
longitudinal section, and the rays are mostly very high. The ray
features are consistent throughout the section so it is most
unlikely that the rays are part of the tension, compression or
wound wood. A new species is, therefore, described.

Podocarpoxylon umzambense Schultze-Motel 1966
Catalogue number: BP/16/726.
Locality: Namaqualand continental shelf (see above).
Stratigraphy: Coniacian.
Collector: I.R. Stevenson.
Figures: 7–11.
The piece of fossil wood is silicified and grey. It measures 5 ×

8 × 21 cm, but was part of a large-diameter tree, probably more
than 50 cm. There is no central pith. Growth rings are indistinct
with narrow late wood only 1–4 cells wide. On average the rings
are 1.6 mm wide (range 0.7–2.8 mm), but this is based on a small
sample. The tracheids are round to squarish in transverse section
with large empty lumens (Fig. 7), regularly arranged and the
early-wood mean tangential diameter is 60 µm (range 35–75 µm)
and mean radial diameter 61 µm (range 45–70 µm). The late-
wood mean tangential diameter is 53 µm (range 50–63 µm) and
mean radial diameter is 27 µm (range 20–35 µm). The total thick-
ness of adjacent tracheid walls is 10–12 µm. Bordered pitting
occurs on the radial walls only, is uni- to biseriate, opposite, sepa-
rate and contiguous (Figs 7, 8). No true alternate pitting occurs,
but there are short regions where the pits are more crowded and
appear to be alternately arranged. These regions are very small
and we do not consider them to be common enough to describe
the tracheid pitting as being mixed (opposite and alternate, typi-
cal of the Protopinaceae.) The diameter of the pits is 20–25 µm
and the pit apertures are 5 µm wide on average.

Rays (Fig. 10) are mostly uniseriate, occasionally biseriate, and
are 1–19 cells high (average of 15). Horizontal walls of the ray
cells are thin and unpitted. The cross-field pits are single with a
narrow border, round to oval, sometimes obliquely orientated,
and measure 10–12 × 7.5 µm, which is less than half the total area
of the field (Fig. 11). Often the pits are to one side of the field and
not central. A dark deposit, possibly resin, sometimes spindle-
shaped, is common in ray parenchyma and axial parenchyma
cells. No resin canals occur.

Podocarpoxylon sp.
Catalogue number: BP/16/723.
Locality: Namaqualand continental shelf (see above).
Stratigraphy: Coniacian.
Collector: I.R. Stevenson.
The silicified wood is grey and measures 8 × 14 × 16 cm.

Growth rings are not visible. There is no pith. The tracheids are
squarish in outline with large empty lumens and fairly thin
walls. The early-wood mean tangential diameter is 54 µm (range
47–62 µm) and mean radial diameter is 44 µm (range 37–50 µm).
Bordered pitting occurs on the radial walls only, is uniseriate and
separate and the pits have a diameter of 20–22 µm. The rays are
mostly uniseriate, but have portions of 1–10 cells high where
they are biseriate. Height ranges from 10–28 cells, but on average
is 20 cells. No cross-field pits were preserved. No resin canals or
axial parenchyma occurs.

This specimen is very similar to BP/16/726, attributed to
P. umzambense, as far as the arrangement and size of the tracheid
pits are concerned, but as there are no cross-field pits preserved
it is not possible to be completely certain.

Another specimen, BP/16/725, a piece of grey silicified wood,
4.5 × 13 × 13 cm in size, is also poorly preserved. The tracheids
are squarish in outline with fairly thick walls and the early-wood

mean tangential diameter is 41 µm (range 32–50 µm) and mean
radial diameter is 45 µm (range 30–55 µm). The average ray
height is 20 cells, and the rays are uniseriate.

The specimen BP/16/724 is grey, 4 × 7 × 17 cm in size, and is
very poorly preserved; we can only say that it is very similar to
all the other specimens in transverse section.

Comparison with published woods
The genera Podocarpoxylon and Phyllocladoxylon were created

by Gothan for woods with features similar to the wood of the
extant genera Podocarpus and Phyllocladus, respectively.13

Seward, on the other hand, declared that the two genera could
not be distinguished and he created the genus Mesembrioxylon,
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Figs 7–11. Podocarpoxylon umzambense Schultze-Motel 1966, BP/16/722. 7, TS,
squarish tracheids and no growth rings. Dark cells contain resin. Scale bar =
150 µm; 8, RLS, separate, round tracheid bordered pitting. Scale bar = 25 µm, 9,
RLS with crowded, biseriate tracheid pitting, which is predominantly opposite.
Scale bar = 40 µm; 10, TLS, medium height rays with narrow cells. Axial paren-
chyma can be seen Scale bar = 150 µm; 11, RLS, narrowly bordered, single,
cross-field pits. Scale bar = 15 µm.

7 8

9

11
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in which both Podocarpoxylon and Phyllocladoxylon were sunk.14

All three genera are still used for fossil woods and there is conse-
quently much confusion and duplication. Mesembrioxylon is a
synonym and should not be used.15

The Namaqualand offshore woods described in this article are
typical of the Podocarpaceae with their indistinct growth rings,
rare or absent axial parenchyma, tracheid pitting which is
abietinian (predominantly separate and uniseriate or biseriate
and opposite to slightly opposite), smooth radial and tangential
walls of the ray cells, and podocarpoid cross-field pits. The
cross-field pits of Podocarpoxylon have narrow borders
(oculipores), whereas those of Phyllocladoxylon have no borders
or extremely narrow ones (oopores; all described and illustrated
in Philippe16).

The new species, P. jago, described here, based on BP/16/722, is
similar to Podocarpoxylon gothani Stopes (Aptian, Isle of Wight;17 =
Mesembrioxylon gothani in Seward;14 = Podocarpoxylon gothani in
Kräusel18), which has low uniseriate rays (1-8-18 cells); uniseri-
ate, separate, tracheid-bordered pits, 15–17 µm; and one or two
‘large’ (according to Ramanujam19), 7 µm (according to Thayn
and Tidwell20 ), simple, oblique cross-field pits. Another wood,
Podocarpoxylon rajmahalense (Rajmahal, India, Jurassic; =
Mesembrioxylon rajmahalense;21 = Podocarpoxylon rajmahalense22) is
also comparable with the Namaqualand specimen in the size of
the tracheid-bordered pits (10 × 16 µm) but the rays are lower
and the cross-field pits larger (12-14-20 µm) in the Indian wood.
BP/16/722 has unusually wide ray cells and unusually high rays,
which are quite distinctive. Based on the suite of characters,
BP/16/722 is placed in a new species, Podocarpoxylon jago sp. nov.
Bamford & Stevenson.

High rays are uncommon in modern coniferous woods and
occur in only about six modern taxa, Abies alba, Cedrus libani (in
traumatic wood only), Larix occidentalis, Podocarpus gracilior,
P. usambarensis and Sequoia sempervirens.23 Greguss added three
more species to the list, P. dacrydioides, P. minor and P. totara.24 The
non-podocarpaceous woods have different wood characteristics
and will not be considered further. The species of Podocarpus
with high rays have narrow ray parenchyma cells, and usually
two pits per cross-field. The other features — indistinct growth
rings, tracheid sizes and tracheid-bordered pitting — are all very
similar in the fossil and modern woods.

Fossil woods with high rays are also very rare, occurring only
in Cupressinoxylon hortii,17 Dadoxylon biradiatum, D. duplicatum,25

Podocarpoxylon triassicum,26 Taxodioxylon albertense and T. taxodii.27

C. hortii has been transferred to Circoporoxylon.28 The woods of
Dadoxylon have araucarian tracheid pitting and the woods of
Taxodioxylon have spiral thickenings on the tracheid walls, which
leaves only P. triassicum with comparable wood features. The
rays of this specimen from the Triassic of Germany, however, are
only very rarely high, and the cells are narrow.26 Furthermore,
the cross-field pits occur singly or in twos or threes. If the
unusual width of the rays of P. jago is a result of preservation,
then the distortion of other cells adjacent to them, namely tra-
cheids, would be expected; the tracheids are not distorted (Fig. 4).

The second Namaqualand specimen described here is most
similar to Podocarpoxylon umzambense from the Upper Cretaceous
Umzamba beds of Pondoland, Eastern Cape.8 The illustrated
specimen of P. umzambense has similar-sized tracheid-bordered
pits (11 × 11–13 × 16 µm), rays unicellular and 1–25 cells high
and 1 or 2 pits per cross-field (8 × 5–11 × 7 µm). It also has spindle-
shaped deposits of resin in the parenchyma and tracheids.

These differences appear to be minor, but in fossil conifer wood
taxonomy they are usually considered significant enough to
distinguish between species.

Comparison with South African wood assemblages
Woods described from the Lower Cretaceous deposits,9,10 both

onshore and offshore of the Namaqualand shelf, as Mesem-
brioxylon should be placed in the genus Podocarpoxylon.15 There
are therefore several Lower Cretaceous podocarpaceous
species, one in common with the submerged forest taxa
described here, Podocarpoxylon umzambense and three other
species, P. sahnii, P. stokesii and P. woburnense, using the corrected
nomenclature. These Lower Cretaceous woods do not have the
high rays with broad cells that occur in P. jago. P. umzambense is
common to three sites — Pondoland on the southeast coast of
South Africa,8 the west coast9,10 and, as reported here, offshore of
the Buffels River system.

Although introduced conifers flourish in southern Africa,
modern indigenous conifers are rare. Widdringtonia cedar-
bergensis, W. nodiflora and W. schwarzii (Cupressaceae) and
Podocarpus elongatus, P. falcatus, P. henkelii and P. latifolius
(Podocarpaceae) are the only indigenous species.29 Woods of
these species of Podocarpus are so similar to each other that they
cannot be distinguished. Growth rings are indistinct, rays are of
medium height and uniseriate with cells taller than wide,
tracheid pitting is mostly uniseriate, rarely biseriate and oppo-
site, and there are one or, rarely, two podocarpoid pits per
cross-field.30–34

Discussion

Age
Well-preserved woods from well-dated sediments are useful

for biostratigraphic correlation. The Late Cretaceous succession
is characterized by repeated fluvial-to-marine high-frequency
cyclical deposition. Micropalaeontological analysis of sediments
related to the marine cycles has enabled the age and environ-
ments of this succession to be constrained. Each marine band
contains a distinctive agglutinated foraminifera assemblage
indicative of hyposaline estuarine and innermost shelf condi-
tions.35 The wood samples were taken from an area that is inter-
preted as representing interfluve facies of a coastal plain that
was formed during a fluvially-dominated cycle.

From the micropalaeontology, the age of P. jago is Coniacian.
P. umzambense was first reported from the Umzamba beds in
Pondoland on the east coast of South Africa which, based on the
ammonites,36 are Upper Senonian in age. P. umzambense also
occurs in the Lower Cretaceous deposits along the west coast,9,10

and so an intermediate age and occurrence of this taxon is
acceptable. The age range of P. umzambense is, therefore, from the
Lower Cretaceous (possibly Aptian-Albian), Coniacian to the
Upper Senonian. Angiosperm wood has also been described
from the Umzamba beds,7 but the sample was much larger, with
72 angiosperm specimens and 76 gymnosperm woods.8 Angio-
sperm woods have also been recovered from offshore deposits
equivalent in age along the west coast (manuscript in prep.).

Palaeoecology
From the visuals taken by the mini-submersible, Jago, fossil-

ized tree trunk remnants were observed in abundance over a
distance of 500 m traversed along the geological dip during this
dive. These remnants are sandwiched between uptilted and
exposed Late Cretaceous sedimentary beds on the sea floor, or lie
underneath flatter-lying, locally eroded outcrop slabs. It was
difficult to estimate the thickness of some of the larger (unrecov-
erable) pieces because the laser spots used to gauge sizes of
objects on the sea floor did not always show up very clearly on
the video coverage, owing to poor lighting and contrast. The
outcropping exposures tended to extend along strike for lengths
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greater than 5 m and were no more than 0.5 m in height and 1 m
wide. This may give some constraints on the size of the wood
associated with the outcrop, as no pieces of wood greater than
the outcrop size itself were seen. The logs are not parallel in
orientation as would occur if they had been transported by
water. Unfortunately, we cannot determine if there was an
understorey of vegetation. The small sample shows that the
forest comprised at least two species of tree and a larger sample
may show an even greater diversity.

One point of interest is the lack of distinct growth rings in
almost all of the woods. Where they do occur they are very
narrow and insignificant. This implies either a lack of seasonality
or sufficient available water all year round, and no low tempera-
tures to stop plant growth. By contrast, the generalized view of
the palaeoclimate postulates seasonally wet climates on a grand
scale.1–3 It is possible, however, that the lack of growth rings
reflects localized palaeohydrological conditions rather than the
regional climate. From the research done on the Upper Triassic
Chinle Formation, Demko et al.37 have shown that the conditions
in the terrestrial incised valleys are much more conducive to
preservation. The fossil flora will therefore represent the flora in
these wetter, or possibly, permanently wet, ecosystems, and not
the drier interfluves. In our study area, the samples of fossil
wood are from a Late Cretaceous palaeocoastal plain, which was
very extensive — its aerial extent is at least from offshore
Bogenfels to as far south as the Groen River (Fig. 1). This type of
environment was persistent over time for the Late Cretaceous
(Turonian to Coniacian) succession. The area of the coastal plain
which was the most fluvially dominated during this period
correlates with the area of the shelf from offshore the present-
day Buffels River to offshore the Groen River further south —
the area where the samples were found. This area experienced
the most extensive incised valley fill formation and, as a result, is
where the palaeohydrological ground water gradient would
have converged. This is borne out by the occurrence of extensive
groundwater ferricrete deposits unique to this area. These are
interpreted as reflecting a waterlogged, highly reducing envi-
ronment,38 which was ideal for the preservation of wood.

The Upper Cretaceous west coast is reconstructed as an exten-
sively incised coastal plain with dense, probably low-canopy,
gallery or riverine forest vegetation in the valleys.
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