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A B S T R A C T

A specimen of Baieroxylon rocablanquense nov. sp. from the Roca Blanca Formation (Early Jurassic), and a

specimen of Ginkgomyeloxylon tanzanii Giraud and Hankel from the La Matilde Formation (Middle

Jurassic), both located in the Santa Cruz province, Argentina, are described in detail. Identification of the

morphogenus Baieroxylon is based upon secondary xylem characteristics (cross-field tracheid pitting,

cross-fields and ray characters), while identification of Ginkgomyeloxylon is based upon pith, primary

xylem and secondary xylem features. A synthesis of Ginkgoalean woods is presented, which combines

diagnostic anatomical evidence with data related to stratigraphic and paleogeographical distributions.

Based on the results of this analysis, a key for genus-level identification is provided and a new genus,

Ginkgopitys, is proposed. These results are used to elucidate global patterns of historical distribution over

the course of geological time. In Gondwana, a great diversity of ‘‘mixed-type’’ woods was present during

the Mesozoic, especially during the Late Triassic. In contrast, in Laurasia a lower diversity of the mixed-

type is recorded for the Paleozoic and Mesozoic, with increases in ‘‘abietinoid-type’’ wood – similar to

extant Ginkgo – taking place at the beginning of the Cretaceous. During the Jurassic and Early Cretaceous

in both Laurasia and Gondwana, mixed-type and abietinoid-type woods co-existed, illustrating that

important evolutionary changes in wood anatomy occurred during the Mesozoic (Jurassic-Cretaceous).

� 2011 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Fossil studies, based mainly upon leaves but also upon pollen
and reproductive structures, have demonstrated that the existence
of the Ginkgoales has extended from the Permian to the present
(Scott et al., 1962; Kvacek et al., 2005; Zhou and Wu, 2006; Zhou,
2009). Although leaf remains are abundant, studies based upon
identification of Ginkgo-like wood anatomy are rare. This may in
part reflect the fact that, in contrast to the greater chemical
resistance of the wood of many other gymnosperms, Ginkgo wood
is particularly susceptible to cell wall degradation (Scott et al.,
1962; Taylor et al., 2009).

This paper is based upon a study of the anatomy of
permineralized Ginkgoalean wood fragments collected from
sediments of the Roca Blanca Formation (Early Jurassic) and La
Matilde Formation (Middle Jurassic), both located in Santa Cruz
province, Argentina. Petrified woods previously reported from the
Roca Blanca Formation include Taxales (Prototaxoxylon Kräusel and
Dolianiti); Coniferales, Araucariaceae (Agathoxylon Hartig), and
Ginkgoales (Baieroxylon sp. cf. Baieroxylon chilensis), while those
§ Corresponding editor: Marc Philippe.
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identified from the La Matilde Formation include Taxales (Proto-

taxoxylon Kräusel and Dolianiti), Araucariaceae (Agathoxylon

Hartig), cf. Cupressaceae (Protelicoxylon Philippe and Herbstiloxylon

Gnaedinger), Protopinaceae group (Planoxylon Stopes), and Podo-
carpaceae (Circoporopitys Gnaedinger, Podocarpoxylon Gothan, and
Circoporoxylon Kräusel) (Gnaedinger, 2001; Gnaedinger and
Herbst, 2006, 2009; Gnaedinger, 2007a, 2007b).

Another purpose of this paper is to report on analyses of the
Ginkgoalean woods described for Gondwana and Laurasia, in terms
of morphogenera and species identifications, and to combine
diagnostic anatomical evidence with the stratigraphic and
paleogeographical distributions of recorded taxa. As a result of
this, a genus-level identification key is presented, as well as a
summary of global species distributions during the Paleozoic-
Mesozoic, as well as from the Cenozoic to the present.

2. Material and methods

The specimens described in this paper were collected in the
Santa Cruz province, Argentina, from two formations: the Roca
Blanca Formation and the La Matilde Formation (Fig. 1). The Roca
Blanca Formation is present as outcrops in the central area of Santa
Cruz province (approximately 488 S–688 W), and is made up of a
series of sediments that are mainly sandstones, tuffaceous
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Fig. 1. Map showing the fossil localities from A. Roca Blanca Formation and B. La Matilde Formation, Santa Cruz province, Argentina.

S. Gnaedinger / Geobios 45 (2012) 187–198188
sandstones, and tuffs. The logs were found distributed in the upper
levels of profile C, as described by Herbst (1965) and Gnaedinger
and Herbst (2009).

Sediments from southernmost portions of the La Matilde
Formation are found in outcrops in the area of the Gran Bajo de
San Julián, between the harbors of Puerto San Julián and Puerto Santa
Cruz (about 70–100 km to the SW of the city of San Julián). They
occur within a large endorheic basin located around 498 300 S and 688
200 W. This formation is essentially composed of volcanoclastic and
pyroclastic materials, including chonites and tuffs (Teruggi et al.,
1981). The fragments analyzed were found distributed in the lower
layers of the formation, at the localities Cerro Conito and Bardas
Blancas (Estancia Meseta Chica). Both localities are characterized by
the presence of large amounts of in situ stumps up to 2.4 m in
diameter, as well as numerous fallen trees up to 5 m in height
(Gnaedinger and Herbst, 2006; Gnaedinger, 2007a). Detailed
descriptions of the geological and paleontological characteristics
of both formations have been previously published by Gnaedinger
and Herbst (2006, 2009).

Fragments of silicified logs showing very good cellular
preservation were analyzed. Petrographic thin sections (30–
40 mm-thick) were prepared from the wood fragments, orientated
along three planes: radial longitudinal, tangential longitudinal, and
transverse sections. Cellulose acetate peels of the three sections
were also prepared, in most cases with good results. The thin
sections were studied in detail with a Leica microscope (DM500), a
Leitz stereoscope (LM) and a scanning electron microscope (SEM).
For the various anatomical elements studied, at least 20 individual
measurements were recorded, with values for mean, minimum-
maximum, and occasional maximum determined. The wood has
been described according to the list of microscopic features for
softwood identification (Garcı́a Esteban et al., 2002, 2003; Richter
et al., 2004) and Greguss (1955) glossary. The standard measure-
ments established by Chattaway (1932) were also followed.
Systems of nomenclature and taxonomy used are those found in
Philippe (1993), Bamford and Philippe (2001), and Philippe and
Bamford (2008).

The anatomical characteristics of the wood were quantified in
accordance with the criteria proposed by Falcon-Lang and Cantrill
(2000), and later used by Poole and Cantrill (2001) and Gnaedinger
and Herbst (2006), among others. The anatomical characteristics
examined were the following: in radial longitudinal section the
nature of the bordered pitting on tracheid walls was examined
across a range of annual growth rings; three tracheid pit
characteristics were also quantified:

� Percentages of uniseriate, biseriate, and triseriate pitted trac-
heids;
� Percentage of alternately to oppositely arranged multiseriate

pits;
� Contiguity of tracheid pitting expressed as: (a) araucarioid

type (contiguous); (b) mixed type (contiguous and separated
pits occurring in the same tracheid); (c) abietinoid type, i.e.
pits being separated by less than one pit diameter (‘‘separate
1’’), and pits being separated by more than one pit diameter
(‘‘separate 2’’). In this work another characteristic was also
added: the minimum-maximum, occasional maximum, and
frequency range of pits in the cross fields (in terms of most
common number of pits per cross field). In tangential
longitudinal section, ray height (in terms of number of cells
high) was also recorded in terms of minimum-maximum,
occasional maximum, and mean. Also, in accordance with
the analysis carried out by Falcon-Lang (2005) regarding intra-
tree variability in wood anatomy, it was kept in mind that in
both branches and trunks the characteristic that varies less
during ontogenetic growth is the percentage of uniseriate pits
in the radial walls of the tracheids. Conversely, the contiguity
of tracheid pitting can be quite variable, due to an
ontogenetical decrease of the percentage of this particular
type of pits.

Specimens have been deposited in the paleobotanical collection
of the Faculty of Exact and Natural Sciences of the National
University of the Northeast (Corrientes, Argentina), and numbered
with the prefix CTES-PB for the wood specimens and CTES-PMP for
the microscope slides, as well as in the Museo Padre Molina (Rı́o
Gallegos, Santa Cruz, Argentina), numbered with the prefix PMP-
PB for specimens.



Fig. 2. General aspect in transverse section of the wood. A. Baieroxylon

rocablanquense nov. sp. secondary xylem with growth rings (white arrows). B–D.

Ginkgomyeloxylon tanzanii Giraud and Hankel pith (black arrow) and secondary

xylem with growth rings (white arrows). A: CTES-PB 14050, B: CTES-PB 10698, C:

CTES-PB 10660, D: CTES-PB 12006. Scale bars = 4 mm.
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3. Systematic palaeobotany

Order GINKGOALES Engler, 1897
Genus Baieroxylon Greguss, 1961
Type species: Baieroxylon implexum Greguss, 1961

Baieroxylon rocablanquense nov. sp.
Figs. 2(A) and 3
Derivatio nominis: The name of the species refers to the source

formation.
Holotype: PMP-PB 2449, CTES-PB 14050 (CTES-PMP 2985-

2987).
Paratype: PMP-PB 2450, CTES-PB 14051 (CTES-PMP 2988-

2990).
Other material studied: PMP-PB 2452, CTES-PB 14052 (CTES-

PMP 3047-3049).
Locality: Estancia Los Pirineos, Santa Cruz province, Argentina.
Stratigraphic position: Roca Blanca Formation, Early Jurassic.
Diagnosis: Growth rings distinct. Tracheid pitting of mixed

type. Pits areolate, circular, uniseriate, araucarioid contiguous (35-
37%), mixed (28-30%), or spaced (34-36%). The latter includes
abietinoid type pitting, i.e., pits being separated by less than one pit
diameter (‘‘separate 1’’; 24%) and by more than one pit diameter
(‘‘separate 2’’; 10%). Cross-field pitting composed of 1-6, 12 circular
cupressoid pits, arranged in horizontal rows and in groups or
crowns. The frequent range (most common numbers) of pits in
cross fields is 4-6. Radial system homogeneous with homocellular,
uniseriate, and low rays of 2-8, 11 cells high, with a mean of 4 cells.
Tertiary? helicoidal thickenings present on the radial walls of
tracheid cells with small angle.

Description: Several fragments composed only of secondary
structures of 6-10 cm in diameter and 3-5 cm in length, with up to
12 growth rings preserved were analyzed (Fig. 2(A)). The
description given here is based mainly on the CTES-PB 14050
type specimen, although examination of the other specimens also
gives support (Table 1).

The transverse section shows distinct growth rings. Tracheids
are circular to polygonal in shape, with a mean radial diameter of
21 mm (13-35 mm) and a mean tangential diameter of 23 mm (12-
40 mm). The presence of variously shaped and sized intercellular
spaces (8-10 mm for smaller tracheids and around 60 mm for larger
ones), gives the wood a disorganized overall appearance (Fig. 3(A,
B)). The mean number of rows of tracheids between two adjacent
rays is 6, with a range of 2-13.
Table 1
Summary of quantitative data for the analyzed specimens (Mi: minimum, Ma: maxim

Species Baieroxylon

rocablanquense nov. sp.

Formation/Country/Age Roca Blanca,

Argentina

Early Jurassic 

Specimens (CTES-PB) 14051 14050 1405

Numbers of growth rings 6 7 10 

Percentage pitting 1-seriate 100 100 100 

2-seriate 

3-seriate 

contiguous 35 36 37 

mixed 29 30 28 

separate 1 23 24 25 

separate 2 13 10 10

alternate 

opposite 

Cross-field pits Mi-Ma, Mo 1-8, 12 2-8, 12 2-8, 

RF 4-6 4-6 4-6 

Ray height Mi-Ma, Mo 2-8 1-10 1-11

M 3 4 4 
In radial longitudinal section, tracheid pitting is of the mixed
type. Pits are areolate, circular, uniseriate, araucarioid contiguous
(36%), mixed (30%), or spaced (34%). The latter includes abietinoid
type pitting, i.e., pits being separated by less than one pit diameter
(‘‘separate 1’’; 24%) and by more than one pit diameter (‘‘separate
2’’; 10%) (Fig. 3(C, D, I)). The size of pits is 10-17 mm. Pits show a
circular or oval aperture measuring 4-6 mm, with a flattening
coefficient of up to 0.5. Cross-field pitting consists of 1-6, 12
circular cupressoid pits, arranged in horizontal rows, and in groups
or crowns. The frequent range (most common numbers) of pits in
cross fields is 4-6 (Fig. 3(E–F)). The ends of some tracheids in
contact with the rays are recurved (Fig. 3(G)). Tertiary? helicoidal
thickenings are present on the radial walls of tracheid cells with
small angle (Fig. 3(H)).
um, Mo: occasional maximum, M: mean, RF: frequency range).

Ginkgomyeloxylon

tanzanii

La Matilde,

Argentina

Nandanga,

Tanzania

Middle Jurassic Early Jurassic

2 10698 10660 10658 12006

6 18 20 without pith 16 without date

89 90 89 89 91

11 9 10 10 9

1 1 1 Yes

88 87 80 81 86

9 9 16 15 14

3 4 4 4

90 90 84 84 88

10 10 16 16 12

10 2-6, 8 2-6, 7 2-6, 10 2-6, 8 2-10

2-4 2-4 2-4 2-4 2-4

 1-8 1-8, 12 2-9, 15 1-9, 16 2-6, 15

4 4 5 5 without date



Fig. 3. Baieroxylon rocablanquense nov. sp. A, B. Transverse section of wood showing tracheids of secondary xylem with intercellular spaces (white arrows), smaller tracheids

(black arrows) and larger tracheids (gray arrows). C, D. Longitudinal radial section, detail of uniseriate tracheid pits, contiguous and separate. E, F. Longitudinal radial section,

detail of cross fields pits. G. Longitudinal radial section, detail of recurved tracheids. H. Longitudinal radial section, tracheid with tertiary? helicoidal thickenings. I.
Longitudinal tangential section, detail of uniseriate tracheid radial pits. J, K. Longitudinal tangential section, distribution and frequency of rays and uniseriate tracheid pits. A,

B: CTES-PMP 2985, C–F, H: CTES-PMP 2986, I: CTES-PMP 2987, G: CTES-PMP 2989; all LM. Scale bars: A, B, E, G = 30 mm; C, D, F = 45 mm.

S. Gnaedinger / Geobios 45 (2012) 187–198190
In tangential longitudinal section, tracheid walls have uni-
seriate and partially biseriate circular pits (Fig. 3(J)). The radial
system is homogeneous with rays homocellular, uniseriate, and
low. Rays are 1-10 cells high, with a mean of 4 cells. Extreme cells
are triangular-elongate and central cells are elliptical. Rays
measure 37 mm in height and 30 mm in width (Fig. 3(K)). In
tangential and radial longitudinal sections short tracheids are also
seen, giving the wood a wavy appearance. The rameal and/or foliar
traces are oval in form, and measure approximately 990 mm in
height and 834 mm in width.

Remarks: The structure of this wood allows it to be assigned to
Baieroxylon Greguss, which is characterized by radial pits 1-2
seriate, often with araucarioid flattening, radial wall of some
tracheids with helicoid thickenings, tracheid tips often club-
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shaped, bent along ray-cells and rays 1-15 cells high, mostly
uniseriate (Greguss, 1961; Philippe and Bamford, 2008). Prasad
(1982) characterizes this genus by the presence in the walls of
tracheids of the mixed type pitting and tertiary helicoidal
thickenings. In accordance with Burgert et al. (2004), in the
normal wood the helicoidal thickenings are at low angle, while in
the compression wood they are at a much higher angle, therefore
the presence of true thickenings here is in doubt.

According to the comparison made among the eight described
species of Baieroxylon, the specimens studied from the Roca Blanca
Formation differ in terms of multiple characteristics, and are
therefore assigned to a new species, B. rocablanquense Gnaedinger
(Suppl. Table S1). This new species is most closely comparable to
species that show a predominance of uniseriate and separate pits,
such as Baieroxyon chilensis Torres and Philippe from the Early
Jurassic of Chile and Triassic-Early Jurassic of Argentina, and
Baieroxylon cambogdiense Serra from the Mesozoic of Asia, with
this last species also exhibiting crassulae. The new species can be
differentiated from these ones by the presence of biseriate pits and
by the lower number of pits in the cross-fields (Suppl. Table S1).

Genus Ginkgomyeloxylon Giraud and Hankel, 1986
Type species: Ginkgomyeloxylon tanzanii Giraud and Hankel,

1986

Ginkgomyeloxylon tanzanii Giraud and Hankel, 1986
Fig. 2(B–D) and 4–6
Material studied: Cerro Conito: CTES-PB 10698 (CTES-PMP

2396, 2397, 2398); CTES-PB 12006 (CTES-PMP); Bardas Blancas:
CTES-PB 10658 (CTES-PMP 2349-2350); CTES-PB 10660 (CTES-
PMP 2363,2364, 2365).

Description: Wood fragments 4-12 cm in diameter with pith,
primary, and secondary xylem, which correspond to specimens
with 6-16 growth rings (Fig. 2(B–D)). Two other specimens, up to
18 cm in diameter and with 18-20 growth rings preserved, present
only a secondary structure. The description here is based mainly on
the CTES-PB 10698 specimen, although the rest of specimens also
gives support (Table 1).

Pith heterogeneous, composed of parenchyma cells, groups of
sclerenchyma cells (sclereids), sclerenchyma fibers and transfusion
hydrocystes, and rare secretory cells (Figs. 4(A) and 6(A, B)). The
parenchyma cells are circular to irregularly shaped, measure 75-
104 mm, and are separated by intercellular spaces. Sclerenchymatic
fibers are isodiametric cells measuring 35-46 mm in diameter and
grouped into two or three nests. The sclereids show polygonal-oval
section and measure 59-74 mm in diameter. These are arranged
irregularly between the parenchyma cells, either singly or in groups
of two or three cells. The transfusion hydrocystes are isodiametric to
irregularly shaped and measure 75-150 mm in diameter (Fig. 4(B,
C)). In longitudinal section, the pith cells are arranged in vertical
rows, irregularly grouped according to the distribution shown in the
transverse section (Fig. 4(E)).

Primary xylem endarch, with wedge-shaped projections when
viewed in transverse section. The protoxylem tracheids are
irregularly arranged and polygonal in shape, and measure 6-
7.5 mm, while metaxylem tracheids measure 14-15 mm. In
longitudinal section, the walls of primary xylem tracheids in
contact with pith cells have annular and scalariform thickenings
(Figs. 4(A, C–F) and 6(C, D)).

Secondary xylem pycnoxylic with well-marked growth rings.
Tracheids in the early wood are quadrangular-rectangular in
shape (some polygonal; Fig. 5(A)). The radial diameter of
tracheids is 53 mm (22-95 mm) and the tangential diameter is
33 mm (16-47 mm). The presence of variously shaped (15-22 mm
for smaller tracheids and around 95 mm for larger tracheids) and
sized intercellular spaces gives the wood a disorganized overall
appearance. In another specimen, very large tracheids are also
present, from 115 to 133 mm in diameter. Inflated parenchyma
cells (idioblast?) are present (Fig. 5(B, C)). Late wood tracheids
are rectangular, and measure 14 mm (13-16 mm) in radial
diameter and 27 mm (15-37 mm) in tangential diameter. The
mean number of rows of tracheids separating the rays is 5, with a
range of 2-10.

In radial longitudinal section, bordered pits in tracheid walls are
circular, and occasionally oval, mainly uniseriate (89%), araucar-
ioid, contiguous (88%), mixed (9%), and abietinoid type, i.e., pits
being separated by less than a pit diameter (3%). Other pitting are
uniseriate with biseriate portions or biseriate (11%), alternate
(90%), and opposite (10%) (Figs. 5(D, E) and 6(E–H)). In the others
specimens triseriate pits are sometime present (1%) (Table 1). Pits
are 10-14 mm in diameter, with circular pores 4-6 mm in diameter
with a flattening coefficient of 0.6-0.7. The helicoidal thickenings
are present on the radial walls of tracheid with a much higher
angle, typical of compression woods. The ends of some tracheids in
contact with the rays are recurved. Cross-fields show 2-6 (8)
cupressoid-type pits, whose most common numbers range from 2
to 4; they are 8 mm in size and with apertures 4 mm in diameter,
mostly oblique, arranged in groups of 3-4 in two horizontal rows or
crowns (Fig. 5(F)).

In tangential longitudinal section, tracheid walls have uni-
seriate, circular pits. The radial system is homogeneous, composed
of homocellular, uniseriate rays, some partially biseriate in 1-2
levels. Height varies from 1-9 cells, with a mean of 3 cells. Marginal
cells are triangular and central cells are ovoid-rectangular. They
measure 37 mm in height by 30 mm in width (Fig. 5(I)). Axial
parenchyma is present, with cells measuring 284-383 mm in
height by 65-75 mm in width and transverse walls smooth (Fig.
5(G)). Short tracheids are also present, and give a wavy appearance
to the wood in tangential longitudinal section. The rameal and/or
foliar traces are oval in form, and measure approximately 374 mm
in height by 180 mm in width (Fig. 5(H)).

Remarks: Based on its pith, primary xylem, and secondary
xylem characteritics, this specimen from Patagonia can be
confidently assigned to G. tanzanii Giraud and Hankel (Suppl.
Table S1). Based on their the secondary xylem features, the studied
specimens are comparable to Baieroxylon cicatricum Prasad and
Lele from the Upper Triassic of India and Brasil and the Upper
Permian of Uruguay and Paraguay (Prasad and Lele, 1984;
Muralidhar-Rao and Ramanujam, 1986; Crisafulli, 2001; Crisafulli
and Herbst, 2009; Bardola et al., 2009), and to Baieroxylon

graminovillae (Zimmermann) Prasad and Lele, of the Upper Triassic
of Germany. However, the specimens studied here also tend to
differ from these in one characteristic or another (Suppl. Table S1).

4. Quantitative analysis of the woods

Table 1 summarizes the quantitative data related to the
anatomical characteristics of the analyzed wood fragments, as
obtained from various specimens identified as B. rocablanquense

nov. sp. and G. tanzanii. Based upon this, it was determined that
the specimens from the Roca Blanca Formation represent a new
species of Baieroxylon, since uniseriate pits are only present on
the radial walls of the tracheids and with a typical range of 4-6
pits in the cross fields. These characteristics differentiate this
wood from all other species in the genus (Suppl. Table S1). It can
also be inferred, based on the curvature of the pith margin, that
these specimens must derive from branches or young trunks
(Fig. 2(A)).

In regard to Ginkgomyeloxylon, Table 1 shows the values
obtained for four specimens. With the first two (CTES-PB 10698
and CTES-PB 10660), the counting was performed for the radial
longitudinal section across the first growth rings, i.e., close to the
pith. In the other two samples (CTES-PB 12006 and CTES-PB



Fig. 4. Ginkgomyeloxylon tanzanii Giraud and Hankel. A. Transverse section of wood showing pith (Ph), primary (Px) and secondary xylem (Sx). B. Transverse section of wood

showing sclerenchymatic fiber nests (arrows). C. Transverse section of wood showing details of the pith: parenchymatic cells (Pc), sclerenchymatic cells (scl); transfusion

hidrocystes (ht) and secretory cells (sc). D. Transverse section of wood showing endarch primary xylem (white arrow) and sclerenchyma cells of the pith (black arrow). E.

Longitudinal radial section, detail of the pith with parenchyma (Pc), sclerenchyma cells (scl), sclerenchymatic fiber (sf), transfusion hidrocystes (ht), and primary xylem (px).

F. Longitudinal radial section, detail of the annular and scalariform thickenings in tracheids of the primary xylem. A–D: CTES-PMP 2396, E–F: CTES-PMP 2397; all LM. Scale

bars: 100 mm, except F = 35 mm.
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10658), the area observed corresponded to the last few preserved
growth rings, between rings 14 and 18 (Fig. 2(B–D)). In agreement
with this, the percentage of uniseriate pits in the radial walls of the
tracheids was consistent in all samples (89-90%). However, the
values measured in terms of tracheids with contiguous pits were
87-88% close to the pith, but only 80-81% for tracheids more
distant from the pith. These data are in agreement with the pattern
suggested by Falcon-Lang (2005), i.e, in branches as well as in both
juvenile and adult trunks, the percentage of contiguous pits
decreases as the ontogenetic age of the wood increases.

Table 1 also shows that B. rocablanquense nov. sp. can be clearly
differentiated from G. tanzanii, since differences are seen in the



Fig. 5. Ginkgomyeloxylon tanzanii Giraud and Hankel. A. Transverse section of wood showing tracheids of secondary xylem and growth ring. B, C. Transverse section of wood

showing intercellular spaces (black arrows) and larger tracheids (white arrows). D, E. Longitudinal radial section, detail of uniseriate and biseriate tracheid pits. F.

Longitudinal radial section, detail of cross field pits. G. Longitudinal radial section, axial parenchyma. H. Longitudinal tangential section, rameal/foliar traces. I. Longitudinal

tangential section. Distribution and frequency of uniseriate rays. A, B, D–I: CTES-PB 10698; A, B: CTES-PMP 2396, D–F: CTES-PMP 2397, G–I: CTES-PMP 2398, C: CTES-PB

10660, CTES-PMP 2363; all LM. Scale bars: A–C, G–I = 100 mm; D–F = 30 mm.
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percentages related to pit seriation, arrangement, and type. The
first taxon has a mixed arrangement with a predominance of
mixed-type and abietinoid-type pits, while the second has a
predominance of araucarioid-type pits.

It can therefore be concluded that the samples analyzed from
the Roca Blanca and La Matilde Formations represent different
taxa: B. rocablanquense nov. sp. and G. tanzanii, respectively, and
that the fragments analyzed come from branches of different sizes
or from trunks.

5. Taxonomic considerations

Ginkgo biloba L. is the single extant species belonging to the
Order Ginkgoales, with its native distribution today restricted to



Fig. 6. Ginkgomyeloxylon tanzanii Giraud and Hankel. A. Detail of the pith with parenchyma (black arrows) and transfusion hydrocystes (white arrows). B. Detail of the pith

with sclerenchyma cells (black arrows) and transfusion hydrocystes (white arrows). C, D. Longitudinal radial section, detail of the annular and scalariform thickenings in

tracheids of the primary xylem. E–H. Longitudinal radial section. Detail of uniseriate and biseriate pits. A, B, E: CTES-PB 10660; C, D, F–H: CTES-PB 10698; all SEM. Scale bars:

A, B, E, H = 30 mm; C–D, G = 15 mm; F = 8 mm.
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southeastern China. The pith of this species is irregularly ‘‘star-
like’’ in form, and is made up of parenchyma cells, secretory cells,
and smaller secretory canals. Primary xylem is endarch. In radial
sections, the tracheids of the primary xylem show scalariform
thickenings, with no bordered pits (Zhang et al., 2000). Giraud
and Hankel (1986) have also noted that the pith of Ginkgo has
crystalliferous cells, secretory channels, sclerenchyma fibers, and
idioblasts, which combine to produce a heterogeneous appear-
ance. Finally, Seward (1919) described transfusion tissue near
the vascular bundles of the mid-vein or leaf petioles of the
Ginkgo. Greguss (1955: 125–126) has described the secondary
xylem of Ginkgo as follows: ‘‘Tracheids are irregular in shape and
arrangement, with small cells adjacent to larger cells or wedged
in among them, which distorts the regular course of the radial
rows. Intercellular spaces of varying shapes and sizes are also
frequently found between tracheids. Parenchyma is present, but
its distribution is not readily defined. Bordered pits are scattered
in the radial walls of tracheids, or are arranged in opposite pairs,
while twin pits and crassulae are frequently seen. The number of
pits per cross field is commonly 2-4, but for marginal ray cells,
and in large-celled or one cell high rays, there are 6-8,
exceptionally 9, araucarioid pits. Calcium oxalate druses
sporadically occur in wood parenchyma cells. Flattened spiral
thickenings also occasionally occur. Rays are uniseriate, 1-5 cells
in height. Ray cells are orbicular to short-elliptical in form, with
marginal cells slightly elongate.’’
In the existing literature regarding fossil wood of the Ginkgoales,
there are two systematic series of morphogenera. One of these
relates to morphogenera established on the basis of characteristics
of the pith, primary xylem, and secondary xylem; the other series
relates to isolated secondary structure. The characteristics of the pith
and primary xylem have the greatest systematic value, but this
double system is useful since a particular type of wood structure can
be found combined with varying types of pith and primary xylem,
and vice versa (Lepekhina and Yatsenko, 1966).

In agreement with the criteria given by Greguss (1961) and
accepted by various authors, the fossil wood studied here can be
assigned to the Ginkgoales (‘‘Ginkgo type’’) based upon the
disorderly appearance of secondary xylem as viewed in cross
section, which is produced by the presence of tracheids of varying
sizes. This type of growth is usually referred to as ‘‘intrusive
growth’’, which is a sort of additional, apical, bipolar growth, and
which only occurs in the Ginkgoales and certain other arborescent
dicotyledons (Süss et al., 2009). In addition to this distinctive
characteristic, the Ginkgoales present several other anatomical
features useful for identification, including intercellular spaces
between the tracheids, which are characteristically diamond-
shaped with four slightly concave sides (Richter et al., 2004, IAWA,
character 53), thin ends on the recurved tracheids, cross-field
simple or cupressoid pits, and low rays.

Fossil genera have been created and related to Ginkgoales
through the presence of a number of the above-mentioned
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characteristics. Two groups can be separated within these
morphogenera based on the secondary xylem, considering the
type and arrangement of pits in the radial walls of tracheids. There
is a ‘‘araucarioid or mixed’’ type, with contiguous to spaced,
alternate and opposite pits, and an ‘‘abietinoid’’ type, with spaced
and opposite pits, very occasionally contiguous or alternate. The
first group characterizes a heterogeneous genus assigned here to
araucarioid or mixed type, i.e., some species show an araucarioid
type (with contiguous and alternate pits), while others a mixed
type (with contiguous to spaced, alternate and opposite pits). The
second group, with ‘‘abietinoid’’ type, shows spaced and opposite
pits, very occasionally contiguous or alternate. The following fossil
Ginkgoalean genera have thus been categorized within these two
groups (1 and 2 below), with their diagnostic characteristics
summarized below:

� Genera defined on the basis of the pith, primary xylem, and
secondary xylem:
� 1A: Ginkgomyeloxylon Giraud and Hankel, 1986. Pith hetero-

geneous, with parenchyma cells, groups of sclerenchyma cells
(sclereids), fibers, a few secretory cells, and transfusion
hydrocystes. Protoxylem is endarch. ‘‘Ginkgo type’’ secondary
xylem with araucarioid or mixed-type pits. The secondary
structure of the Ginkgomyeloxylon could be described as
‘‘Baieroxylon Type’’ because some species assigned to this last
genus show a predominance of araucarioid pitting. Bamford
and Philippe (2001) have commented that the secondary
xylem of the type specimen of this morphogenus is strikingly
similar to the other woods described from the same Nandanga
Formation, and especially the one identified as Prototaxodiox-

ylon choubertii Giraud and Hankel, 1985. However, Süss (2003)
accepted the validity of Giraud and Hankel’s criteria for
assigning this taxon to the Ginkgoales;
� 1B: Ginkgophytoxylon Vozenin-Serra et al., 1991. Homogeneous

pith, made up of parenchyma cells. Primary xylem endarch.
‘‘Ginkgo type’’ secondary xylem with araucarioid or mixed-type
pits. Some species, such as Ginkgophytoxylon permiense

Vozenin-Serra et al., from the Permian of France and
G. isychozianus Crisafulli and Herbst (2011), from the Triassic
of Argentina, contain both parenchyma and few sclerenchyma
cells in the pith;
� 1C: Palaeoginkgoxylon Zhuo Feng, Jun Wang, Rößler, 2010. Pith

solid, parenchymatous, pitted cells irregularly present in
vertical files. Primary xylem endarch. ‘‘Ginkgo type’’ secondary
xylem with mixed-type pits. Axial parenchymatous tissue
developed;
� 1D: Pecinovicladus Falcon-Lang, 2004. Homogeneous pith with

parenchyma cells. Primary xylem endarch. ‘‘Ginkgo type’’
secondary xylem with abietinoid-type pits. Presence of inflated
axial parenchyma cells containing moulds of crystals. Based on
the co-occurrence of reproductive structures (Nehvizdyella),
Ginkgoales leaves (Eretmophyllum obtusum), Ginkgoales
branch wood (Pecinovicladus kvacekii Falcon-Lang), and Gink-
goales trunk wood (Ginkgoxylon gruettii Pons and Vozenin-
Serra), Kvacek et al. (2005) proposed a ‘‘whole-plant’’
reconstruction reflecting affinity between these taxa;
� 1E: Ginkgopitys Gnaedinger nov. gen.

Diagnosis (see Zhang et al., 2000: pp. 221, pl. I, figs. 1–9; pl.
II, figs. 1–3, 5): Heterogeneous pith made up of parenchyma
cells, secretory cells, and two secretory channels; Endarch
primary xylem. ‘‘Ginkgo type’’ secondary xylem, with abieti-
noid-type pits.

Type species: Ginkgopitys chinense (Zhang and Zheng)
Gnaedinger nov. comb. (basionym: Ginkgoxylon chinense Zhang
and Zheng, in Zhang et al., 2000).
Remarks: Zhang et al. (2000) described a new species,
Ginkgoxylon chinense, based upon pith, primary xylem, and
secondary xylem characteristics, although the original estab-
lishment of the corresponding morphogenus was based solely
upon the secondary xylem. Here, following the approach of
using two systematic series of morphogenera to classify
petrified woods as discussed above, this new genus is
proposed. It is considered to include species that have
heterogeneous pith and ‘‘Ginkgoxylon Type’’ secondary xylem,
and as such it remains distinct from the original diagnosis of
the morphogenus Ginkgoxylon.

� Genera defined on the basis of the secondary xylem only:
� 2A: Baieroxylon Greguss, 1961: radial pits 1-2 seriate, often

with araucarioid flattening, radial walls of some tracheids with
helicoid thickenings, tracheid tips often club-shaped, bent
along ray-cells and rays 1-15 cells high, mostly uniseriate
(Greguss, 1961; Philippe and Bamford, 2008). Prasad (1982)
characterizes this genus by the presence in the walls of
tracheids of the mixed-type pitting and tertiary helicoidal
thickenings. According to the tracheid pitting in radial walls,
Baieroxylon characterizes a heterogeneous wood group; some
species show an araucarioid type, while others a mixed type
(Suppl. Table S1). Zheng and Zhang (2000) revised the
diagnosis of Protoginkgoxylon (Torrey) Khudajberdyev. Later,
Süss (2003) transferred all species of Baieroxylon to Proto-

ginkgoxylon. However, Philippe (1993) and Philippe and
Bamford (2008) pointed out that Protoginkgoxylon is not
legitimately published as it lacks the designation of a holotype.
In this work, the criteria established by Philippe and Bamford
(2008) have been used for Baieroxylon;
� 2B: Primoginkgoxylon Süss, Rössler, Boppré and Fischer, 2009.

Secondary xylem with mixed-type pits. Wood composed of
tracheids, crystalidioblasts, and rays. Helicoidal thickenings,
and crystals in tracheids present;
� 2C: Ginkgoxylopropinquus Savidge, 2006. Secondary xylem with

mixed-type pits, uniseriate, separated by weak crassulae,
sometimes biseriate with opposite or alternate arrangement.
Inflated ray cells present;
� 2D: Ginkgoxylon Saporta emend. Süss, 2003. Secondary xylem

with abietinoid-type pits. Bordered abietinoid pits on radial
tracheid walls, crassulae occasionally present, axial parenchy-
ma sparsely scattered. Occasionally with irregular wavy
thickenings, crystalliferous cells or idioblasts. Süss (2003)
proposed a revision of the genus, and gave a complete list of
species of Ginkgoxylon, which show a continuous stratigraphic
distribution since the Tertiary;
� 2E: Ginkgo. Some authors have directly related Mesozoic and

Tertiary Ginkgoalean fossil wood to the extant genus Ginkgo

(Scott et al., 1962; Khudajberdyev, 1971).

In accordance with this classification, a Ginkgoalean identifica-
tion key based upon fossil wood is presented in Table 2.

6. Stratigraphic and palaeogeographical distributions

Zhou (2009) and Süss et al. (2009) have discussed the
paleogeographical distributions of woods from morphogenera
with affinities to the Ginkgoales. This topic is addressed here in
Table S1, which combines data regarding the set of diagnostic
anatomical characters of Ginkgoalean woods with their known
stratigraphic and paleogeographical distributions.

In Table 3, paleogeographic distribution data for the wood
genera (araucarioid or mixed type and abietinoid type) are first
presented along with ages, based upon Table S1. Data of the
Tertiary species of Ginkgoxylon or Ginkgo are taken from Süss
(2003: 311). It shows that for Gondwana, there are eight species



Table 2
Ginkgoalean identification key based on fossil wood.

1a Secondary xylem with araucarioid or mixed-type pits 2

1b Secondary xylem with abietinoid-type pits 3

2a With pith 4

2b Without pith 5

4a Pith heterogeneous with parenchyma cells, groups of sclerenchyma cells (sclereids) fibers,

few secretory cells, and transfusion hydrocystes. Secondary xylem with helicoidal thickenings

and bulliform cells

Ginkgomyeloxylon

4b.1 Pith homogeneous with parenchyma cells and few sclerenchyma cells. Secondary xylem

without helicoidal thickenings and with bulliform cells

Ginkgophytoxylon

4b.2 Pith homogeneous with parenchyma cells. Secondary xylem with bulliform cells and

axial parenchymatous tissue

Palaeoginkgoxylon

5a Without pith. Secondary xylem with helical thickenings 8

8a With crystalidioblasts Primoginkgoxylon

8b Without crystalidioblasts Baieroxylon

5b Without pith. Secondary xylem with swollen rays Ginkgoxylpropinquus

3a With pith 9

3b Without pith. Secondary xylem with inflated and crystalliferous cells, axial parenchyma,

helicoidal thickenings, and conspicuously bulging ray cells

Ginkgoxylon/Ginkgo

9a Pith homogeneous. Pith with parenchyma cells. Secondary xylem with helical thickenings

and inflated axial parenchyma

Pecinovicladus

9b Pith heterogeneous 10

10a Parenchyma, secretory cells, and two secretory channels Ginkgopitys

10b Parenchyma, fibers, idioblasts, secretory cells, and secretory channels Ginkgo biloba
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and/or record of Baieroxylon (Permian-Cretaceous), two of
Ginkgophytoxylon (Permian-Triassic), three of Primoginkgoxylon

(Triassic), two of Ginkgomyeloxylon (Jurassic), and two of Ginkgox-

ylon (Cretaceous-Tertiary). For Laurasia, the table includes nine
species of Baieroxylon (Permian-Cretaceous), one of Palaeoginkgox-

ylon (Permian), two of Ginkgophytoxylon (Permian), one of
Ginkgoxylopropinquus (Triassic), one of Pecinovicladus (Cretaceous),
one of Ginkgopitys (Cretaceous), and 20 of Ginkgoxylon/Ginkgo

(Cretaceous-Tertiary-Present; number of species taken from Süss,
2003: 311) (Suppl. Table S1 and Table 3).

From the Jurassic deposits of Gondwana, the only taxa recorded
are Baieroxylon chilensis, from Chile and Argentina, and G. tanzanii,
from Africa. Based on this distribution, one result of the present
work is the first recording of the morphogenus Ginkgomyeloxylon

in Argentina (Middle Jurassic), which is also the second record of
this taxon in Gondwana. The biochronological distribution of this
taxon can therefore be extended from the Early Jurassic to the
Middle Jurassic. In addition, a new species of Baieroxylon has been
identified here, which after B. chilensis, represents the second
Table 3
Stratigraphic and paleogeographical distribution of araucarioid or mixed-type and abieti

Ginkgo).

Laurasia 

Type Genera UPm UTr Jr

Araucarioid or Mixed Baieroxylon 3 2 3

Primoginkgoxylon 

Ginkgophytoxylon 2 

Palaeoginkgoxylon 1

Ginkgomyeloxylon 

Ginkgoxylpropinquus 1

Abietinoid Pecinovicladus 

Ginkgoxylon/Ginkgo 1

Ginkgopitys 
record of this morphogenus for the Jurassic for both Argentina and
Gondwana.

7. Conclusions

Table S1, Table 3 and Fig. 7 show the distribution of Ginkgoalean
woods on a global scale, over the course of geological history.
Through the analysis of anatomical, stratigraphic, and paleogeo-
graphic information related to the fossil Ginkgoales identified until
now, the following inferences can be made:

� From the Permian to the Cretaceous, these woods have an
araucarioid or mixed-type secondary xylem;
� From the Late Cretaceous to the Tertiary they show the

abietinoid-type of secondary structure (similar or identical to
the extant species);
� From the Jurassic to Early Cretaceous species have been

identified that show secondary structure between the mixed
type, with a tendency towards the abietinoid type (in terms of
noid-type woods (data from Suppl. Table S1 and from Süss, 2003 for Ginkgoxylon or

Gondwana

 Kr Tc UPm UTr Jr Kr Tc

 1 3 2 2 1

3

1 1

2

1

 6 13 2 1

1



Fig. 7. A. Distribution of the type of wood by Age. B. Stratigraphic and

paleogeographical distribution of Ginkgoalean species (data from Table 3).
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the spacing and opposite arrangement of the pits in the radial
walls of tracheids). In Gondwana, such species include B. chilensis

and B. rocablanquense nov. sp., while B. cambogdiense, which also
has crassulae, is found in Laurasia.

This distribution essentially reflects the evolution of the cellular
elements of the secondary xylem over time. As typical of all
gymnosperms, this means reduction in the number of series of pits,
increases in pit size, and a change from contiguous, alternate pits to
spaced and opposite pit arrangements (Erasmus, 1976). These
anatomical changes occurred in the Mesozoic, beginning in the
Triassic-Jurassic and reaching their fullest expression in the
Cretaceous.

In Gondwana, the greatest diversity in mixed-type woods is
seen in the Mesozoic, especially in the Upper Triassic. The wood
species with the widest palaeogeographical and stratigraphic
distribution is Baieroxylon cicatricum in South America (Permian-
Cretaceous). Only two species were identified with abietinoid
secondary structure, in the Upper Cretaceous and in the Tertiary
(Fig. 7). In Laurasia, there is less diversity of the mixed-type wood
species from the Permian to the Lower Cretaceous, but from the
beginning of the Upper Cretaceous the diversity of abietinoid wood
types begins to increase. This process culminates in G. biloba L., the
single extant species of the order Ginkgoales (Fig. 7).

Studies based on biostratigraphic data of fossil Ginkgoalean
leaves and reproductive structures have been reported by Zhou
and Wu (2006) and Zhou (2009). These studies revealed that a
sharp increase in species diversity and that major morphological
changes in reproductive structures (reduction of numbers of seeds
and increases in their size) and leaves (lamina and petiole
differentiation) occurred from the Middle Triassic to the Late
Triassic. Other morphological changes took place during the Lower
to Middle Jurassic, but on a smaller scale. By combining these
earlier findings with the wood distribution data from this study, it
can be concluded that species diversity was greatest during the
Upper Triassic in Gondwana, with diversity decreasing between
the Jurassic and Early Cretaceous in both Gondwana and Laurasia.

All these informations on the anatomical characteristics of the
wood confirm the assignment of the genera discussed here to the
Ginkgoales. Also, the stratigraphic and paleogeographic distribu-
tions of these woods in terms of anatomical changes (from mixed
type to abietinoid type) are comparable to the morphological
changes in leaves and reproductive structures reported in Zhou
and Wu (2006) and Zhou (2009).
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Gymnospermes paléozoı̈ques et la phylogénie des Ginkgophytes. Palaeonto-
graphica Abt, B 221, 1–26.

Zhang, W., Zheng, S.L., Shang, P., 2000. A new species of Ginkgoalean wood
(Ginkgoxylon chinensis Zhang and Zheng sp. nov.) from Lower Cretaceous of
Liaoning. Acta Paleontologica Sinica 39, 220–225.

Zheng, S.L., Zhang, W., 2000. Late Paleozoic Ginkgoalean woods from northern
China. Acta Paleontologica Sinica 39, 119–126.

Zhou, Z.Y., 2009. An overview of the Ginkgoales. Paleoworld 18, 1–22.
Zhou, Z.Y., Wu, X.W., 2006. The rise of Ginkgoalean plants in the early Mesozoic: a

data analysis. Geological Journal 41, 363–375.
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