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SOIL CHARACTERISTICS OF FOUR SOUTHERN APPALACHIAN
FENS IN NORTH CAROLINA, USA
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Abstract: Mountain fens are uncommon and unique wetlands in the southern Appalachian Highlands. We
selected four mountain fens in North Carolina to compare soil particle-size distribution, organic carbon, pH,
cation exchange capacity (CEC), and exchangeable Mg12, Ca12, and K1. Three of the sites are depressional
areas on alluvial floodplains at elevations between 700 and 1130 m above sea level, while the fourth site is
located on a slope intersecting ground-water seepage at an elevation of 950 m. Peat accumulation amounted
to a shallow surface Sphagnum layer (usually ,5 cm) at three sites, and the organic carbon content of the
surface soil horizon ranged from 4 to 21%. Three of the soils would be classified as Cumulic Humaquepts,
and the other is a Terric Haplohemist. The pH of the surface horizon of the four soils ranged from 4.3 to
4.9. The alluvial fens had higher silt concentrations than the seepage fen, and two of the alluvial fens had
a subsurface, fine-textured deposit. The seepage fen showed little textural variation with depth. Exchangeable
Ca12 concentrations were higher for the seepage fen. The CEC ranged from 15 to 62 cmolc kg21 in the
surface horizon, and base saturation (Ca12, Mg12, and K1) was ,12% for the three alluvial fens and 20%
for the seepage fen. Base saturation increased to 40% in the lower horizons of the seepage fen but remained
,10% for the alluvial fens. The differences in soil characteristics suggest that geomorphic location should
be considered when comparing mountain fens.
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INTRODUCTION

Mountain fens and bogs are unique and uncommon
wetlands found in the Appalachian Highlands of the
southern United States. They range in geographic dis-
tribution from West Virginia to Alabama and in size
from ,1 to 50 ha. Appalachian fens occur in four prin-
cipal landscape positions: headwater regions of moun-
tain streams, stream valleys no longer subject to flood-
ing, slopes intercepting the water table and subject to
constant seepage from ground water, and isolated sys-
tems over resistant rock strata (Walbridge 1994,
Weakley and Schafale 1994). In West Virginia, most
large fen complexes developed adjacent to streams,
while the smaller but more numerous seepage wetlands
developed where springs are frequent and drainage is
impeded by underlying resistant rock (Gibson 1982).
The majority of the fen and bog community types in
the southern Blue Ridge province described by Weak-
ley and Schafale (1994) are either alluvial fens in
floodplain valleys and headwater areas of mountain
streams or are seepage fens.

Most of these mountain wetlands are referred to col-
loquially as bogs, but many of the sites receive
ground-water inputs from surrounding mineral soils
and should be classified as fens (Moorhead and Rossell
1998). The degree of minerotrophy of mountain fens
varies from rich to poor (Stewart and Nilsen 1993).
Soils of rich fens have higher calcium and magnesium
concentrations and lower nitrogen content than soils of
poor fens (Moore and Bellamy 1974, Wieder 1985).
The relationship between geomorphic location (allu-
vial fen or seepage fen) and minerotrophic status has
not been determined.

Soil characteristics of southern Appalachian fens
have been determined for a few sites in West Virginia
(Wieder 1985, Stewart and Nilsen 1993), Tennessee
(Stewart and Nilsen 1993), and North Carolina (Mow-
bray and Schlesinger 1988, Moorhead and Rossell
1998). The sites in West Virginia are shallow peat-
lands with an organic matter concentration ranging
from 80 to 95% of dry mass (Wieder 1985, Walbridge
1994). Sites further south in the Appalachian High-
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lands have a lower organic matter concentration (7 to
40% of dry mass) and a higher pH (Mowbray and
Schlesinger 1988, Stewart and Nelson 1993, Moorhead
and Rossell 1998). The depth of the peat of the West
Virginia fens/bogs is typically ,1 m and in most cases
,50 cm (Wieder et al. 1994).

We selected four wetlands in North Carolina to de-
termine soil characteristics of fens of the Blue Ridge
physiographic province. The primary objective was to
compare soil characteristics of three alluvial mountain
fens with a seepage fen in anticipation that soils of
mountain fens would differ based on geomorphic lo-
cation. The four fens were chosen based on interest by
natural resource agencies or nonprofit organizations
for long-term protection.

STUDY AREAS

Tulula Fen (1.3 ha; 358179N, 838419W) is located
on the floodplain of Tulula Creek in Graham County
at 790 m above sea level. The fen is part of a larger
floodplain forest/fen complex that was degraded dur-
ing a failed attempt to construct a golf course on the
floodplain. The fen was not impacted by golf course
construction and has a mixture of forested and semi-
open, sedge- and rush-dominated communities. The
forested area has an overstory of mature red maple
(Acer rubrum L.) and is also characterized by black
gum (Nyssa sylvatica Marsh.), winterberry (Ilex ver-
ticillata (L.) Gray), cinnamon fern (Osmunda cinna-
momea L.), swamp dewberry (Rubus hispidus L.), tus-
sock sedge (Carex stricta Lam.), and peat mosses
(Sphagnum spp.) (Rossell and Wells 1999). The semi-
open area is dominated by tussock sedge, soft rush
(Juncus effusus L.), and peat mosses with scatter sap-
lings of red maple, elderberry (Sambucus canadensis
L.), swamp rose (Rosa palustris Marsh.), red choke-
berry (Sorbus arbutifolia (L.) Heynhold), and black
chokeberry (S. melanocarpa (Michx.) Schneider). The
site was purchased by the North Carolina Department
of Transportation in 1994 to develop a wetlands mit-
igation bank in western North Carolina.

McClure Fen (,1 ha; 358199N, 828349W) is adjacent
to Gash Creek in Henderson County at 700 m above
sea level. The fen is located in a depressional area on
the floodplain separated from the creek by a natural
levee. The fen is surrounded by agricultural fields on
two sides, County Road 1209 to the west, and Gash
Creek to the north. Canopy and subcanopy species in-
clude red maple, tulip poplar (Liriodendron tulipifera
L.), and tag alder (Alnus serrulata (Aiton) Willd.).
Common plants of the herbaceous layer include sedges
(Carex sp.), rushes (Juncus sp.), bulrushes (Scirpus
sp.), spike-rush (Eleocharis obtusa Willd.), chain fern
(Woodwardia areolata L.), and royal fern (Osmunda

regalis var spectabilis Willd.). A drainage ditch was
installed near the fen/upland border as early as 1950,
which lowered the water table enough to encourage
invasion of the woody species (Reberg-Horton 1994).
The drainage ditch appears to be no longer effective
in removing water from the site because it is clogged
with sediment and most of the fen has a continuous
water table within 0.5 m of the surface (Reberg-Horton
1994). Despite past efforts to use the fen for agricul-
tural purposes (which ended in the early 1980s), this
site contains several rare plants and is being protected
by the North Carolina Nature Conservancy.

Cold Prong Fen (,1 ha; 368089N, 818439W) is lo-
cated in the floodplain of Cold Prong Creek in Wata-
gua County at 1130 m above sea level. The fen is
bordered by the Blue Ridge Parkway on the west side,
a forested slope on the south side, and an open flood-
plain area to the north and east that is used occasion-
ally for cattle grazing. The fen is primarily open, with
a complete groundcover of Sphagnum mosses with a
sparse herb cover of Lycopus uniflorus Michx., Gly-
ceria melicaria Michx., and Aster acuminata Michx.
(Bainbridge et al. 1994). Seedlings of swamp rose are
found in the open Sphagnum mat. Woody cover on
drier portions of the fen is dominated by cherry birch
(Betula lenta L.), swamp rose, and Viburnum nudum
L. An agricultural ditch near the southern end of the
fen has locally altered the hydrology and encouraged
the invasion of Rubus spp. Cattle had access to the
fen, and grazing probably has resulted in soil compac-
tion and increased nutrient loading. The fen was
fenced in 1998 by the North Carolina Nature Conser-
vancy to prohibit cattle grazing and to protect the rare
plants of the area.

Deep Gap Fen (368139N, 818309W) is a 1.5 ha wet-
land 950 m above sea level in Watagua County be-
tween the Blue Ridge Parkway and State Highway
421. Unlike the alluvial fens, Deep Gap Fen is on a
slope that intersects the ground-water table. Deep Gap
Fen is being monitored by the North Carolina Nature
Conservancy for potential impacts from widening
Highway 421 to four lanes. The fen contains a mixture
of forested and semi-open, mixed shrub and herb dom-
inated communities (Bill Crowell 1997, personal com-
munication). Dominant canopy species include red
maple and Canada hemlock (Tsuga canadensis L.) in
wetter areas of the fen and white pine (Pinus strobus
L.), white oak (Quercus alba L.), and hawthorns (Cra-
taegus sp.) in drier areas. Common shrubs include
spicebush (Lindera benzoin L.), winterberry (Ilex ver-
ticillata L.), rosebay (Rhododendron maximum L.),
and mountain laurel (Kalmia latifolia L.). Sedges
(Carex sp.) dominate the herb layer of the open areas.
Dense stands of tag alder and yellow birch (Betula
lutea Michx.) are located in wettest portion of the fen.
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METHODS

Field Collection

Multiple sites were selected for soil sampling in the
interior of the mountain fens. The sites were based on
a network of existing water-monitoring wells along
transects in Deep Gap, Cold Prong, and McClure fens.
The sites at Tulula Fen were selected from permanent
10x10 m plots established for vegetation studies. Four
sites were sampled at Cold Prong Fen, six each at Mc-
Clure and Tulula fens, and 10 at Deep Gap Fen. At
each site, a dutch auger was used to collect one (Cold
Prong Fen) or two-to-three soil samples from each soil
horizon to a depth of 1 m. Auger holes were randomly
chosen within the vegetation plots or randomly placed
about 1 m from existing wells. At sites where multiple
samples were collected, the soils were consolidated by
soil horizon. Changes in soil color and texture were
the dominant criteria used to distinguish between soil
horizons. Soil color of the surface A horizon varied
from black (10YR 2/1; 5YR 2.5/1) to very dark gray
(10YR 3/1). The colors of the subsurface horizons
were typically gleyed, with various degrees of redox-
imorphic features.

Laboratory

Soil pH was measured on moist samples; weights
were adjusted based on moisture content to reach a
1:1 soil/water slurry ratio (dry weight/volume). The
remaining soil samples were air-dried, ground, and
passed through a 2-mm-mesh sieve to remove stones
and organic debris. The air-dried samples were used
to determine particle-size distribution, organic C, cat-
ion exchange capacity (CEC), and exchangeable cat-
ions. Particle-size distribution was determined on 50-
g samples with a hydrometer (Gee and Bauder 1986)
after treatment with 10% hydrogen peroxide to remove
organic matter and physical dispersion using 0.5 g L21

Na-hexametaphosphate. Organic C was determined by
the Walkley-Black method (Nelson and Sommers
1982).

Exchangeable Ca12, K1, and Mg12 were replaced
with NH4

1 by using 1 M NH4OAc (buffered at pH 7)
in a modified procedure similar to Plumb (1981) and
Thomas (1982). Duplicate 1-g samples were placed in
15-mL centrifuge tubes. The tubes were filled with 1
M NH4OAc, shaken, and allowed to equilibrate for 30
min. The tubes were spun at 2,000 rpm for 10 min,
and the supernatant was poured into a 50-mL volu-
metric flask. After three NH4OAc washes and a final
volume of 50 mL, the supernatant was filtered through
Whatman 42 filter paper with a Buchner funnel and a
250-mL suction flask. Cations were determined on a

Smith-Hieftje 12 atomic absorption spectrophotometer
(Thermo Jarrell Ash Corp., Franklin, MA).

To determine CEC, the samples used for exchange-
able cations were washed and centrifuged three times
with isopropyl alcohol to remove excess NH4OAc. The
samples were then washed three times with 12 ml of
1.7 M NaCl, and the supernatant was collected in a
50-mL volumetric flask using a procedure similar to
Plumb (1981). The NH4

1 concentrations in the super-
natants were determined with an ammonium electrode
and an Orion expandable EA 920 ion analyzer (Orion
Research Incorporated, Cambridge, MA). Soil physi-
cochemical properties were statistically analyzed using
GLM (REGWQ) procedures of SAS 6.0 (SAS Insti-
tute, Cary, NC) for significance between horizons in a
soil profile.

RESULTS AND DISCUSSION

The soils of three of the mountain fens would be
classified as Cumulic Humaquepts based on the tex-
tural classes of the soil profiles (Table 1). The alluvial
fen at Cold Prong had enough organic C to be clas-
sified as an organic soil and would be classified as a
Long Hope mucky peat (Terric Haplohemist) (R.
Mathis, Natural Resources Conservation Service). The
other two alluvial fens have higher silt concentrations
throughout the soil profile relative to the Deep Gap
seepage fen, and they both have a fine textured deposit
located below the A horizon. Based on the textural
classes of soil profiles, the soils would be classified as
a Toxaway silt loam for Tulula and McClure Fens and
Nikwasi fine sandy loam for Deep Gap Fen (R. Math-
is, Natural Resources Conservation Service). The Tox-
away and Nikwasi soils differ in textural class, and the
Nikwasi soil has a gravel layer within 50 to 100 cm
of the surface. We noted a gravel layer between 30
and 50 cm in portions of Deep Gap Fen, hence the
fewer samples collected for the C horizons.

Organic C content ranges from 4% to 21% in the
surface horizon of the four fens (Table 2); three of the
fens would not be classified as containing organic
soils. In contrast, southern Appalachian fens in West
Virginia tend to accumulate peat and have organic
matter concentrations exceeding 90% in the surface
layer (Wieder 1985, Stewart and Nilsen 1993). Fens
and bogs have been traditionally described as peat-
accumulating wetlands that receive hydrologic and ion
inputs from ground water (fens) or precipitation (bogs)
(Mitsch and Gosselink 1993). Although mountain fens
in West Virginia seem to fit traditional classification
systems, several fen- or bog-type wetlands in the more
southern Appalachian Highlands do not accumulate
substantial amounts of peat. Surface layers of Sphag-
num moss were found in the four fens of this study,
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Table 1. Soil physical characteristics of four southern Appalachian fens in North Carolina.

Site n
Average
Depth Textural Class Sand Silt Clay

cm %

Tulula (Cumulic Humaquept)

A1
A2
Cg
Ab

6
6
6
6

0–20
20–54
54–101

101–128

Loam
Loam
Clay loam
Sandy loam

52.6a†
51.1a

26.9b

54.0a

37.2a

35.3a

43.1a

32.5a

10.1b

13.6b

30.0a

11.8b

McClure (Cumulic Humaquept)

A1
A2
Cg

6
6
5

0–16
16–56
56–116

Sandy loam
Sandy loam
Loam

63.9a

57.0ab

43.4b

29.4a

33.2a

37.7a

6.7b

9.8b

18.9a

Cold Prong (Terric Haplohemist)

Oe
Oa
Cg

4
4
2

0–18
18–73
73–96

Hemic material
Sapric material
Sandy loam 79.7 12.3 8.0

Deep Gap (Cumulic Humaquept)

A1 10 0–26 Sandy loam 75.3a 15.6a 8.8a

A2
Cg1
Cg2

7
5
3

26–57
57–87
87–102

Loamy sand
Sandy loam
Sandy loam

79.1a

68.5a

74.4a

11.7a

18.8a

15.5a

9.1a

12.7a

10.0a

† Statistical significance (P , 0.05) among soil horizons for each site are distinguished by different letters.

Table 2. Soil chemical characteristics of four southern Appalachian fens in North Carolina.

Site n pH
Organic
Carbon CEC§

Exchangeable

Ca Mg K
Base

Saturation‡

% cmolc kg21 %

Tulula

A1
A2
Cg
Ab

6
6
6
6

4.26a†
4.49a

4.39a

4.50a

7.4a

4.5b

1.6c

8.4a

41.0a

34.0b

22.1c

33.5b

0.72a

0.24a

0.57a

0.73a

0.54a

0.28b

0.41ab

0.38ab

0.36a

0.17b

0.16b

0.19b

3.9ab

2.0b

5.1a

4.0ab

McClure

A1
A2
Cg

6
6
5

4.52a

4.78a

4.80a

6.4a

3.4b

0.9c

16.7a

10.9b

9.9b

1.15a

0.72a

0.57a

0.54a

0.23a

0.18a

0.20a

0.08b

0.12b

11.4a

9.2a

9.1a

Cold Prong

Oe
Oa
Cg

4
4
2

4.34a

4.17a

4.17a

20.5a

23.9a

5.2b

62.0a

60.7a

18.3b

0.92a

1.21a

1.39a

1.04a

0.86a

0.17b

0.34a

0.22a

0.25a

4.0b

3.8b

9.9a

Deep Gap

A1
A2
Cg1

10
7
5

4.86c

4.97bc

5.32ab

3.9a

2.8a

0.6b

14.7a

9.7ab

6.4b

2.12a

1.50a

1.41a

0.58a

0.35a

0.42a

0.17a

0.10a

0.13a

19.7b

19.6b

31.3b

Cg2 3 5.63a 0.2b 4.6b 1.34a 0.44a 0.09a 39.1a

† Statistical significance (P , 0.05) among soil horizons for each site are distinguished by different letters.
‡ Base saturation is a percentage based on exchangeable Ca12, Mg12, and K1 divided by the CEC.
§ Cation exchange capacity.
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but they are generally ,5 cm thick, except for Cold
Prong Fen. The pH of the surface horizon ranges from
4.3 at Tulula Fen to 4.9 at Deep Gap Fen. The surface
pH of fens in West Virginia ranges from 3.6 to 4.0
(Stewart and Nilsen 1993). The pH of lower horizons
in the Deep Gap seepage fen were much higher than
for the alluvial fens.

The CEC of the surface horizon ranged from 14.7
cmolc kg21 in Deep Gap Fen to 62 cmolc kg21 in Cold
Prong Fen and generally decreased with increasing
depth. Data on the CEC of more northern sites of the
Appalachian Highlands are limited; Wieder (1985) re-
ported a CEC of 126 cmolc kg21 for soils in the Big
Run Bog in West Virginia, and Mowbray and Schles-
inger (1988) reported a CEC of 91.3 cmolc kg21 for
soils in the Bluff Mountain Fen in North Carolina.

Concentrations of exchangeable Ca12, Mg12, and K1

were low in the three alluvial fens and generally con-
tributed ,10% of the saturation of the exchange com-
plex. Exchangeable Ca12 concentrations were higher in
Deep Gap Fen, suggesting that the degree of minero-
trophy is poor for alluvial fens, although exchangeable
Mg12 concentrations were highest for the Cold Prong
alluvial fen. Base saturation of the CEC with ex-
changeable Ca12, Mg12, and K1 was 20% in the A1
horizon of Deep Gap Fen and increased to 39% in the
C2 horizon. Base saturation of the CEC for the alluvial
fens is similar to that reported for Big Run Bog
(,10%) in West Virginia (Wieder 1985); base satu-
ration at Deep Gap Fen is more similar to Bluff Moun-
tain Fen (24 to 31%) in North Carolina (Mowbray and
Schlesinger 1988). Big Run Bog is an alluvial fen
(Walbridge 1994), whereas Bluff Mountain Fen is a
seepage fen.

Our limited database suggests that differences exist
among mountain fens based on geomorphic setting (al-
luvial vs. seepage fens). The most notable differences
include higher organic C concentration and CEC in
alluvial fens and higher pH, exchangeable Ca12, and
base saturation in seepage fens. Additional sites (par-
ticularly seepage and isolated fens) should be evalu-
ated to determine the extent of differences. A more
difficult task is to find sites that have not been im-
pacted directly or indirectly by human activities. Graz-
ing has been nearly universal in North Carolina fens,
and many sites are closely surrounded by agricultural
fields or pastures (Weakley and Schafale 1994). The
differences in soil properties based on geomorphic lo-
cation may partially explain the variability of plant
communities in mountain fens. Plant communities of
southern Appalachian mountain fens in West Virginia
have been differentiated by spatial variation in peat
(Wieder 1985) and water (Walbridge 1994) chemistry.
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