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Abstract

210Ph chronologies and depth profiles of stable S isotope ratios (6**S) and concentrations of organic and
inorganic S fractions were determined in peat cores from nine sites in the U.S. and the Czech Republic.
Results indicate that depth profiles in S concentrations, S accumulation, and 3¢S ratios in peat deposits
are affected not only by historical patterns in atmospheric S deposition but also by ongoing depth-
dependent changes in S reduction-oxidation and S immobilization-mineralization processes within a peat
deposit. These processes impart a certain degree of mobility to S in peat, bringing into question the
validity of reconstructing historical records of S accumulation using dated peat profiles. Over long-term
diagenesis, isotopically light S may be continually released from deep peat. This release may result in
redistribution of S and S isotopes in peat and suggests that short-term patterns in S accumulation may

not persist over much longer time scales.

Sphagnum-dominated wetlands often ex-
hibit a net retention of atmospherically de-
posited S (cf. Bayley et al. 1986; Urban et al.
1989; Spratt and Morgan 1990). Sulfur reten-
tion apparently is not the result of a fraction
of the incoming S atoms becoming immobi-
lized within the peat, with the remaining frac-
tion passing through the peatland unaltered.
Rather, the biogeochemical cycling of S in peat
is quite dynamic. The quantity of S that cycles
internally through oxidation and reduction re-
actions in peat may far exceed S inputs (Urban
et al. 1989; Spratt and Morgan 1990; Wieder
et al. 1990). Subsurface peaks in total S, or-
ganic S, and FeS,-S concentrations, typically
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located near the top of the permanently satu-
rated peat (Urban et al. 1989; Novak and
Wieder 1992), have been interpreted as re-
sulting from bacterial sulfate reduction and the
formation of both organic C bonded S (formed
relatively slowly, but relatively stable once
formed) and reduced inorganic S (e.g. FeS-S
and FeS,-S; formed relatively rapidly, but rel-
atively labile once formed). Thus, localized ac-
cumulation of the reduced S end products of
sulfate reduction has been implicated as the
key process contributing to the generally re-
ported retention of S in Sphagnum peatland
ecosystems. However, little is known about the
long-term fate of S in peatlands as peat accu-
mulation proceeds.

Previously (Novak and Wieder 1992), we
reported changes in the concentrations of or-
ganic and inorganic S fractions as a function
of depth in peat cores collected from nine sites.
In this paper, we apply 2!°Pb dating and stable
sulfur isotope (634S) analyses to these same peat
cores in an effort to better understand both the
short-term cycling of S in near-surface peat and
the longer term cycling of S during diagenesis.

Study sites

The nine sites, seven in the U.S. and two in
the Czech Republic, have a predominantly
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S in 21°Pb-dated peat

Sphagnum-derived peat deposit. Four of the
U.S. sites (Marcell S-2 Bog, Minnesota; Tam-
arack Swamp, Pennsylvania; Cranesville
Swamp, on the Maryland-West Virginia bor-
der; Big Run Bog, West Virginia) are physio-
graphically minerotrophic, receiving inputs of
water both by directly incident precipitation
and by runoff from the surrounding upland
portions of their watersheds. However, vege-
tation and water chemistry (surface water pH,
3.64.4; dissolved Ca?** < 2.4 mg liter—!) in-
dicate that these sites are similar to ombro-
trophic bogs. McDonald’s Branch Swamp, in
the New Jersey Pinelands, is predominantly
groundwater fed; the wetland has a substantial
cover of living Sphagnum and its surface wa-
ters are acidic, with pH values ranging from
3.2 to 3.5. Tub Run Bog, West Virginia, and
Allegheny Mining Bog, Maryland, are Sphag-
num-dominated wetlands that receive SO,2~
inputs in acid coal mine drainage. Although
Tub Run Bog has been receiving acid mine
drainage (pH as low as 2.2; SO,2~ as high as
276 mg liter—!) since mining ended around
1950, the quantity of mine drainage entering
the wetland is rather small in comparison to
incident precipitation and runoff from the for-
ested upland portion of its watershed; in con-
trast, Allegheny Mining Bog has been receiving
acid mine drainage (pH of 2.8; SO,2—, ~1,200
mg liter—!) since 1985 from a fairly continu-
ously discharging seep (~250 liter min—!) at
the toe of the regraded mine spoil.

The peat deposits at the two sites in the Czech
Republic, Bozi Dar Bog and Jezerni slat’, are
predominantly Sphagnum derived, but there
is very little living Sphagnum at these sites
today and therefore no current Sphagnum peat
accumulation. Whereas Jezerni slat’ is in the
relatively pristine Sumava Mountains of
southern Bohemia, Bozi Dar Bog is in the
Krus$né hory Mountains of northern Bohemia,
one of the most polluted regions of Europe.
More detailed descriptions of the study sites
are given by Novak and Wieder (1992); the
data reported here are from the same cores as
in that paper.

Methods

One intact peat core was collected from each
site with a 10-cm-diameter, 50-cm-long PVC
pipe with a sharpened bottom edge. All cores
were collected from areas of the wetland where
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microtopographic differences between hum-
mocks and hollows did not exceed 20 cm; cores
were not collected from either hummocks or
hollows. Cores were sliced into 2-cm-thick sec-
tions, freeze-dried, and homogenized with a
Tecator Cyclotec Sample Mill. Although
Amaral et al. (1989) reported that (compared
to other drying methods) freeze-drying caused
a loss of total S and altered stable S isotope
ratios in lake sediment samples, experience in
our laboratory with freshwater peat has shown
no statistically significant effect of drying
method (freeze-drying, air-drying, oven-dry-
ing at 60 or 100°C) on total S concentrations
(Baechler and Wieder unpubl.).

Peat profiles were 2!°Pb dated by acid di-
gestion of peat (W. R. Schell pers. comm.) and
application of the constant rate of supply (CRS)
model of Appleby and Oldfield (1978). A 3-g
subsample from each peat core section, along
with ~15 dpm of 2%8Po as a chemical yield
tracer, was digested with concentrated HCI,
concentrated HNQO;, and H,0O,. The Pb and
Po isotopes were plated onto silver disks for
activity measurement on an ORTEC 576 al-
pha spectrometer. There was enough variabil-
ity in 2!°Pb concentrations with depth in the
Allegheny Mining Bog peat core that the CRS
model failed to converge; the core from this
site was not datable.

When 2'°Pb is used to date the cores, each
date has an error term comprised of both the
counting error and propagated error associated
with fitting the CRS model to the data. The
magnitude of the error term increases with
depth (Schell 1987). In this paper, depths for
which the error term exceeded the estimated
age (yr) of the section were not included in the
construction of core chronologies. Addition-
ally, the dates obtained with 2!°Pb method-
ology represent the average date for each 2-cm
section. To calculate apparent S accumulation
rates (ug cm~2 yr—!), we estimated the dates
for the top and the bottom of each 2-cm section
by averaging the date for the section with those
of the overlying and underlying sections, re-
spectively; the difference between the estimat-
ed dates for the top and bottom of each section
then represents the number of years over which
the peat in a particular section accumulated.

It has been suggested that 2!°Pb is mobile,
especially in the hollows of acidic peats (cf.
Urban et al. 1990). However, palynological
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analysis of the peat cores from Marcell S-2 Bog
(timing of the rise in Ambrosia pollen) and Big
Run Bog (timing of the disappearance of Cas-
tanea pollen) has corroborated the 2'1°Pb dates
(Wieder et al. in press). Thus, in this paper we
evaluate S fraction and 634S profiles assuming
the validity of 2!1°Pb dates.

Total sulfur for §3*S determination was ex-
tracted by Eschka’s procedure (Chakrabarti
1978). The bottom of a 50-ml porcelain cru-
cible was covered with 0.5 g of Eschka’s mix-
ture (MgO and Na,CO,; 2:1 wt/wt). A 1-g
subsample from each depth interval was mixed
thoroughly with 2.5 g of Eschka’s mixture and
added to the crucible. An additional 1 g of
Eschka’s mixture was added to the crucible
which was then placed in a muffle furnace. The
temperature was gradually raised to 800°C over
a 1-h period; heating at 800°C continued for
another 90 min. The resulting ash was trans-
ferred to a beaker containing 30 ml of distilled,
deionized water, and 17 ml of concentrated
HCI were added. The beaker was covered with
a watch glass, and the mixture was boiled for
5 min, then passed through Whatman 541 fil-
ter paper. Two drops of methyl red indicator
were added to the filtrate, and 30% NH,OH
was added until the color changed to light green
and a trace of precipitate formed. A sufficient
amount of concentrated HCI was added to just
redissolve the precipitate plus 1 ml of HCI in
excess. The beaker was covered and heated
until the solution boiled. The temperature was
reduced to just below the boiling point, and
10 ml of 0.48 M BaCl, were added while the
beaker was agitated; heating was continued for
another 30 min. The mixture was passed
through Whatman 541 filter paper, and the wet
filter paper was placed in a crucible and ignited
at 800°C for 15 min, yielding solid BaSO,.

Stable sulfur isotope determinations of the
resulting BaSO, from the North American cores
were conducted by Geochron Laboratories
(Cambridge, Massachusetts). Stable sulfur iso-
tope determinations for the two Czech cores
were conducted by the Czech Geological Sur-
vey (cf. Yanagisawa and Sakai 1983). In both
cases, analysis involved thermal decomposi-
tion of the BaSO, to SO, and subsequent iso-
topic determination with a dual collector iso-
tope ratio mass spectrometer.

Novdk et al.

Results and discussion

S accumulation in peat deposits —Previously
(Novak and Wieder 1992) we reported that,
for peat cores from the four relatively undis-
turbed sites in the U.S. that are not ground-
water fed (Marcell S-2 Bog, Tamarack Swamp,
Cranesville Swamp, Big Run Bog), total S con-
centrations gradually increased with depth,
reaching maximum values between 10 and 20
cm, and then decreased with depth. Although
we did not have detailed measurements of wa-
ter-table fluctuation at any of the sites, the lo-
cations of the subsurface maxima in total S
concentrations corresponded closely with field
observations of minimum water-table eleva-
tion. Furthermore, among these four sites, there
were only weak trends of increasing total S
concentration in living Sphagnum and of in-
creasing values for the subsurface total S con-
centration maxima with increasing atmo-
spheric S deposition. Generally, the depth
profiles for concentrations of organic and in-
organic S fractions provided only weak evi-
dence to support a hypothesis of greater S re-
tention with greater atmospheric S deposition.
Reassessment of these same cores using bulk
densities to replace S concentrations with S
contents and replacing depths with 2!°Pb dates
(Fig. 1), however, provides considerably more
insight into S accumulation.

For the U.S. sites, there was a general trend
of increasing S accumulation with increasing
atmospheric S input (Fig. 1). Whereas all of
these sites are surrounded by upland watershed
areas and hence are physiographically miner-
otrophic, field observations suggest that much
of the S in runoff from the upland areas is
funneled through laggs to the outlets or travels
through the peatlands in small stream chan-
nels. Care was taken to collect cores at loca-
tions distant from both the upland boundary
and stream channels; the extent to which any
of the cores may have been influenced by up-
land runoff is difficult to determine quantita-
tively. Certainly, the greater accumulation of
S in Tub Run Bog peat than in Big Run Bog
peat (the sites are separated by <10 km) is a
result of enhanced S inputs to Tub Run Bog
in acid coal-mine drainage.

At the two Czech sites, the deeper parts of



