Handout for field trip "Permafrost-affected Landscapes"

National Park Service Centennial Science and Stewardship Symposium, 1-5 PM 21 October 2016

Dave Swanson, NPS, Fairbanks, david_k_swanson@nps.gov

Overview of the field trips stops

Fairbanks area monthly normal temperatures (°C), 1981-2010 (National Weather Service data: Arguez

et al. 2010).
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Winter and annual average air temperatures in the Fairbanks area increase with elevation, at least up to

about 1000 ft. Mean annual ground temperatures here are usually about 1°C to 3°C warmer than the

mean annual air temperatures (which are about -2°C), so permafrost is discontinuous around Fairbanks,

and where permafrost is present its mean annual temperature is typically between 0°C and -1°C.




History of Fairbanks mean annual air temperatures (MAAT). Major warming events occurred in the
mid-1970s and the past two years. If the MAAT remains at 0°C, most permafrost in the area will begin to
thaw. Computed using monthly mean temperatures from xmACIS (NOAA 2016).

Two-Year Running Mean Annual Average Air Temperature, °C
Fairbanks International Airport
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Stop 1. Creamer's Field boreal forest trail. Permafrost was originally widespread in the flat, alluvial plain
terrain of Fairbanks proper, but it has thawed after clearing and development. See the schematic
diagram of alluvial plain vegetation and permafrost below. A data compilation by Péwé and Bell in the
1970s showed permafrost to be 7-12 m below the surface in most cleared areas of downtown Fairbanks
The Creamer's agricultural fields have been cleared and farmed since about 1910. The fields are smooth,
indicating little ground ice was present. A core drilled near the Creamer's Field farmhouse parking lot
showed river sand and gravel (under the loamy surface layer), frozen from 12 to 46 m (Péwé and Bell
1975). In many parts of downtown the permafrost was thinner than this, but still widespread. The
ground ice was mostly in pores within the sand and gravel, and caused very little subsidence when it
thawed.

The "Seasonal Pond" that we will cross is an old alluvial channel, not a permafrost feature. North of the
seasonal pond is a birch forest on peat soils with active thermokarst (subsidence due to thaw of
permafrost) that has produced pits and high-center ice-wedge polygons. There are no obvious field
boundaries that would indicate this area was farmed, but the even-aged birch forest indicates some kind
of disturbance (perhaps logging and fire), which set in motion the thermokarst. The largest ice wedges in
the Fairbanks area formed during the last Pleistocene ice age and have been preserved in permafrost
ever since; this is probably the case here.




Floodplain landscape profile near Fairbanks (from Viereck, Dyrness, and Foote, 1993). Permafrost is
present on older surfaces with thick organic surface layer and thick loamy layer (over sand and gravel).
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FIG. 1. Cross section of 12 stages of vegetation succession on the floodplain of the Tanana River (from Viereck 1989, reproduced with
permission of USDA For. Serv. Gen. Tech. Rep. INT-257. p. 198, © 1989 USDA Forest Service).

Diagram of ice wedge formation and degradation.
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Stop 2. Ballaine Lake area buildings. Houses with conventional foundations were built in the 1960s in
the area east of Ballaine Lake, across Farmer's Loop Road. This area has permafrost with ice wedges
("Chatanika" soils, see the landscape diagram below). The house directly across the road from the lake is
obviously deformed but still occupied. Another house to the north an east of the first one has been
abandoned. The area around these two houses was an agricultural field previously. A hole drilled near
these houses had permafrost from 8.5 to 40 m down (core date unknown, reported in Péwé and Bell
1976). UAF Gl Permafrost Lab monitoring site GI-2 (see below) is on an undisturbed site not far away,
west of Ballaine Lake. Permafrost is about 45 m thick with a temperature in the upper part of about -
0.4°C.

Farmer's Loop Road and bikepath were completely rebuilt in the 1990s, and sections with ground ice
have subsided and been repeatedly repaired since then. Thermokarst pits are common in the ditch
along the bike path and road; cracks and repairs to the path and road are visible near Ballaine Lake and
elsewhere along Farmer's Loop where it crosses areas with ice-rich permafrost.

Christ Lutheran Church, east of Farmer's Loop Road and a few hundred meters north of our parking spot
(constructed c. 1980) is on a site with a deeper active layer but still a potential for ice wedges ("Minto"
soils on the landscape diagram). The church was built on pilings to preserve permafrost and allow
leveling of the building.

Fairbanks area uplands, permafrost and soil landscape diagram. Names along the slope are soil series
from the National Cooperative Soil Survey (http://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm).

- Organic matter North —»

2 5,%;"; Schist bedrock

\ \ Permafrost

' airbanks
Ice wedge

Goldstream

MMI




Ground temperature profile from monitoring Temperature, °C
site GI-2 (UAF Geophysical Institute, 1.0 05 0.0 0.5 10
Permafrost Laboratory data, V. E. 0 : i : i : ;
Romanovsky,
http://permafrost.gi.alaska.edu/site/gi2). J/
10
Gl-2
20 : 6/10/2009 ———
E
£ 30
¥
=]
40 - | | .|
50
H—-_‘___“‘-
Eo ] 1

Stop 3. Permafrost coring near Fairbanks St. Misha Kanevsky of UAF will help us drill a core into
permafrost with a portable drill rig, to observe ground ice and other features.

Stop 4. Thompson Drive engineering and UAF farm fields. Thompson Drive has an air convection
embankment (ACE) and hidden thermosyphons to prevent permafrost thaw (Xu and Goering 2008).
Coarse rock in the ACE allows convectional cooling in the winter (warm air between the rocks rises and
escapes), but not the summer (cool air between the rocks stays put). Monitoring shows that
temperatures stay below freezing year-round just below the rock layer. The thermosyphons conduct
heat from below the insulation to the surface during the winter only, by vaporization below and
condensation above the insulation. Thermosyphons are also used to stabilize the pilings that support the
Trans-Alaska Pipeline.

The agricultural fields east of Thompson Drive originally had permafrost and spruce forest vegetation
similar to what is now present east of Thompson Drive. Deep thaw has occurred since clearing in the
early 1900s. Minimal ground ice was present, so the fields have remained smooth and in use.
Monitoring site ufl (see the plot below) in this field shows that ground temperatures just below the
depth of annual fluctuations (about 5 m) are now about +1°C; this is about +3°C warmer than MAAT,
typical for this kind of surface. Permafrost persists below about 12 m and goes down to 35 m. The
temperature of the remaining permafrost is barely below freezing (-0.2°C) but nonetheless it is thawing
very slowly.




The south-facing hilltop where campus is located is permafrost-free, thanks to: south aspect (solar
radiation), good drainage, lack of a thick surface organic layer, and position above winter temperature
inversions.

Thompson Drive permafrost engineering.
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Stop 5. Goldstream Valley pingos. There are several open-system pingos in the Fairbanks area. These
pingos form on footslopes where artesian groundwater from under the permafrost finds a path through
the permafrost to near the surface, where it freezes into thick lenses that bulges the ground up. If the
rate of water flow is too fast for the water to freeze underground, it emerges at the surface as a spring.
Open-system pingos form in areas of discontinuous permafrost where groundwater can recharge
through upper slope areas that lack permafrost, but then the water gets trapped under the permafrost
lower on the slope. Coring of the alpha pingo by Kenji Yoshikawa of UAF revealed an active layer 1 to 3
m thick, and an ice body under part of the pingo from 6 to 10 m depth. Permafrost is about 50 m thick in
the area, and the equilibrium water level is above the ground surface (data from unpublished 2008
NICOP field trip guidebook).

The O'Connor Creek "alpha" pingo.
We will visit this typical open-system
pingo, which about 10 m tall. This
topographic map of "alpha" is from
Péwé (1982).
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Figure 77. Sketch map of Alpha pingo in Goldstream
Valley near junction of Goldstream and O’Connor
Creeks northwest of Fairbanks. The pingo is com-
posed of silt; note the breached ‘crater’ on the
northwest flank. The elevation is approximately 600
feet and permafrost is present 3 to 10 feet below
the ground surface (modified from Pewe, 1977).
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The hydrologic setting of an open-systsem pingo. Diagram by Kenji Yoshikawa (1998).
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