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This is the first documentation of scaled chrysophytes of Tertiary age. Siliceous scales belonging to four
genera (Synura, Mallomonas, Chrysosphaerella, and Spiniferomonas) are preserved in middle Eocene (;47
Ma) lacustrine mudstones deposited in a posteruptive crater associated with kimberlite intrusion near Lac de
Gras, Northwest Territories, Canada. Astonishingly, most of these microfossils have remarkable morpholog-
ical affinities with extant congeneric taxa, indicating that the unique siliceous ornamentation of the scaled
chrysophytes, including scales, spines, and bristles, was fully evolved by the middle Eocene. These observations
imply that the scaled chrysophytes experienced prolonged intervals of relative evolutionary stasis during
Neogene and Quaternary times and thus provide a new evolutionary milepost for this algal group.
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Introduction

Members of the golden-brown algal classes Synurophyceae
and Chrysophyceae that bear siliceous scales, collectively re-
ferred to as the scaled chrysophytes, are important compo-
nents of freshwater phytoplankton globally (Nicholls and
Wujek 2003; Siver 2003) and valuable paleoecological indi-
cators in recent lake sediments (Smol 1995; Wolfe and Perren
2001; Siver et al. 2003). However, to date, the fossil record
of scaled chrysophytes extends no further than a few thou-
sand years (Whitehead et al. 1989), leaving the ontogeny of
this algal lineage largely unconstrained.
All members of the Synurophyceae and Chrysophyceae

produce an endogenous siliceous resting stage, or stomato-
cyst, that represents a perennation strategy for the organism
(Sandgren 1988; Siver 2003). Scaled chrysophytes also pro-
duce an external sheathing composed of numerous small (of-
ten <10 mm) imbricated silica plates called scales, which are
uniquely ornamented according to species. Scales of some
species are quite simple, composed solely of a flat base plate
with an upturned posterior rim (Siver 1991; Kristiansen
2002). More complicated scale designs may additionally pos-
sess V-ribs, domes, and secondary structures such as papillae,
ribs, and spines. All but a few Mallomonas species produce
a third species-specific siliceous structure known as the bris-
tle, which is a long rodlike structure that attaches under the
anterior portion of individual scales, most often under the
dome (Siver 1991). The end of the bristle tucked under the
scale is typically flattened and recurvate, by anywhere from
30� to 90�, relative to the shaft.

Molecular phylogenies imply that scales in the Synurophy-
ceae and Chrysophyceae evolved independently (Andersen
et al. 1999) and support the current use of scale ultrastruc-
ture to resolve genus- and species-level relationships in these
groups (Lavau et al. 1997; Siver 2003). Unfortunately, the
fossil record has been of little assistance in testing these con-
cepts. Putative stomatocysts have been recovered from ma-
rine sediments as old as lower Cretaceous (Aptian-Albian),
possibly indicating that biosilicification within chrysophyte
algae originated in the Mesozoic (Harwood and Gersonde
1990). Although Neogene lacustrine sediments commonly
contain abundant and definitive stomatocysts (Williams
1985; Zeeb et al. 1996), scales and bristles of Tertiary age
have not yet been conclusively reported. Here we report
scaled chrysophyte microfossils of middle Eocene age that (1)
place a new constraint on the origin of this algal group and
(2) imply that little evolutionary innovation has occurred
within these algae since the Paleogene.

Material and Methods

This investigation is based on two samples of lacustrine
mudstone taken at depths of 95.6 m and 127.6 m from
a 163-m-long drill core obtained at the Giraffe Pipe kimber-
lite location in the Lac de Gras field, Northwest Territories,
Canada (64�44N, 109�45W). At this locality, 58 m of lacus-
trine sediment infill a posteruptive crater formed during ex-
plosive kimberlite emplacement. The model Rb-Sr age of
emplacement is 47:8 6 1:4 Ma, based on results from kimber-
litic phlogopite (Creaser et al. 2003). Pollen assemblages
from the lacustrine facies (i.e., Pistillipollenites, Platycarya,
Metasequoia, Glyptostrobus, Quercoidites, and Alnus) con-
firm a middle Eocene age and indicate that subaqueous sedi-
ment accumulation began shortly after kimberlite intrusion
(Hamblin et al. 2003).
Samples were processed by oxidation in 30% H2O2, fol-

lowed by repeated centrifugation and rinsing. Multiple
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aliquots from each cleaned slurry were air dried onto pieces of
heavy-duty aluminum foil. The aluminum foil samples were
trimmed, attached to aluminum stubs with Apiezon wax,
coated with a mixture of gold and palladium for 1 min with
a Polaron Model E sputter-coater, and observed with a Leo
982 field emission scanning electron microscope at 4 kV.

Results and Discussion

We observed exquisitely preserved microfossils of 11 dis-
tinct scaled chrysophytes in the two samples of Giraffe Pipe
lacustrine sediment (figs. 1, 2). We found specimens belonging
to Mallomonas (two taxa), Synura (one), Chrysosphaerella
(one), and Spiniferomonas (two) (the most common extant
photosynthetic scaled chrysophyte genera) in the sample
from 127.6 m and scales of five Mallomonas species amid
abundant bristles at 95.6 m. No bristles were observed in the
sample from 127.6 m.
The scales and bristles provide outstanding examples of

both simple and elaborate morphologies, all of which can be
unambiguously attributed to scaled chrysophytes and thus

represent the oldest fossil record of this group to date. Some
of the microfossils (fig. 2F) represent new taxa that will be
formally described elsewhere. Other species are strikingly
similar to, or only slightly modified from, contemporary taxa
(figs. 1, 2A–2E). For example, the primary morphological
features of modern Synura uvella (fig. 1C) and Mallomonas
insignis (fig. 1D) scales are clearly observed on middle Eo-
cene counterparts (fig. 1A, 1B). Although the bristle types
observed at 95.6 m also have features common to contempo-
rary species, including long shafts and flattened and angled
proximal ends (fig. 2G–2J), these are not identical to modern
forms, implying that bristle morphology may have evolved
more than scales since the Eocene. Scales of the bristleless
and domeless M. insignis, along with other domeless scales
representative of this genus, were abundant in the sample
from 127.6 m, supporting the contention that the absence of
a dome is a primitive state (Lavau et al. 1997).
None of the scaled chrysophytes found at 127.6 m was

present at 95.6 m, supporting the hypothesis that the two
samples represent markedly different habitats. On the basis
of current ecological knowledge of the scaled chrysophytes
(Siver 2003), the paleoenvironment of the Giraffe Pipe crater

Fig. 1 Morphological similarities between middle Eocene scaled chrysophytes from Giraffe Pipe sediments (A, B) and modern representatives
(from eastern North American lakes) of the species Synura uvella (C) and Mallomonas insignis (D). Scale bars ¼ 1 mm.
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Fig. 2 Additional scaled chrysophyte microfossils observed in middle Eocene lake sediments from the Giraffe Pipe representing the genera as

follows: A, Synura; B, C, Chrysosphaerella; D–F, Mallomonas; G–J, bristles of Mallomonas. A, Exquisite preservation of striations and apical
teeth on a Synura spine. Scale bar ¼ 1 mm. Spined (B; arrows) and base plate (C) scales of Chrysosphaerella that bear close affinity to the modern

species Chrysosphaerella brevispina. Scale bars ¼ 2 mm (B) and 1 mm (C). A domed scale of a Mallomonas taxon with striking similarities to

modern Mallomonas lelymene (D), a scale believed to represent Mallomonas pseudocratis (E), and a domeless scale from an indeterminate

Mallomonas species (F). Scale bars ¼ 2 mm (D–F). Remains of Mallomonas bristles (G–J) illustrating whole shafts (H, I) and flattened proximal
ends (G, J). Scale bars ¼ 10 mm (H, I), 2 mm (G), and 1 mm (J).



is likely to have progressed from a soft-water lake to a shal-
low bog, which is entirely consistent with the sedimentology
of the core (Hamblin et al. 2003). We stress that more de-
tailed stratigraphic observations of scaled chrysophytes in
this deposit may refine our understanding of Eocene lacus-
trine environments.
We conclude that diversified communities of scaled chryso-

phytes were well established by the middle Eocene in western
North America. Many elements of these relatively ancient as-
semblages have remarkable morphological similarities with
extant taxa. These observations extend the fossil record of
scaled chrysophytes by several tens of millions of years, not
only suggesting an origin long predating the Eocene but also

implying considerable evolutionary stasis over the last ca.
47 Ma.
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