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TABLE 5. Secretory cell types of Zone I angiosperms.
Systematic
Distribution, Systematic Distribution,
Location Description Zone 1 Modern Flora
1. Lower round-subangular in sur- Eucalyptophyllum Laurales: Calycanthaceae
epidermis face view, outer cuticle Dispersed Cuticle #5 Chloranthaceae
smooth Dispersed Cuticle #6 Iliciales: Illiciaceae
Schisandraceae
2. Lower strongly angular in surface  Eucalyptophyllum Magnoliales:  Annonaceae?
epidermis view, outer cuticle with DBLT #I Eupomatiaceae
radiating striations Dispersed Cuticle #6 Laurales: Austrobaileyaceae
Chloranthaceae
Gomortegaceae
Monimiaceae
Trimeniaceae
INiciales: Illiciaceae
Schisandraceae
Piperales: Saururaceae
3. Mesophyll spherical, with thin walls Celastrophyllum sp. Magnoliales:  all families
and dark contents cf. C. obovatum Laurales: most families
cf. Ficophyllum Illiciales: both families
Piperales: both families

Aristolochiales: single family

(1974). Psilate (or smooth) sculpture occurs in
several different cuticle types. Papillate (or
knobbed) sculpture is present in several dis-
persed cuticle types and commonly the papillae
are partially solid, as in Dispersed Cuticle #3
(Fig. 11). Finally, striate (or ridged) sculpture is
present in many Zone I groups; this is organized
into two distinct patterns. The first, found in both
DBLT #1 and Dispersed Cuticle #3, consists of
striations which traverse cell boundaries and dis-
play two orientations near the stomata: some
striations are oriented concentric to the stomatal
pore while others either have a random arrange-
ment or radiate from the stomata (Fig. 25). This
condition is characteristic of many extant prim-
itive dicot groups, including Illiciales, many
Laurales (Fig. 26), and at least some Piperales
(Saururaceae, Upchurch, unpubl. data). The sec-
ond, found only in Eucalyptophyllum, consists
of two distinct size-classes of striations that dis-
play markedly different behavior: the smaller ones
traverse cell boundaries and radiate from the sto-
mata, while the larger ones are confined to one
cell each and enclose polygonal areas that mimic
the shape of the underlying cell (Fig. 7). To date
this pattern has not been observed in any extant
group of angiosperms, but individual elements
occur in scattered families, including Chloran-
thaceae (Upchurch, unpubl. data).

SUBZONE I1I-B ANGIOSPERM LEAVES

Subzone I1-B angiosperm leaves show a much
greater diversity of leaf architectural features than
Zone 1 forms, but still less than in Late Creta-
ceous and modern flowering plants. Unlike Zone
I angiosperms, Subzone II-B leaves include both
simple and compound forms and possess several
new types of primary venation. Populophyllum
has actinodromous primary venation, with pri-
maries that all radiate from a single point (Fig.
35). The “‘platanoids™ are palinactinodromous,
with primary veins that all diverge from different
points (e.g., Fig. 31), and Menispermites poto-
macensis is acrodromous, with lateral primaries
that curve towards the apex (Hickey & Doyle,
1977). Secondary venation is also more diverse,
with both festooned brochidodromous and sev-
eral new types present. At least some of the “pla-
tanoids” possess simple brochidodromous sec-
ondary venation, with secondary veins that form
only one order of loops (cf. Hickey & Doyle,
1977, Upchurch, unpubl. data). Some Sapin-
dopsis leaflets have eucamptodromous second-
ary venation, with secondaries that gradually thin
towards the apex and do not join with the su-
praadjacent secondary veins (Fig. 28), while oth-
ers possess mixed craspedodromous secondary
venation, with a mixture of craspedodromous
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TABLE 8. Stomatal patterns of Sapindopsis and selected Rosidae.

Rhamnaceae
Sapindaceae Cunoniaceae Extant Rosaceae
Taxon Sapindopsis Allophylus Weinmannia Members Quillaja

Number of contact cells 4-8 4-6(-7) 4-5 4-6 5-6(=7)
Number of lateral contact 2-5 2-4(-5) 2-4 2-3,2-4 3-5

cells (LCCs)
Specialized LCCs in always always always always always

every stoma?
Specialized LCCs for always always always always always

each GC?
LCCs specialized length almost always  almost always almost always always always

of stoma?
Number of polar contact 2-3 2-3 2-3 2-3 2-3

cells
PCCs specialized in each  sometimes sometimes sometimes sometimes sometimes

stoma?
PCCs specialized at both  sometimes sometimes sometimes sometimes never

poles?
Other specialized cells? sometimes sometimes sometimes never sometimes
Position lateral lateral lateral — lateral
Number of variable fea-  6(-7) 6(-7) 7 S 5

tures
Stomatal types® P, Lc, and P, Lc, and P, Lc, and P, Lc, and Lc and transi-

weakly C weakly C weakly C weakly C tional to C

s Key: P = paracytic; Lc = laterocytic; C = cyclocytic.

semble Laurales (including Chloranthaceae) and
Illiciales, but cannot be assigned to a single fam-
ily. Two leaf groups and one dispersed cuticle
type deserve special mention. The first, Drewrys
Bluff Leaf Type #1 (Figs. 1, 4, 25), is similar to
Chloranthaceae. The combination of stomata
longer than 30 um, striations that run concentric
to the stomatal pore, and radiostriate epidermal
secretory cells is found only in some Laurales
and Illiciales. The “hair bases” of DBLT #1 to-
day occur in many angiosperm families, but in
Magnoliidae have been observed only in Illici-
aceae and Chloranthaceae. Finally, the Zone I
pattern of variation in subsidiary cell arrange-
ment is known only from Amborellaceae and
certain Chloranthaceae, while other Chlorantha-
ceae and Schisandraceae differ in only two to
three features (Tables 1, 4). These similarities,
along with the Chloranthoid teeth, strongly sug-
gest affinities with the family Chloranthaceae;
however, simple craspedodromous secondary
venation is absent from the family (Hickey &
Wolfe, 1975; Upchurch, unpubl. data). Hence,
DBLT #1 may belong to a group that includes
the ancestor of modern Chloranthaceae but rep-
resents an extinct taxon within the alliance.

The second leaf group, Eucalyptophyllum ob-
longifolium (Figs. 3, 7, 9, 10, 19), most closely
resembles Chloranthaceae and Illiciales but has
a number of features unknown from either group.
This taxon has always been difficult to place sys-
tematically because its combination of venation-
al features is unknown in extant angiosperms
(Wolfe et al., 1975; Hickey & Doyle, 1977). Cu-
ticular anatomy, however, clearly indicates an-
giospermous affinities because Eucalyptophyl-
lum possesses the same stomatal features, “hair
base” type, and epidermal secretory cell types as
other Zone I and certain extant flowering plants.
In fact, this combination of features today is re-
stricted to Chloranthaceae, and Illiciales differ
only in their less variable stomatal complexes.
In spite of these similarities, however, the fossil
differs from both modern taxa in its elongate
sunken stomata, truncate stomatal poles, pattern
of striations, and distinctive leaf architecture.
Hence, Eucalyptophyllum probably represents
an extinct group of at least ordinal rank (cf. Hick-
ey & Doyle, 1977) that is related in some way
to Chloranthaceae and Illiciales.

The third group, Dispersed Cuticle #3 (Figs.
11, 12, 21), most strongly resembles extant Illici-























