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INTRODUCTION
Of the myriad of questions related to global
climate change that have been posed, perhaps
the most interesting is what will be the effects of
a forested and ice free tundra on global climate?
Given that the tundra is now devoid of forests
it is difficult to predict accurately what these
impending changes might be. The plant fossil
record however, offers hope and may help to
provide insight into the complexities of how
pre ice-age arctic ecosystems functioned with
respect to the global carbon budget and whether
changes in Arctic terrestrial plant communities
fueled global cooling through the late Tertiary.
Throughout the early Tertiary (ca. 65-38 Ma)
Taxodiaceae-dominated (redwood) wetland
forests occupied the high latitudes and were
circumpolar in their distribution (LePage et
al. 2005). Some of these forests were of a
high biomass, moderately productive, and
characteristic of modern cool-temperate
forests (Williams et al. 2003). Clearly climate
in the polar-regions was favorable for forest
growth and the early Tertiary arctic forests
probably represent the maximum forest biomass
achievable near the poles.
At the Eocene/Oligocene boundary (ca. 38
Ma) a major climatic cooling event called
the Terminal Eocene Event (Fig. 1; TEE)
occurred, signaling the turning point from a
greenhouse to an icehouse earth and forcing a
major shift in the composition of high-latitude

vegetation. Wolfe (1994) reported that 25-40%
of the genera that grew in Europe, western
North America, and Alaska during the Eocene
became extinct following the TEE. In Alaska
(paleolatitude of 60°N) the MAT dropped from
ca. 11° to 4° C between 12 and 13 Ma with
concomitant changes in the vegetation (Wolfe
1997).

Figure 1. Inferred mean annual temperatures (MAT)
of different regions in the Northern Hemisphere based
on leaf margin analysis. Redrawn and modified from
Wolfe (1978).

The forest communities that developed in
the wake of these cooling events during the
Pliocene were not unlike the present day subarctic forests growing at lower latitudes today.
Given the considerable cooling trend during the
last 55 Ma, detailed study of the forested highlatitude regions of the Northern Hemisphere
offers an innovative approach to examine
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relationships and complex feedbacks between
vegetation, climate and geology prior to, during,
and after the TEE.

GEOLOGIC SETTING

PROJECT OBJECTIVES

The Miocene sediments are assigned to the
Ballast Brook Formation (Fyles et al. 1994) and
consist of a 40 m thick sequence of flat lying
sandy and silty-clayey strata and a prominent
fossil-rich peat bed that is laterally contiguous
for a distance of about 15 km (Fig. 3). The
Ballast Brook Formation sediments accumulated
on the valley floor of a meandering river
system and include overbank, backswamp, and
floodplain-pond facies. In one location the
surface of the peat layer has been exposed on a
ca. 0.5 ha flat plateau to reveal stumps in growth
position (Fig. 4), thus, making it an ideal site to
map the spatial structure of the Miocene forest.
Study of the early and late Miocene floras is
of considerable importance because of a drop
in temperature that occurred in the late-middle
Miocene (ca. 12-13 Ma). This drop, albeit
smaller than that seen at the Eocene-Oligocene
boundary (Fig. 1), may correspond with the shift
from Metasequoia to Larix/Picea-dominated
swamps and floodplain forests.

The Canada Keck 2005 project was designed
to examine two exceptionally well-preserved
high-latitude Miocene and Pliocene fossil forest
deposits from Banks Island, NT Canada (Fig. 2).
Our objectives were to use field measurements
of in situ fossil stumps and logs preserved
at each site to determine the magnitude and
trajectory of change in forest structure and
composition following a period of climatic
cooling at the Miocene/Pliocene boundary.

Figure 2. Map of Banks Island,
NT Canada. Solid square denotes
the location the Ballast Brook
study site.

Miocene Sediments

Figure 3. Typical exposure of Miocene Ballast Brook
and Pliocene Beaufort Formation. Dark layer is the
Miocene peat layer ca. 2.5 m thick.

[INSERT FIGURE 4 HERE]
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Figure 4. Ballast Brook Formation in situ stump layer at Ballast Brook.

Pliocene Sediments

STUDENT PROJECTS

Pliocene age deposits occur on northwestern
Banks Island as unconsolidated sediments
assigned to the Beaufort Formation. At
Ballast Brook, the Beaufort Formation rest
unconformable atop the Miocene Ballast Brook
Formation (Fig. 3). The Beaufort Formation
at Ballast Brook consists of unlithified, flat
lying quartz-rich sands and gravels that are
interbedded with silt that contains abundant
unaltered wood. These deposits contain in situ
and isolated stumps and logs (Fig. 5). The wood
is exceptionally well preserved. The fossil
floras from these localities seem to indicate a
transition to boreal forests dominated by Larix
and Picea. The Pliocene forest deposits often
occur in lateral peat beds, with stumps and
uncompressed logs occurring in what have been
interpreted as very open forest with interspersed
tundra (Hills & Matthews 1974). Study of the
Pliocene floras at Ballast Brook is important
because they are indicative of a coniferous
forest more similar to those presently growing
in sub-arctic regions than the coniferous forests
that existed during deposition of the middle
Miocene strata at Ballast Brook.

We occupied our field camp from July 5th to
July 27th. We divided our field time between
the study of Miocene and Pliocene deposits.
Participants worked as a team in all aspects
of the fieldwork. Individual student projects
with a specific focus were identified to address
questions that arose during our fieldwork. The
student projects are briefly summarized below
and explained in detail in the extended abstracts
that follow.

Figure 5. Fully exposed fossil tree with intact root
crown from the Beaufort Formation at Ballast Brook.
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Wesley Court, Franklin and Marshall College,
conducted a detailed study of fossil seed
cones recovered from the Miocene forest
peat layer and the wood rich deposits in the
Pliocene sediments. He described fossil cone
morphology and assigned a taxonomic identity
to these fossils providing important information
about the composition and paleoecology of the
forest canopy in both deposits. Among other
things, his work describes the first occurrence
of ovuliferous cones of a soft pine species from
arctic Miocene sediments.
Emily Mendell, Whitman College, collected
and analyzed fossil wood from the Beaufort and
Ballast Brook Formations. She analyzed fossil
wood growth rates and wood anatomy in thinsection in order to understand the rates at which
different taxa in the paleoforests grew. Her
work provides a critical link between changes in
carbon sequestration and forest composition and
is a key piece of the forest reconstruction.
Jennifer Murphy, Lawrence University
measured and mapped the morphology of
the wood-rich debris lenses (WDL) that are
important features of the Beaufort Formation.
She analyzed WDL of differing depositional
styles to understand key fluvial processes at
play in the Beaufort Formation. Jenny also
conducted a study of WDL fossil wood to
relate wood taxonomy, growth rates and fluvial
transport distance in an attempt to discern
differences in upland versus floodplain tree
growth in the Pliocene.

PROJECT RESULTS
Our fieldwork at Ballast Brook provided new
insight into changes that occurred in the polar
forest ecosystems coincident with a general
cooling trend from the middle Miocene to the
Pliocene. I will briefly highlight these finding
and I direct the reader to individual student
papers for more detailed observations.

Miocene Forest Paleoecology
Our detailed analysis of the Ballast Brook
formation peat layer provided a wealth of new
information regarding the composition and
structure of the Miocene lowland forests. The
team mapped in detail approximately 0.5 ha
of in situ fossil forest, measured ca. 80 fossil
stumps and ca. 30 logs. Based on previous
studies (Fyles et al. 1994) we expected to find
a lowland forest dominated by redwoods and
spruce. However, early in our fieldwork it
became clear based on abundant fossils and
crude thin-sections prepared in the field that
Pinus was an important constituent of the
forests.
We developed empirical relationships based on
fossil tree morphology to predict tree height
based on stump size. Our analysis revealed a
forest with a maximum height of around 22 m.
On average trees were 30 cm in diameter but
ranged from a maximum of 60 cm to a minimum
of 6 cm. Based on wood identification by Emily
Mendell, it appears likely that the largest, fastest
growing trees in the forest were pines whereas
the slower growing and smaller trees were
redwoods. Interestingly, the fossil pine cones
recovered by Wes Court from the peat layer
indicate two different types of pines growing
in the back swamp areas along with the spruces
and redwoods. There is no known modern
analog for a swamp forest of this taxonomic
composition.
In geologically older polar swamp forests
redwoods dominated over the pines and spruce
(Williams et al. 2003). Based on our new data
it appears that a major restructuring of forest
composition had occurred by the mid-Miocene.
Estimation of fossil forest biomass suggests
that these forests had moderate biomass and
productivity that was slightly higher than the
modern day boreal forest but comparable to
mid-latitude cold-temperate forests.
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Pliocene Forest Paleoecology
Based on previous studies (Hills & Matthews
1974) we expected to find Pliocene vegetation
to be of a small stature, reminiscent of present
day taiga or forests growing near the latitudinal
tree line. However, measurements of fossil trees
in the Beaufort Formation indicate an average
diameter of 21 cm and an average tree height of
12.3 m. Stem dimensional analysis indicated
that the diameter height relationships of the
fossil trees is nearly identical to modern boreal
forest trees growing at 68° N in the Mackenzie
River delta (C. Williams, unpublished data).
Thus, the Pliocene polar trees in this region
were substantially larger than modern taiga
vegetation and structurally similar to modern
boreal forest.
Nevertheless, the Pliocene forest was of a
smaller stature than the Miocene forest and
was also growing at a slower rate. We did
recover several exceptionally small spruce trees
from the Beaufort Formation that exhibited
contorted stems which others have interpreted
as “krumholtz” taiga spruce. However, based
on the relatively large trees found in the
same deposits and the paleohydrology work
of Jennifer Murphy we suggest this stem
morphology is more consistent with trees
growing on unstable stream banks or ephemeral
mid-channel bars.
The Pliocene forests were also compositionally
different from their older Miocene counterparts.
It appears that Pinus became nearly extinct
locally and forest vegetation was dominated
by Picea and Larix. We found no evidence for
redwoods of any kind in the Beaufort Formation
sediments.

CONCLUSIONS
Taken together, the results of our field and
lab work on both Miocene and Pliocene highlatitude floras indicate a distinct trajectory of

change in high-latitude forest composition,
structure and growth rates. A shift towards
spruce and larch and away from redwoods and
pines occurred following the mid-Miocene
cooling. Forest growth, and as a consequence
carbon cycling, declined in concert with
the aforementioned compositional changes;
although not to the extent that we had
anticipated. It seems likely that the wholesale
changes in forest composition and coincident
changes in forest carbon cycling are linked
together and provide an important feedback on
high-latitude climate.
One of our most intriguing findings is that, to
first order, the mid-Pliocene forest composition
and structure at 74°N is nearly identical to that
of modern boreal forest growing at 68°N in
the Mackenzie River delta. Further study may
reveal the underlying mechanisms that regulated
Pliocene polar forest structure. This would
prove useful for understanding how present day
boreal forest ecosystem processes may operate
at even higher latitudes under a globally warmer
climate.
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