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Abstract - The problem of root wood is discussed. Based on severa l spec imens of silic ified 
wood from the Oangu loca lity (Lower Eocene of the Paris Basin), the authors have attempted 
to explain variat ions in the wood structure by the ori gin of the studied woods w ithin the tree. 
A new species w ith two new forms is also established . (© Academie des sc iences / Elsevier, 
Paris.) 

Paris Basin / France / Ypresian / silicified Angiosperm wood / root wood / new species 

Resume - Le probleme du bois de racine est discute a partir ele p lusieurs specimens de bois 
silicifies elu gisement de Dangu (Eocene inferieur elu bassin de Paris) ; les auteurs tentent d'expliquer 
les variations de structure ligneuse par la localisation supposee des echanti llons au sein de I'arbre. 
Une nouvelle espece est aussi elefinie, sous eleux formes. (© Acaelemie eles sciences / Elsevier, Paris.) 
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Version abregee (voir p. 556) 

1. Introduction 

The Oangu locality is situated in the Paris Basin, 65 km 
northwest of the capital, in the 'Vex in normand' (Eure), 
7 km WSW of G isors and 1.5 km NNW of the village of 
Oangu, on the hill on the ri ght bank of the Epte river. 
Kceni guer (1981), in his study of the foss il peat, mentioned 
a great quantity of mineralized (essentially silic ified) 
wood, attributed to Gymnosperms and Angiosperms. The 
present paper reviews the main results of the M aster's 
thes is of Jakub Saka la (1998) focusin g on the problem of 
root wood . The work consisted of a study of some samples 
of fossi l Angiosperm woods from the Oangu loca lity. The 
problem of root wood is not often discussed : except for the 

manuals where the question is treated generally (Schwe
ingruber, 1978; Metca lfe and Chalk, 1983; Cutler et aI. , 
1987), there are only two recent papers (Macha\do et 
aI., 1997; ter Steege et aI. , 1997) devoted to th is subject. It 
is applied to the study of fossil wood. 

Note presentee par Edouard Boureau, 

* Correspondence and reprints. 

2. Geological setting 

The foss il s, associated with ligniti c peat remains, occur 
in sands to conglomerates w ith f lin t pebbles known as 
'ga lets avellanaires'. It is a res idual formation wh ich 
comes from an alte red terminal level of the Lower Ypresian 
(top of the sparnaciens fac ies) w hich sed imented in a 
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flu vio-marine regime (Kuntz et aI. , 1976). Generall y, many 
pebbles together w ith foss il woods are d istri buted more or 
less in the north-south direction, fo llowi ng a channel of 
the detrital supply w hich seems to have come from the 
ant iclina l of Bray, in the north (Kuntz et aI. , 1976). 

3. Systematic part 

Five different entities of Di coty ledons were recogni zed 
in the Dangu loca lity on the basis of seven wood sa mples. 
They belong probably to the families Combretaceae, Cae
sa lpin iaceae or M imosaceae, Rubiaceae and Hamameli 
daceae, 

Three types of foss i I Angiosperm wood revea l i nteresti ng 
questions about the ori gin of va ri ati ons in the wood struc
ture, and are dea lt w ith in the follow ing text. 

?Rubiaceae 

Crangeonixylon Pr ive-G i II 

Grangeonixylon danguense sp, n. - stem form (fig
ures 7 a and 7 b) 

Anatomical study. Growth rings: vaguely d istinct to the 
naked eye (emphas ized by secondary minerali zat ion), no 
more visible under the microscope. Vessels: diffuse po
rous, so li tary, c ircular to ellipt ica l; 20- 60 pores per mm 2

; 

wa ll s 3-1 0 ~lIl1 thi ck; tangential d iameter of so li ta ry pores 
18-80 [.Lm, mea n 47 [.Lm fo r the sa mp le W2 , 53 ~Lm for the 
sample 203A, 48 ~Lm for the sample W1 3; rad ial d iameter 
of so l itary pores 26-1 09 ~Lm; vesse l elements 80-656 ~lIl1 

v R 
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F 
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long; simp le perforation plates; intervascular p its bor
dered, c ircular to elli pti ca l (2-4 ~lIll long axis, 2-3 ~lm 
short ax is), alternate, not vestured , Fibres: pentagona l to 
hexagonal in cross-section, wa ll s 3- 6 ~Lm thi ck ; 1-1 5 ra
dial rows between the rays; tangenti al d iameter 8-20 ~Lm; 
rad ial di ameter 8-23 [.Lm ; lu men d iameter 2-6 ~Lm; non
septate , Vertica l parenchyma cells: qui te abundant, 
apotrachea l d iffuse, irregularly d istr ibuted and in short 
aggregates or loca ll y paratrachea l vas icentri c; ce ll dimen
sions (tangential d iameter x radial d iameter x height) 
7-29 [.Lm x 7-36 ~Lm x 47- 11 8 ~Lm , Rays: heterogeneou s, 
uni -, bi seri ate, rarely loca ll y tri seriate (Kr ibs's type I); 
17-20 per mm horizontal tangent ial; un iseri ate rays max. 
26 [.Lm w ide and 1- 11 ce lls (58-323 ~Lm ) high; multi seri ate 
rays 22-37 ~Lm w ide and 3-3 1 ce lls (139-1 201 ~Lm ) high; 
upr ight ce lls form the extremit ies of the mu lti se ri ate rays 
and the uniseriate rays; procumbent and square ce lls or 
onl y procumbent ce ll s form the bod ies of the mu ltiseri ate 
rays; tangent ial ce ll d imensions (height x w idth) 
11 - 106 x 11 - 29 ~lm ; examples of the radial ce ll d imen
sions (height x length ): upright ce ll s 62 x 33 , 
44 x 18 .. , [.Lm, square ce lls 29 x 27, 40 x 44 ... ~lm , proc
umbent ce ll s 20 x 51, 18 x 76 .. , ~Lm. 

Grangeonixylon danguense sp, n, - root fo rm (figures 7 c 
and ch 

Anatomical study. Growth rings: slightl y dist inct to the 
naked eye (emphas ized by seconda ry minerali za tion), un
der the microscope no more visibl e. Vessels: diffuse po
rous, so litary, c ircular to elli pt ica l; 14- 43 pores per mm 2

; 

wa ll s 3-5 ~Lm thi ck; dark plug always present; tangential 

v R 

p F 

c d 

Figure 1. Grangeonixylon danguense sp. n. (a, b: stem form; c, d: root form, same scale). a, d : cross-sections with vessels (V) , vertical 
parenchyma (P), rays (R) and fibres (F). b, c: rays in tangential section ; in b the uniseriate ray is abnormally well-developed. 

Crangeonixy/on danguensesp. n. (a, b : boi s de tronc ; c, d : bois de racine, Illeille echelle) , a, d : coupes transversales Illontrant la disposition des 
va isseaux (V), du parenchYllle verti ca l (P), des rayons (R) et des fibres (F), b, c : rayons en section tangentielie ; en b, Ie rayon un iserie est 
anorilla leillent b ien developpe. 
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diameter of so l itary pores 36-142 [Lm, mean 82 ~lm ; rad ial 
d iameter 44-142 ~lm; vessel elements 165-750 ~lm long; 
simple perforation plates; intervascular pits bordered, al
ternate, round, 3-4 [Lm areola diameter, 1-2 [Lm aperture 
diameter. Fibres: tangenti al di ameter 7-29 [Lm ; radia l d i
ameter 9- 36 ~lm; wal ls 5-14 [Lm thick; lumen d iameter 
3-18 [Lm; tangential pits (d iameter 3-4 [Lm) di stinctl y bor
dered, disposed in longitudinal lines; ci rcular apertures; 
septa not present. Vertica l parenchyma cells: very 
abundant, apotrachea l d iffuse, irregularly distr ibuted and 
in short uniseri ate tangential aggregates (5-7 by 500 radia l 
~lm) or slightl y pa ratrachea l vas icentri c; ce ll dimen
sions (tangenti al diameter x radial diameter x height) 
11 -33 ~lm x 11 -36 [Lm x 70-108 ~lm . Rays: multi seri ate 
(particularl y biseriate), 2-4 ce lls (33-80 [Lm) wide; 5-33 
ce ll s (120-936 ~lm) high; 8-11 per mm hori zo ntal tangen
tial; heterogeneous (Kribs's type II ); upright and sq uare 
ce ll s in the extremiti es; procumbent (sometimes procum
bent and square) ce ll s in the bodies; ta ngenti al cell dimen
sions (height x w idth) 9-52 x 23-56 [Lm ; examples of the 
rad ial ce ll dimensions (height x length): upright ce ll s 
38 x 26, 80 x 29, 47 x 36 ... [Lm , square ce ll s 29 x 29, 
33 x 36; 33 x 33 ... ~lm , procumbent ce ll s 23 x 35, 
18 x 98,43 x 62 .. . ~lm. 

Discussion 

The characters shared by the two woods descr ibed 
above are: so l itary vesse ls, apotrachea l parenchyma and 
rather narrow heterogeneous rays. They lead to place our 
woods to the proxim ity of three fami lies: Myrtaceae, Ru
biaceae and Santalaceae. The fa mil y Rubiaceae seems to 
be most closely related to our woods, but an exact taxi
nom ic ranking is not ev ident. 

In sp ite of the differences between our two woods 
(vessel d iameter, abundance of parenchyma, ray charac
ters), their ligneous structures are very similar and very 
rare among the fossi ls so far descr ibed. Because of that and 
of the fact that the number of woody Angiosperms types of 
Dangu is restri cted, we have attempted to find a natural 
exp lanat ion fo r the va ri at ions due to the loca l isation of the 
studied woods w ithin the tree. The main differences w hich 
ca n be found between both structures are: the higher 
abundance of the parenchyma in the second fo rm together 
with the larger diameter and the lower frequency of the 
pores, wh ile in the first fo rm, the rays are thinner and more 
frequent. The same differences ca n be noticed in the root 
wood, in comparison with the normall y developed trunk 
wood (Feli x, 1884; Schweingruber, 1978; Metcalfe and 
Chalk, 1983; Cutler et aI. , 1987; Macha\do et aI. , 1997). 
Therefore, we suggest the fo llowing interpretation: both 
woods belong to the same spec ies - the first one ca n 
represent a trunk or branch wood, the second one shows 
characters of a root wood. 

The generi c name Grangeonixylon is retained, its diag
nos is fits the Dangu woods well. Grangeonixylon was 
ori ginally establi shed by Pr ive-G ill (1983) fo r the spec ies 
G. apocynorubioides of uncertain (Apocynaceae, Rub i
aceae) affinities (O ligocene transported wood from A llier, 

Root wood from the Ypresian of France 

France); this spec ies differs from the Dangu woods by the 
ray morpho logy. We propose a new spec ies G. dan
guense. The specific name points to the loca li ty of the 
wood samples nea r the Dangu vill age. 

Diagnosis 

Grangeonixylon danguense sp. n. Growth rings 
present, but hardl y v isible. Vessels very small (47-52 [Lm 
for the trunk form) to small (82 ~lm for the root form), 
numerous, exc lusive ly so li tary ; vesse l elements long, 
simple perforation plates, intervascular pits bordered, 
sma ll. Vertica l parenchyma ce lls fair ly abundant (in the 
trunk form) to very abundant (in the root form ), diffuse, 
irregularly distributed or in short aggregates, loca lly 
pa ratrachea l vas icentri c. Rays short, of smal l w idth, 1- to 
4-seri ate (1- to 3-seri ate in trunk form and 2- to 4-seriate in 
root form), heterogeneous I to II. Fibre tracheids not sep
tate of med iu m w idth. 

Holotype: spec imen nO W2 (t runk form ), R. Wyns co l
lection. 

Paratypes: specimens nO W13 and 203A (trunk form) 
and specimen n° W 1 (root form), R. Wyns co ll ection. 

Type locality: Dangu near Gisors (Eure, France). 
Type level: Lower Eocene (Lower Ypresian, top of the 

sparnaciens fac ies). 

Hamamelidaceae 

Liquidambaroxylon Felix 
d. Liquidambaroxylon sp. 
(figure 2) 

Anatomical study. Growth rings: not present. Vessels: 
diffuse porous, angular, so li tary and in rad ial mu ltiples of 
2-4; dens ity 70 vesse ls (100 pores) per 1 mm 2

; tangent ial 
d iameter of so litary pores 36-76 ~lm , mea n 56 ~lm ; rad ial 
d iameter 55-109 [Lm; vesse l elements about 1 000 Llm 
long; latera l p its sca lariform, pit d i mens i ~ ns 
11-37 x 6-8 ~Lm; sca lariform perforation plates, about 
20 bars, observation difficu lt. Fibres: few; generall y pen
tagona l to hexagona l in cross-section, thick-wa lled 
(6-9 ~lm); tangenti al d iameter 12-40 [Lm (enlarged by 
cracking); rad ial diameter 23-39 [Lm; lu men diameter 
15-25 ~lm. Vertica l parenchyma cells: d iffuse, very 
abundant; in the cross-sect ion parenchyma ce ll s, very 
often as big as the vesse ls, const itute with the vesse ls the 
grou nd of the structure, at the expense of the fibres; cel l 
dimensions (tangenti al d iameter x rad ial diameter x 
height) 40-80 ~lm x 40-80 ~lm x 40-400 ~lm (most com
mon value: 170 ~Ul1). Rays: heterogeneous, 2-3 seriate 
(Kribs's type II ), very high; 7-15 per mm hori zonta l tan
gential; mu ltiseri ate bod ies (37-80 [Lm w ide; 4-30 ce ll s, 
max. 1 240 ~Ull high) formed by procumbent and square 
ce ll s, upri ght ce ll s form long uni seri ate extrem ities (max. 
27 ce ll s, 400 ~lm high); sometimes several rays jo in to
gether (up to 3 540 ~lm high). 

Discussion 
Despite the bad preservat ion and compression of the 

structure, th is wood shows a certain number of va luable 
characters: angular pores (figure 2a), sca lariform perfora-
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Figure 2. d. Liquidambaroxylon sp. a: cross-section with vessels 
(V), vertical parenchyma (P), rays (R) and fibres (F). b: one ray in the 
tangential section. 

d. Liquidambaroxylon sp . a : section transversa le avec va isseaux (V ), 
parenchyme verti ca l (Pl, rayons (Rl et fibres (Fl. b : un rayon en 
section tangentielle. 

tions and pitting, mu ltise ri ate heterogeneous rays w ith 
very long uniseri ate extremities formed by upright ce ll s 
(figure 2b), abundant ax ial parenchyma and not numerous 
thi ck-wa ll ed fibres (figure 2a) . 

These characters, according to Kceniguer (1981), allow 
to place thi s wood to the prox imity of the Hamameli
daceae family. Kceniguer (198 1) ass igned it c lose to the 

Version abregee 

Introduction 

Le gisement de Dangu, sirue dans Ie bassin de Paris, pres de 
Gisors, livre dans une rourbe lignireuse une grande quantire de 

bois silicifies appartenant aux Gymnospermes er aux Angios

permes (Kceniguer, 1981). eer article resume les principaux 

recent genera Altingia, Bucklandia, Rhodoleia and Liq
uidambar, perhaps Sycops is. We found simil ariti es w ith 
the fossil hamamelidaceous woods of Liquidambaroxylon 
Feli x (1884) or Hamamelidoxylon Lignier (1907). A re
semblance to a fossil wood of the Nyssaceae fam il y 
(Madel , 1959) must be also mentioned . 

However, all the compared foss il woods (Liquidambar
oxylon, Hamamelidoxylon, and espec ially Nyssoxylon 
Madel, 1959) show a parenchyma not abundant, rather 
rare and exceptionall y not present. In ou r wood the paren
chyma ce ll s are very abundant, nearly as large as the pores 
and constitu te w ith the vesse ls the ground wood tissue (see 
figure 2a) . 

We propose two possible exp lanations. 
App lying the same way of reasoning as in the previous 

discussion, our wood is a piece of a root wood - the 
abundance of the parenchyma at the expense of the fibres 
is linked to the nature of the root where the stocki ng 
(number increas ing of the parenchyma ce ll s) and cond uc
tion are privileged to the support (number decreasing of 
the fibres) taken over rather by the trunk. This proposition 
matches we ll the fact that the Dangu wood was found 
inc luded in a foss il peat w hich is, itself, composed of 
numerous roots (Kceniguer, 1981) . 

Otherwi se, our spec imen could represent an extinct 
type, c lose to the two families mentioned above, a type not 
yet known by its wood . The genus wh ich we have to 
consider first is Steinhauera, estab li shed by Presl (see Ma i, 
1968) on the basis of reproductive structures. Steinhauera, 
on one hand, shows affinities to the recent genera Altingia 
and Liquidambar, on the other hand it is considered as a 
' notorious' element in the palaeotropica l Eocene Euro
pean fl oras w ith a vast distribution from England to Ru ss ia 
(M ai, 1968). Therefore, Steinhauera should explain our 
problem, but because of the extraordinary abundance of 
parenchyma in the fossil , we prefer the first hypothes is. 

4. Conclusions 

Vari ati ons in foss il wood structure have been consid
ered here as due to the loca li sat ion of the specimens in the 
trees: trunk, branch, root. Thi s way of reason ing, based on 
the knowledge of recent structures, is in opposition to the 
artific ial sp li tt ing of foss il taxa in pa laeoxy lo logy, w hich 
wou ld result from a taxonomic interpretation of these 
vari ations. It therefore proposes a more natu ral pa laeobo
tani ca l v iew taking into account the intra-specific and 
individual va ri ability. 

resulrars du memoire de DEA presente en 1998 par I'un des 
auteurs 0.5.) et rente d'appliquer it I'etude des bois fossiles ce 
que I'on sa it de la va riabilite entre Ie bo is de tronc et celui de 
racine. 
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Cadre geologique 

Les fossiles, associes a des vestiges de tourbe lign iteuse, se 

rencontrent dans des sables passant a des poudingues Ii galets 
avellanaires. II s'agit vraisemblablement d'une formation resi
duelle p rovenant crun niveau terminal demantele de I'Ypresien 

inferieur, que r on peut considerer comme etant Ie sommet des 
facies " sparnaciens " (Kuntz et aI. , 1976). 

Partie systematique 

Cinq essences differentes de Dicotyledones. appartenant 
probablement aux famili es des Combretaceae, des Caesa lpinia
ceae ou Mimosaceae, des Rubiaceae et des Hamamelidaceae 
ont ete reconnues. 

Trois types de bois posent des questions interessantes du 

po int de vue de leur loca lisation dans les arbres. 
Deux formes de bois sont decrites et presentent les ca rac

teres suivants : va isseaux petits, solitaires, perforations simples, 

parenchyme apotrachea l diffus ou en courts agregats tangen
tiels, loca lement \·asicentrique. rayons heterocellulaires 

1-4 series et fibres non septees. Elles ont des affinites probables 
avec les Rubiaceae. O n peut distinguer deux formes: Ie bo is de 

tronc et Ie bo is de racine, car les va riations observees entre 

certains des specimens (abondance du parenchyme, taille et 
frequence des vaisseaux , largeur des rayons) sont du meme 

ordre que celles reconnues entre les bois de tronc et de racine 

de nombreuses especes actuelles (Felix, 1884 ; Schweingruber. 

1978; Metcalfe and Chalk, 1983 ; Cutler et aI. , 1987 ; Macha\ do 
et aI. , 1997). Les specimens ont ete attribues au genre fossile 
Cral1geo l1ixvloll ( Prive-Gill. 1983) et denommes C. dallg llel1se 
sp. n. (fig llre 7) , d'apres Ie nom de la loca lite Oll ont ete 

decouverts les fossiles. pres du vi llage de Dangu. 
Le dernier bo is (fig llre 2) presente de petits vaisseaux 

solitaires , di/hIS, anguleux, a perforations et ponctuations sca-

Root wood from the Ypresian of France 

lariformes, du parenchyme di/hls tres abondant et des rayons 
nellement heterocellulaires, 2- 3 series. Ces ca racteres Ie rap
prochent des Hamamelidaceae et notamment d'Alling ia, Bue
kla11 dia, Rhodoleia, Liquidambar (Ka:niguer, 1981) et Syeop
sis. Une comparaison avec Liquidambaroxylo17, 
Hamamelidoxylol1 et Nyssoxylol1 monll'e, cependant , que Ie 
specimen de Oangu se distingue par I'abondance extreme du 

parenchyme. II est denomme cf. Liqllidambaroxylon sp. Une 

premiere hypothese consiste Ii considerer ce bois comme un 
fragment de racine. L'abondance du parenchyme aux de pens 
des fibres est liee ~1 la nature et a la fonction de la racine ou la 

mise en reserve (parenchyme) et la conduction sont privile

giees par rapport au soutien ( fibres) assure par Ie bois de trone. 
Une seconde possibilite est de considerer Ie bois de Oangu 
com me un type eteint, Sieinhauera Presl (voir Mai. 1968) , 

voisin des Hamamelidaceae. non encore connu par Ie bois. 
mais seulement par ses structures reproductrices . Sleil1bauera. 
connu de l'Angleterre a la Russie, est un element des fl ores 
paleotropica les eocenes. 

Nous preferons la premiere hypothese, du fa it que Ie 

parenchyme est tres developpe et que Ie bo is de Dangu se 
trouvait inelus dans la tolll'be foss ile. elle-meme comportant de 

nombreuses racines (Ka:niguer. 1981). 

Conclusions 

Des va riations de structures ligneuses fossiles ont ete consi

derees comme etant en relation avec la loca lisation des bois 

dans I'arbre: tronc. branche, racine. Celie demarche, qui 
s'appuie sur I'observation des structures actuelles, devrait 

limiter la multiplica tion artifi cielle des taxons fossiles en pa
leoxylologie, resultant d 'une interpretation taxinomique de ces 

variations. Elle propose en cela une vision plus naturelle de la 

paleobotanique, prenant en compte la variabili te intra
specifique et individuelle. 

Acknowledgements. We ore grateful to J . and. M. Duperon and Z. Kvacek for helpful discussions and useful comments, to 
G . Boraie for reviewing the manuscript and to B. Sevcik ova for her support. 

5. References 

Cutler D.F. , Rudall P.J., Gasson P.E. and Ga le R.M.O. 1987. Root 
Identifica tion Manual of Trees and Shrubs, Chapman and Hall, Lon
don, 245 p. 

Fel ix J. 1884. Die Ho lzopale Ungarns in pa laeophyto logischer 
Hinsicht, Mitt. Jb. K. ung. geol. Anst. , 7, 1-44 

Kceniguer J.-c. 1981 . Tourbes ligneuses sili c ifiees dans Ie Cuisien 
du bassin de Pari s, C. R. 706e Congres nat. Soc. sav., Perp ignan, 
198 1, sci ., 1, 41 -53 

Kuntz G. , Wyns R., Lautridou J.-P., Panel R. , Bourneri as M. , Laver
gne D. and Verron G. 1976. Carte geologique de la France a 
1/50 000, feuille Gisors, 125 

Lignier O . 1907. Vegetaux fossil es de Normandie. IV. Bois divers 
( 1 ~,e seri e) , M em. Soc. linn . Normandie, 22 , 237-333 

M acha\do S. R., Angyalossy-A lfonso V., de Morretes B.L. 1997 . 
Comparati ve wood anatomy of root and stem in Styrax camporum 
(styracaeae), IAWA Bulletin, 18 (1), 13- 25 

M adel E. 1959. Ein foss iles Nyssa-Holz aus Japan, Nyssoxylon 
japonicum n. g., n. sp ., Senek. leth ., 40, 211 -222 

M ai D. H . 1968. Zwei ausgestorbene Gattungen im Tertiar Euro
pas und ihre florengeschicht liche Bedeutung, Palaeontographica B, 
123(1-6), 184-199 

M etca lfe C. R. and Chalk L. 1983. Anatomy of the Dicotyledons, 
Clarendon Press, 2 vo l. , Oxford , 276 + 297 p. 

Pri ve-G ill C. 1983. Sur deux bois fossi les du Tertiaire du Bass in 
parisien et de Limagne : Myrtoidoxylon noldeae Gottwald et Gran
geonixylon apocynorubioides n. gen. et sp. , C. R. 707'" Congres nat. 
Soc. sav., Brest, 1982 , Sc i. , 1, 109- 126 

saka la J. 1998 . Etude des bois silic ifies du gisement de Dangu 
(Ypres ien de la region de Gisors). Systematique, fossili sation et pa
leoenvironnement, DEA, M aster 's thesis, Universite Pari s-6 et Un i
versite Montpell ier- II , 48 p. 

schweingrUber F.R. 1978. Mikroskopische Holzanatomie, Ei
dgenbssische Forschungsanstalt fUr Wald, Schnee und Landschaft, 
Birmensdorf, 226 p. 

ter Steege H., ter Welle B.J .H. , Laming P.B. 1997 . The possib le 
funct ion of buttresses in Caryocar nuciferum (Caryocaraceae) in 
Guyana: eco logical and wood anatom ica l observations, IAWA Bulle
tin, 18 (4), 415-431 

C. R. Acad. Sci. Paris, Sciences de la terre et des planetes / Earth & Planetary Sciences 
1999.328. 553-557 

557 


	rade01-1
	rade01-2
	rade01-3
	rade01-4
	rade01-5

