgoites leaf from the 

Șuncuiuș area (Apuseni Mountains). However, it is worth 

to mention, that some years after, Czier (1994, 1998, 

2000, 2005) has restudied the material, has revised the 

entire Ginkgo foliage literature of the Carpathian Basin, 

described and figured both macro- and microscopically 

numerous new specimens, new species and combinations, 

and has elaborated for the ginkgoalean leaves a new de-

termination method based on mathematics. Finally, Czier 

(1998) proposed the transfer of Ginkgoites and Baiera to 

the genus Ginkgo. Czier's proposal seems to be correct, 

and we support it as acceptable, because in addition to the 

similar foliage structure of these genera, our Jurassic ma-

terial is very similar in its xylotomic features to the cur-

rent Ginkgo wood. 

 

Division: Cycadeoidophyta Taylor 1981 

Class Cycadeoidopsida Scott, 1923 

Order: Bennettitales (Engler, 1892) Meyen, 1984 

(=Cycadeoidales Berry, 1916)  

Family Williamsoniaceae (Carruthers, 1870) Nathorst, 

1913 

Genus Bucklandia Brongniart, 1828 

Bucklandia sp. A. 

Fig. 6, a-i; Fig. 7, a-i. 

 

Material  

The studied material is represented by a piece of silicified 

wood collected from Holbav area, on Maiului brook. This 

specimen has the field-number 1107, in "Grădinaru Col-

lection", and is stored now at the National Museum of 

Geology in Bucharest, under the inventory number 

27719. 

 

Microscopic description 

In cross-section, the structure of the wood is of gymno-

spermous type, and some details (such as the presence of 

the typical idioblasts and axial mucilaginous canals) sug-

gest a cycadeoid polyxylic stem structure, which is also 

supported  by  the  presence  of scalariform thickenings of  
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Fig. 6 Buckladia sp. A. - inventory no. 27719 (field no. 1107). 

a-f: Cross section - gymnosperm structure with tracheids rectangular with rounded corners, thin curled walls in the early-wood, 

thick walled in the late-wood; idioblasts between tracheids; d-e: Numerous secondary rays; g-i: Tangential section - unpitted trache-

ids; uniseriate rays. 
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Fig. 7 Buckladia sp. A - inventory no. 27719 (field no. 1107). 

a-i: Radial section - d-g: - scalariform thickenings of Zamia type on tracheids, with reticular aspect; g-i: - araucarioid cross-fields 

with alternate in 2-3 superposed rows. 
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Zamia type on the tracheids in vertical view (Greguss, 

1968), so, the xylotomic description will be adequate: 

Pith – unfortunately, is absent in our fragmentary samples 

which does not retain the axial part of the stem, so we did 

not have the possibility to describe its component ele-

ments (as parenchyma cells, idioblasts, medullary vascu-

lar bundles and mucilaginous canals).  

Cylindrical vascular system – in cross section, is repre-

sented by some alternative growth rings of secondary 

xylem and phloem (not as annual rings) and numerous 

thin secondary rays, so giving a polyxylic structure (Fig. 

6a), crossed by wide multiseriate primary medullary rays 

which connect the axial pith with the cortex (but this as-

pect does not appear in our sections). The cambial cells 

are recognized with difficulty, since they are very similar 

to the neighboring cells. The xylem has rectangular or 

square tracheids, in gradual transition from early- to the 

late-wood, with r/tg diameter of 25-65 / 10-15-30 μm, 

with relatively thick walls, of 4-8 μm the double wall, 

(Fig. 6a-f). Their walls are often corrugated, by compres-

sion. On the radial walls, the tracheids show uni- to bise-

riate bordered pits, rounded to hexagonal, contiguous and 

flattened, sometimes alternate, when biseriate (Fig. 7g, 

arrow). The pits have diameters of 9-12 /8-15 μm, with 

round to elliptical apertures. Very obvious are the scalari-

form thickenings of Zamia type, which are often connect-

ed by inclined bars, giving a reticular appearance (Fig. 

7a-e). No perforations were observed. The tangential 

walls are not pitted (Fig. 6g-i). The phloem has paren-

chymal cells, (unclear if they are sieve cells), thick-

walled fibres, secretory idioblasts, and sclerenchymal 

cells (Fig. 6d-e).  

 

Rays – in transversal and tangential sections, the primary 

rays were not observed in our fragmentary material, but 

numerous secondary rays appear, giving a manoxylic 

aspect to the structure. They are uniseriate, sometimes 2(-

3)-seriate, of low to mid tall, and are composed of paren-

chyma cells and few secretory idioblasts, so they are het-

erogeneous. The ray cells are rounded to rectangular in 

outline, the idioblasts are similar or are slightly elongate 

and, in radial view, appear all procumbent. In cross-fields 

they have 2-6(9) oculipores usually in two superposed 

rows arranged (Fig. 7d-i). 

Cortex – is not present in our sample, so parenchymal 

cells, idioblasts, mucilage canals and leaf traces, were not 

observed. 

 

Afinities and discussion 

Evaluating the general image of the wood structure in 

cross section, we noticed some details that indicated a 

possible cycadeoid stem-structure of polyxylic type, by 

the presence of idioblasts and mucilaginous canals. Thus, 

we searched for more xylotomical details in order to iden-

tify the unknown structure. 

As is known, the Cycadeoidophyta is a Mesozoic extinct 

taxon, which include two families: Cycadeoidaceae Buck. 

(or Bennettitaceae Engl.) – with the genera Cycadeoidea 

Buck. (or Bennettites Caruthers) and Monanthesia Wie-

land; they have a barrel-shaped trunk, like a large pineap-

ple, with a crown of leaves; the second family, William-

soniaceae (Carruthers) Nathorst - with Williamsonia 

Caruthers as type genus, a form with a columnar trunk 

with frond like leaves at branch tips (see Stockey and 

Rothwell, 2003). This family includes a lot of described 

genera of plant-parts, variably named, which send some-

times to a current Cycadalean genus, as follows:  Wil-

liamsoniella, Nilssoniopteris, Bennettitanthus, Cyca-

docephalus, Fredlindia, Ischnophyton, Lyssoxylon, 

Serenopsis, Weltrichia, Zamites, Anomozamites, Otoza-

mites, Podozamites, Ceratozamites, Banatozamites, Pter-

ophyllum, Wielandella, Crossozamia, Dioonites, Eostan-

geria, Palaeocycas, Pseudoctenis, Ticoa, and many oth-

ers (see Taylor et al., 2009; Martínez et al., 2012, 2017). 

Numerous fossil remains of Bennettitales were described 

from Romania. Thus, in the Holbav-Cristian-Vulcan-

Codlea area Givulescu (1991) cited an Early Jurassic flo-

ra (or “Liasic flora”) with the presence of Zamites, Nils-

soniopteris and Pterophyllum (from Bennettitales) and 

Phoenicopsis (Ginkgoaceae). In recent decades, Dra-

gastan and Popa (1997), Popa (1997a, 1998, 2000a,b), 

and Popa and van Konijnenburg-van Cittert (1999, 2006) 

contributed more to the Early Jurassic flora in the  

Holbav area, describing Nilssonia cf. undulata, Paracy-

cas sp., Ctenis grandifolia (Cycadales) and Ptilophyllum 

rigidum, Pterophyllum magoti, P. neagui (as Bennet-

titales) and beside them - Taeniopteris sp. (Ginkgoales), 

Phoenicopsis potoniei (Czekanowkiales) and Geinitzia 

sp. (Conifers). Also, from the Cristian area were de-

scribed Pachypteris grădinarui, Otozamites mandelslohi, 

O. molinianus and a Desmiophyllum sp. which belongs, 

probably, to Czekanowskiales. Also, Dragastan and Popa 

(1997) and Czier (2016b) advanced some phytostrati-

graphic schemes based on the Early Jurassic foliar mate-

rial identified in the Holbav area.  

However, there are few genera described in the world 

from the study of fossil stem remains, often with local 

importance and with names related to the original fossil-

iferous site or people (see list in Martínez et al., 2012, 

2017; Zhang et al., 2012). For example, Martinez et al. 

(2017), have described a well-preserved Jurassic bennet-

titalean specimen from Patagonia, as Zamuneria amyla 

Martínez, Iglesias and Artabe, and made a carefully doc-

umented comparison with the xylotomy of the extant 

cycadalean genera and also, with all Mesozoic Bennet-

titalean genera.  

The studied specimens show a cycadeoid polyxylic struc-

ture with scalariform thickenings on tracheids which in-

dicate similarities with stem of Bucklandia type (see 

Bosse, 1953; Sharma, 1967, 1969, 1973, 1991; Saiki and 

Yoshida, 1999)  or even with Sahnioxylon (see in 

Philippe et al. 1999) - the latter being considered “nomen 

ilegitimum” (see IFPNI - 

www.fossilplants.info/genus.htm?id=D46FC51A-7AEB-

421E-AF52-1A3F90515E43). 

http://www.fossilplants.info/genus.htm?id=D46FC51A-7AEB-421E-AF52-1A3F90515E43
http://www.fossilplants.info/genus.htm?id=D46FC51A-7AEB-421E-AF52-1A3F90515E43
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Because the structure of our specimen indicates a colum-

nar polyxylic stem, the sample does not preserve the pith 

from the central part of the stem and also the cortical 

zone, both of parenchymal tissue, which were likely easi-

ly destroyed during the early stages of fossilization. We 

cannot see typical parenchymal cells, idioblasts, medul-

lary vascular bundles, mucilaginous canals, and transfu-

sion cells or leaf bases, in the cortex. 

However, the polyxylic cycadeoid structure with idio-

blasts and scalariform thickenings on tracheids, that re-

semble those in the current Zamia, Ceratozamia (see 

Greguss, 1968) and are partially similar to the structure of 

the Jurassic genera Bucklandia Brongniart, Zamuneria 

Martínez, Iglesias and Artabe and Lioxylon Sharma (see 

Martínez et al., 2017), which are also characterized by 

polyxylic stem with centripetal and centrifugal vascular 

systems and by the presence of numerous idioblasts in the 

structure. 

In the studied Mesozoic areas of Romanian Carpathians, 

many fossil macro-remains have been described and at-

tributed especially to taxa from Zamites group: Anomo-

zamites, Otozamites, Podozamites, Ceratozamites, Bana-

tozamites (see Givulescu, 1991; Dragastan and Popa, 

1997; Popa, 1997, 1998, 2000b; Popa and van Konijnen-

burg-van Cittert, 1999, 2006; Czier, 1999, 2001, 2008, 

2009, 2016a,c, 2018), and such taxa have also been 

commonly described  in Europe (see Barbacka et al., 

2014). Thus, from the Lower Jurassic of Anina, Banat 

region, Romania, Czier (2009) described two Bennettita-

lean species: Banatozamites calvus Czier, by the study of 

leaf impresions and Bucklandia aninaensis Czier, by the 

study of a small stem with petioles, interpreted to belong 

 to the same plant; they have fine longitudinal ridges, and 

rows of rectangular to rounded-elongated cells. 

The specimen studied here has details that resemble a 

Zamia-type structure (see above), especially due to pres-

ence of scalariform thickenings on tracheids, even with 

reticular appearance (see Greguss, 1968). Also due to the 

presence of idioblasts and mucillaginous canals, we as-

sign it to Bucklandia sp. A, probably representing wood 

of an extinct form from the Zamites group, commonly 

present in the Romanian Carpathians (see above). 

Regarding the genus Bucklandia, erected by Brongniart 

(1828), we consider it as a still valid genus, because it 

was proposed by Doweld (2012) to be conserved. How-

ever, Herbst and Crisafulli (2016) ignoring this proposal, 

described a new genus, Buckya Herbst and Crisafulli, to 

replace the old genus Bucklandia Brongniart, recom-

mending transfer of all the species previously described 

to the new proposed genus, as nov. comb. (see Herbst and 

Crisafulli, 2016, p. 97-98).  

But, we observed that there is another possible problem 

of this name, Buckya, which could become illegitimate, 

since there are two quasi-homonyms: Buckia Cobos, 

1956, which is the name of a current insect from the Or-

der Coleoptera L., and Buckia Rios, Gallego and Guerra, 

(see in GBIF-online), but is also used to describe a moss, 

a homotypic synonym for Hypnum Hedw. (Order Hyp-

nales Buck. and Vitt.). 

 

Bucklandia sp. B 

Fig. 8, a-i. 

 

Material  

The studied material is represented by three small (centi-

metric) samples of silicified wood, collected from around 

Holbav locality area, on Maiului brook. These samples 

have the field-numbers: 1037, 1038 and 1079, in "Grădi-

naru Collection" and are stored now at the National Mu-

seum of Geology, in Bucharest, under the inventory 

numbers 27676, 27677 and 27683. 

 

Microscopic description 

Cross-sections of the studied specimens show a wood 

structure of gymnospermous type (Fig. 8a), with some 

details indicative of a cycadeoid stem structure, due to the 

presence of idioblasts and mucilaginous canals (Fig. 8c, 

h); the xylotomical description is appropriate, in order to 

identify the unknown structure. 

The pith – is not present in our sections because the axial 

part of the stem is absent in our fragmentary samples. 

The cylindrical vascular system – in cross section, ap-

pears to consist of some alternate growth rings of second-

ary xylem and phloem, which indicate a polyxylic struc-

ture, traversed by numerous thin secondary rays (Fig. 8a). 

The wide multiseriate primary medullary rays appear 

only locally, in contact with the xylem of growth ring 

(see Fig. 8b). Through the xylem and phloem cells, obvi-

ous idioblasts appear, carrying mucilages or crystals often 

grouped as druses (Fig. 8d-f). The cambium cells are dif-

ficult to recognize. The xylem has rectangular to square 

tracheids (ra/tg diameters of 18-50/20-45 μm), with 

rounded corners, with often slightly wavy walls, 3-6 μm 

as a double wall. On the radial walls, the tracheids show 

uni- to biseriate bordered pits, rounded or hexagonal, of 

6-8 μm, with round to elliptic apertures and are contigu-

ous and flattened (Fig. 8i), usually alternate, where they 

are biseriate. Perforations were not seen. The tangential 

walls are not pitted. The phloem appears as parenchymal 

cells, with secretory idioblasts and sclerenchymal cells 

often with large crystals, or druses (Fig. 8d-e). At the 

border with the pith area, mucilaginous canals appear, 

lined by rows of epithelial cells.  

The rays – in cross- and tangential sections the secondary 

rays appear numerous and thin, giving a manoxylic ap-

pearance to the structure. The primary rays were not ob-

served; but they do appear in cross-section, in contact 

with xylem (see Fig. 8b). The secondary rays are usually 

uniseriate, very numerous and are composed of paren-

chymal cells, and few secretory idioblasts, so that the rays 

are heterogeneous (Fig.8g). The ray cells have rounded to 

rectangular outlines, the idioblasts are similar, or slightly 

elongate and, in radial view, are all procumbent. The 

cross-fields show 2-6 oculipores, in one or two super-

posed rows and are slightly alternately arranged. 
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Fig. 8 Bucklandia sp. B - inventory no. 27676 and 27677 (field no. 1037 a-f, 1038g-i). 

a-f: Cross section – b: - tracheids polygonal with rounded corners, and linear rays; primary ray in contact with xylem; c: - muci-

laginous canals lined by secretory epithelial cells; d-e: - phloem cells with idioblasts bearing mucillages; f: - or crystals (f); g: 

Tangential section - uniseriate rays with biseriate storeys with polygonal ray-cells; unpitted tracheids; h-i: Radial section – muci-

laginous canal (h); araucarian radial pitting on tracheids with uniseriate hexagonal pits (i), cross-fields with 2-3 superposed rows 

of hexagonal pits (h-i). 
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Axial canals - appear at the border with the pith area, as 

large mucilaginous canals, with diameters of 360-930 

μm, lined by secretory epithelial cells (Fig. 8c, h). 

Afinities and discussion  

Having a cycadeoid stem structure, indicated by the pres-

ence of idioblasts with druses and of mucilaginous canals, 

we searched also for other xylotomical details, but the 

absence of scalariform thickenings on tracheids makes it 

different from the above-described form, and indicated a 

resemblance to a type close to the current Cycas (see 

Greguss, 1968). 

In the Early Jurassic flora from Holbav, species of Nils-

sonia, Paracycas, Ctenis, Ptilophyllum, Pterophyllum 

appear, in addition to forms of Zamites-group (see Dra-

gastan and Popa, 1997; Popa, 1997, 1998, 2000a, b). 

Comparing to wood description of Zamuneria amyla (see 

Martinez et al., 2017) and, also, their identification key, 

we observed that our studied specimens indicate a co-

lumnar polyxylic stem, with several growth rings in the 

cylindrical vascular system, and with idioblasts and muci-

laginous canals, similar to the genus Bucklandia Bosse, 

1953, which is a stem of Williamsonia Caruthers, as it 

was described by Stockey and Rothwell (2003).  

Our specimens have a structure similar to a Jurassic stem 

described by Zhang et al. (2012) as Sinocycadoxylon, 

which is also characterized by a polyxylic vascular cylin-

der with centrifugal rings of secondary xylem and arau-

carioid radial pitting on the tracheids.  

Also, Iamandei et al. (2003) studied a fragmentary fossil 

wood from the Upper Jurassic of Hăghimaş Mts., Eastern 

Carpathians, which is identified as Cycadoxylon sp., 

which has a xylotomy very similar to our studied speci-

mens. 

Thus, the studied specimens show details that indicate a 

columnar form of Cycas-type (see Greguss, 1968), as is 

discussed above, so we assign them to Bucklandia sp. B, 

clearly different from the form described above. 

 

CONCLUSIONS  

 

The petrified woods found in the Holbav and Cristian 

areas, in the Braşov region, constitute the most significant 

collection of Early Jurassic lignoflora in the Romanian 

Carpathians, and the present study represents an im-

portant advance in the knowledge of the Mesozoic flora 

in the Carpathian area.  

In the first part of our study (Iamandei et al., 2018), five 

species were taxonomically identified and described: 

Agathoxylon holbavicum Iamandei, Iamandei and Grădi-

naru, 2018, Brachyoxylon holbavicum Iamandei, Iaman-

dei and Grădinaru, 2018, Brachyoxylon cristianicum 

Iamandei, Iamandei and Grădinaru, 2018, Protophyllo-

cladoxylon holbavicum Iamandei, Iamandei and Grădi-

naru, 2018, and Palaeoginkgoxylon sp. 

In the second part of our study, besides Brachyoxylon 

wood-types and of Palaeoginkgoxylon, already described 

in the first part, there are described two "cupressaceous" 

wood types, as species of Protocupressinoxylon and of 

Protojuniperoxylon, the last one as a new species. In ad-

dition, two Bennettitalean forms were described, as 

members of Buklandia genus, which represents a novelty 

for the studied region. The list of the new identifications 

includes the following taxa: 

 

Order Pinales 

- Protocupressinoxylon dragastanii Iamandei and Iaman-

dei, 2000 

- Protojuniperoxylon holbavicum Iamandei, Iamandei and 

Grădinaru, sp. nov.  

- Brachyoxylon holbavicum Iamandei, Iamandei and 

Grădinaru, 2018 

- Brachyoxylon cristianicum Iamandei, Iamandei and 

Grădinaru, 2018 

Order Ginkgoales 

- Palaeoginkgoxylon sp.   

Order Bennettitales 

- Bucklandia sp. A 

- Bucklandia sp. B 

 

The present study of the fossil petrified woods material 

from the Lower Jurassic sedimentary deposits in the 

Holbav and Cristian areas significantly improves the pal-

aeobiogeographic, palaeoenvironmental, palaeoecologic 

and palaeoclimatic reconstructions, not only in the Ro-

manian Carpathians, but also at the continental scale.  

The paleo-latitude of the South Carpathians during the 

Late Jurassic was about 18° N, from palaeomagnetic data 

given in 1996 by Hambach et al. (fide Panaiotu, 1998). 

Since the latitude of the Tropic, during that time, was 

about 23° 26′ 22″ North, it is obvious that there was a 

tropical paleoclimate in the studied area, located in the 

Tethys Realm (see Lawver et al., 2015).  

This was the optimal environment for the so-called tropi-

cal plants such as the Bennettitales were during the Mes-

ophytic, but this does not mean that all the plants from 

the Tethys Realm were of 'tropical' type. According to 

Czier (2017), the Romanian Bennettitales that mainly 

represent a European autochthonous group, are indicators 

of warm environment, especially owing to the hypoder-

mis structure and physiology of their leaves, and of the 

structure of their cuticles. However, other plants, like 

many allochthon pteridophytes, are present also in East-

ern and Western 'temperate' regions (e.g. Clathropteris, 

of which the global migration pattern suggests North 

American origin). 
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