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A LATE-GLACIAL POLLEN SEQUENCE FROM NORTHEASTERN IOWA:

SUMNER BOG REVISITED

Kent L. Van Zant, Research Assistant,
Department of Geology, University of Iowa
(present address: Department of
Geology, Beloit College).

George R. Hallberg, Chief, Research Division,
Iowa Geological Survey

ABSTRACT

Palynologic, stratigraphic, and radiocarbon evidence
indicate the presence of a hiatus within the sediments of
Sumner Bog, Bremer County, Iowa. This changes previously
published interpretations of the bog. Deposition ceased
and erosion and weathering ensued at the bog during the
mid-postglacial. The pollen evidence indicates that during
the late-glacial a closed coniferous forest composed of
abundant spruce and larch trees replaced an open forest
vegetation which still contained spruce and larch trees but
had abundant herbaceous openings. The low percentage of
fir pollen within both of these pollen assemblages suggests
that fir trees were only a minor constituent of the vege-
tation. The very low percentage of pine pollen indicates
that pine trees were not growing in northeast Iowa during
this portion of the late-glacial.

INTRODUCTION - PREVIOUS INVESTIGATIONS
Sumner Bog is located one mile north of Sumner, Bremer
County, Iowa (NW4% of sec. 13, T.93N., R.11W.). In the past
few years the "bog" has been tiled and planted in row crops.
Sumner Bog was first sampled in 1964 by Walker in conjunc-
tion with his investigation (1966) of bogs on the Des Moines
lobe. Three radiocarbon-dates were obtained from the bog

sediments. These dates, and a very simplistic pollen dia-

gram were reported by Ruhe, et al., (1968). Kleiss (1970)



also studied Sumner Bog in his analysis of hillslope and
soil evolution in Bremer County.

A revised version of the simple pollen diagram reported
by Ruhe, et aZ.,.(l968) is shown in figure 1. Ruhe, et al.,
(1968, p. 29) interpreted this diagram:

A preliminary scan of the pollen spectrum of the

Sumner Bog shows the dominance of conifers and

hardwoods until 6,130 years ago . . ., followed

by the dominance of grass. After 2,930 years,

resurgence of oak is indicated in the grassland

regimen.
This interpretation has been repeated elsewhere‘(Kleiss,
1969, p. 34).

This pollen data prompted the need to revisit Sumner
Bog. The interpreted dominance of conifers until 6,130 RCYBP
(radiocarbon years before present) is 4,000 RCY too young
compared to other regional pollen data (this will be dis-
cussed in detail later). Also, the rather high percentages
(and fluctuations) of "other" arboreal pollen in the 6,130
RCY to the present might shed some light on the vegetation
history of eastern Iowa. The present authors were also in-
terested in obtaining a late-glacial pollen sequence from
a site east of the Des Moines lobe.

The vegetation associated with the Late-Wisconsinan
glacial ice in Iowa has been interpreted from buried wood
fragments and pollen deposited in lakes and bogs. Radio-

carbon-dated wood of glacial age has been identified pre-

dominantly as Picea, Tsuga, and Larix (Ruhe, 1969, p. 188).

These pieces of wood have supported the existence of these
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Figure 1. ' Organic stratigraphy, pollen spectrum scan, and
radiocarbon dated horizons in Sumner Bog, replotted
from figure 11 in Ruhe, et al., 1968, p. 30.

trees in the upper Midwest but have not indicated their
abundance.

Pollen studies have supported the presence of conifer-
ous trees in Iowa during the late-glacial and have provided
a means for measuring their relative abundance (Lane, 1931;
Walker and Brush, 1963; Brush, 1967; Durkee, 1971). Some
pollen studies from Iowa have shown high percentages of Pinus
and Abies pollen at times when these pollen types were pre-
sent in low percentages elsewhere in the region. For example,
Durkee (1971) reported greater than 30% Pinus pollen in the
late-glacial at Woden Bog, and Brush (1967) reported greater
than 20% pine pollen at Colo Bog when Pinus was present in
only small percentaées elsewhere in the Midwest at the same
time (e.g., Wright et al., 1963; Jelgersma, 1962; Watts and

Bright, 1968; McAndrews, 1967; J. Gruger, 1973). Wright



(1968) suggested tﬁat some pine trees may have survived the
late-Wisconsinan glacial climate in small stands in the upper
Midwest, but he did not envision pine stands sufficient to
produce greater than 30% of the pollen rain. Pine appears
to have spread northwestward into the upper Midwest across
the Great Lakes area but stopped its transgression before
reaching the plains states (Davis, 1974; McAndrews, 1967).
Similarly, percentages of Abies pollen in the late-
glacial sediments of Iowa (e.g., greater than 75% at Colo
Bog, Brush, 1967) were higher than fir pollen percentages
from elsewhere in the region (e.g., Wright, et al., 1963;
Jelgersma, 1962). HTo explain these higher values of pine
and fir pollen, Durkee (1971) postulated a réfugium for these

trees in Iowa during the late-Wisconsinan glacial advances.

METHODOLOGY

The bog was cored by the authors and Dr. R. G. Baker
in July, 1974, with a two inch diameter soil probe. A one
inch diameter probe was used for the lowest 35 cm because
the wider diameter probe could not be pushed through the
basal silts. An atteﬁpt was made to locate the pollen and
radiocarbon-dated site cored by Walker from the measurements
for site Q given by Kleiss (1969, p. 118). Cores were taken
at various places to confirm the presence of similar stratig-
~raphy throughout the bog.

One core was sampled at 5 cm intervals and processed

for pollen following the method of Faegri and Iversen (1964).



Pollen grains were identified using keys in Faegri and Iver-
sen (1964), McAndrews, et al., (1973) and Kapp (1969) and

by comparison to the reference collection of the ﬁniversity

of Iowa. The vegetation of the area was reconstructed using

standard palynological techniques (e.g., Davis, 1963).

RESULTS AND DISCtISSION

The organic materials of Sumner Bog are inset in ter-
race sediments as shown in figure 2. The fluvial sediments
of the terrace have been dated at 23,750% 650 RCYBP (Kleiss,
1970) . Figure 3 shows the details of the bog stratigraphy.
The authors hypothesized an unconformity in the bog sequence
in order to explain the question of conifers seemingly pre-
sent at Sumner until 6,130 RCYBP. Such a hiatus was not an
unlikely possibility. In the midst of the oréanic materials,
in the core which was used for the pollen and radiocarbon
dates shown in figure 1, at a depth of 60-62 inches occurs
a silt loam containing a relatively small amount of organic
carbon. The silt loam is dark grayish brown (2.5Y 4/2) to
dark gray (5Y 4/1) and overlies peat or muck. However, these
underlying organic sediments do not exhibit their usual black
color (N 2/0 or 10 YR 2/1). 1Instead, they are oxidized to
a dark reddish brown (5 YR 3/2) color. Kleiss (1969, p. 118)
reported four inches (62-66 inches) of this oxidized muck
below the two incheé of silt loam in the original pollen core
(site Q, fig. 3). The numbered cores in figure 3 were taken
in the vicinity of site Q by the authors and show the varia-

tions in the materials in the level, uneroded area of the



Figure 2. Geologic setting of Sumner Bog (after Kleiss, 1969).
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bog. These distinct mineral sediments ranged from zero to
eight inches thick, and the oxidized peat or muck ranged

from four to nearly 24 inches in thickness. These gray silts
were always found overlying the oxidized peat. Two radio-
carbon dates were obtained from the authors' pollen core
(fig. 3-4): 1) five cm (two inches) above this é£ratigraphic
break 5,520 * 70 RCYBP WIS-814); 2) 5 cm (two inches) below
it, 9,270 * 90 (WIS-811). There is a difference of 3,750 RCY
in 10 cm (four inches) of core--substantiation for an uncon-
formity. The dates immediately above the unconformity--6,130
RCYBP (fig. 1) and 5,520 RCYBP--match other dates from this
region which mark erosional unconformities that coincide with
the maximum warm-dry conditions in the mid-postglacial (e.g.,
Hallberg, et al., 1974; Knox, 1972).

Numerous samples from the Sumner Bog cores were barren
of pollen or contained abundant opaque matter. Samples from
the top 120 cm of core number 1 were particularly difficult
to count. The opaque matter may be charcoal and attributable
to prairie fires during the postglacial. In an attempt to
reduce the opaque material, various samples were processed
using the method of Mehringer (1967) and three techniques
from Gray (1965). These procedures did not sufficiently re-
duce the opaque matter to facilitate counting. Consequently,
only samples with reasonably good preservation and concentra-
tion were counted. Most of these samples were within the

lowest one meter of the core.



Figure 3. Details of Sumner Bog stratigraphy.
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The pollen percentages are graphed in figure 4. An
attempt was made to count 300 grains from each sample, but
poor preservation, sparse pollen, and abundant opague matter
limited the pollen sum at four levels. The pollen sum in-
cluded polien of trees, shrubs, and anemophilous herbs.
Pollen of entomophilous herbs, aquatics, and spoiés were
excluded from the pollen sum. Cyperaceae polleﬁ Qas also
excluded because of its potentially local origin.

The lowest meter of the pollen sequence was divided
into two pollen assemblage zones. The lowest zone, Picea-
NAP (non-arboreal pollen) zone, was characterized by approx-
imately 40-50% Picea pollen, 40% nonarboreal pollen, and
greater than 10% Gramineae pollen. Gramineae and Chenopod-
iaceae-Amaranthaceae pollen decreased in thi; zone from their
highest percentages on the diagram. Some thermophilous tree
species, e.g., Quercus pollen, decreased throughout this =zone.
Cyperaceae pollen also decreased.

The Picea-Larix pollen éssemblage zone 1is characterized
by very high percentages (55-95%) of spruce pollen, the
highest percentaées of larch pollen on the diagram, and de-
creased percentages of NAP.

The vegetation represented by the Picea-NAP assemblage
zone is interpreted as an open forest environment. Compar-
isons with modern surface samples (Lichti-Federovich and
Ritchie, 1965, 1968) suggest that some aspects of the pollen
rain at Sumner Bog during the deposition of this assemblage

zone were similar to those of the open lowland forest-tundra



Figue 4. SUMNER BOG
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region around Hudson Bay today. However, it is difficult
(if not impossible) to relate Midwestern late-glacial samples
to modern surface samples because of the ubiquitous lack of
pine pollen in the late-glacial assemblages (e.qg., Wright,
1968; Wright and Watts, 1969). This zone is very similar

to some basal pollen zones in northeastern Minnesota (e.g.,
Kotiranta Lake-la) which have been interpreted as tundra or
open forest-tundra based on macrofossil analysis (Wright and
Watts, 1969). Conversely, in similar zones in southern
Minnesota, macrofossils have shown no evidence for tundra
(these sites generally exhibit higher AP percentages than
those of the northeast however). A single pollen sample
from the Brayton Local Biota in west-central Iowa showed a
similar assemblage (Dulian, 1975). This sample was dated
12,420 RCYBP, but it contained macrofossils §f spruce (Picea
sp.), northern red oak (Quercus rubra), and beaked hazel
(Corylus cornuta). These macrofossils document the coex-
istence of conifers and thermophilous deciduous trees in a
pollen assemblage showing only 39% Picea pollen and 30% NAP.
These pollen percentages and macrofossils seemingly exclude
tundra as the dominant local vegetation.

Obviously, at the present time it is difficult to in-
terpret the Picea-NAP zone except to state that it does rep-
resent an open forest. What vegetation comprised the openings
is subject to question.

The Picea-Larix assemblage zone represented closing or

closed coniferous forest domianted by Picea and Larix. The
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pollen percentages of these two taxa at Sumnef compared
favorably to modern surface samplesAfrom closed coniferous
forest (Lichti-Federovich and Ritchie, 1968). The notable
exception again was the lack of pine pollen in the fossil
record at Sumnef. These pollen percentages compared favor-
ably to similar assemblages from othef diagrams from through-
out the region (e.g., Wright, et al., 1963; Jelgersma, 1962;
Watts and Bright, 1968).

The pollen samples at 120 and 125 cm (figure 4) also
indicate the presence of a hiatus which was substantiated
by the radiocarbon dates (5,520 *+ 70 at 110-116 cm; 9,270 *
90 at 125.5-132 cm). This hiatus was unrecognized by Walker,
Ruhe, et al. (1968), and Kleiss (1969), and apparently was
the reason for Ruhe's (1969, p. 194) extension of the range
of coniferous forest in Iowa beyond 10-11,000 RCYBP.

The 9,270 RCYBP date just below the hiatus and at the
upper boundary of the Picea-Larix pollen assemblage zone
(figure 4) is still considerably younger than this zone has
been dated elsewhere in the region. For example, the upper
boundary of this zone was dated at 10,230 RCYBP at Kirchner
Marsh (Wright, et al., 1963), at 11,250 RCYBP at Madelia
(Jelgersma, 1962), soon after 11,880 RCYBP at Hughes Peat
Bed (Hall, 1971), and at 10,670 RCYBP at Pickerel Lake
(Watts and Bright, 1968). The youthfulness of the Sumner
‘date is probably attributable to either the downward move-
ment of younger humic acids during the weathering and oxi-

dation of the peat after erosion exposed it, or to the
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inclusion of younger material in the radiocarbon-dated
sample by contamination from natural mixing after peat for-
mation resumed again at approximately 6,130-5,520 RCYBP.
Pollen counts in the uppermost sample of the Picea-Larix
assemblage ione; at 125 cm, show that as Picea and Larizx
percentages declined, Gramineae, Ambrosia, and Artéﬁisia
increased. These taxa are most abundant during‘ﬁhe mid-
postglacial at other sites ih the area and not immediately
following the Picea-Larix zone (e.g., Wright, et al., 1963).
The 125 cm pollen sémple, as well as the radiocarbon sample,
may contain contamination from above the hiatus.

Because of the poor preser#ation and abundant opaque
material it was impossible to construct a pollen diagram for

the 5,520 RCYBP to present portion of the core.

" CONCLUSIONS

1. Pollen and physical stratigraphic evidence and
radiocarbon dates indicate that a previously unrecognized
hiatus exists in Sumner Bog. During the warmest, driest
part of the postglacial (ca. 7,200-6,200 RCYBP) organic sedi-
ments ceased to accumulate and erosion ensued. Dessication
and lowering of the water table allowed the exposed upper
surface of organic sediments to be oxidized. Thin mineral
sediments were deposited on this unconformable surface. Peat
sedimentation resuméd ca. 6,130-5,520 RCYBP.

2. A radiocarbon date of 9,270 RCYBP immediately below
the unconformity is probably too young, based on pollen evi-

dence. This may be attributed to contamination by younger

13



organic materials during exposure and weathering or after
peat formation resumed on the unconformable surface.

3. Late~glacial vegetation is interpreted as open
coniferous forest (possibly open forest-tundra) progressing
to a closed coniferous forest of spruce and larch. The low
percentages of pine and fir pollen are consistent with late-
glacial assemblages elsewhere in the upper Midwest but not
with some previous studies from Iowa. Apparently, pine and
fir trees were not growing in abundance in northeastern

Iowa during the late-glacial.
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	INTRODUCTION - PREVIOUS INVESTIGATIONS Sumner Bog is located one mile north of Sumner, Bremer County, Iowa (NW1/4 of sec. 13, T.93N., R.11W.). In the past few years the "bog" has been tiled and planted in row crops. Sumner Bog was first sampled in 1964 by Walker in conjunc­tion with his investigation (1966) of bogs on the Des Moines lobe. Three radiocarbon-dates were obtained from the bog sediments. These dates, and a very simplistic pollen dia­gram were reported by Ruhe, et al., (1968). Kleiss (1970)
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	soil evolution in Bremer County.
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	A revised version of the simple pollen diagram reported
	A revised version of the simple pollen diagram reported

	by Ruhe, et at., (1968) is shown in figure 1. Ruhe, et at.,
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	(1968, p. 29) interpreted this diagram:
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	A preliminary scan of the pollen spectrum of the Sumner Bog shows the dominance of conifers and hardwoods until 6,130 years ago . . ., followed by the dominance of grass. After 2,930 years, resurgence of oak is indicated in the grassland regimen.
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	This interpretation has been repeated elsewhere (Kleiss,
	This interpretation has been repeated elsewhere (Kleiss,

	1969, p. 34).
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	This pollen data prompted the need to revisit Sumner Bog. The interpreted dominance of conifers until 6,130 RCYBP (radiocarbon years before present) is 4,000 RCY too young compared to other regional pollen data (this will be dis­cussed in detail later). Also, the rather high percentages (and fluctuations) of "other" arboreal pollen in the 6,130 RCY to the present might shed some light on the vegetation history of eastern Iowa. The present authors were also in­terested in obtaining a late-glacial pollen sequ
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	The vegetation associated with the Late-Wisconsinan glacial ice in Iowa has been interpreted from buried wood fragments and pollen deposited in lakes and bogs. Radio­carbon-dated wood of glacial age has been identified pre­dominantly as Picea, Tsuga, and Larix (Ruhe, 1969, p. 188). These pieces of wood have supported the existence of these
	The vegetation associated with the Late-Wisconsinan glacial ice in Iowa has been interpreted from buried wood fragments and pollen deposited in lakes and bogs. Radio­carbon-dated wood of glacial age has been identified pre­dominantly as Picea, Tsuga, and Larix (Ruhe, 1969, p. 188). These pieces of wood have supported the existence of these


	Figure 1. Organic stratigraphy, pollen spectrum scan, and
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	radiocarbon dated horizons in Sumner Bog, replotted from figure 11 in Ruhe, et al., 1968, p. 30.
	radiocarbon dated horizons in Sumner Bog, replotted from figure 11 in Ruhe, et al., 1968, p. 30.

	trees in the upper Midwest but have not indicated their abundance.
	trees in the upper Midwest but have not indicated their abundance.

	Pollen studies have supported the presence of conifer­ous trees in Iowa during the late-glacial and have provided a means for measuring their relative abundance (Lane, 1931; Walker and Brush, 1963; Brush, 1967; Durkee, 1971). Some pollen studies from Iowa have shown high percentages of Pinus and Abies pollen at times when these pollen types were pre­sent in low percentages elsewhere in the region. For example, Durkee (1971) reported greater than 30% Pinus pollen in the late-glacial at Woden Bog, and Brush (
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	(1968) suggested that some pine trees may have survived the late-Wisconsinan glacial climate in small stands in the upper Midwest, but he did not envision pine stands sufficient to produce greater than 30% of the pollen rain. Pine appears to have spread northwestward into the upper Midwest across the Great Lakes area but stopped its transgression before reaching the plains states (Davis, 1974? McAndrews, 1967).
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	(1968) suggested that some pine trees may have survived the late-Wisconsinan glacial climate in small stands in the upper Midwest, but he did not envision pine stands sufficient to produce greater than 30% of the pollen rain. Pine appears to have spread northwestward into the upper Midwest across the Great Lakes area but stopped its transgression before reaching the plains states (Davis, 1974? McAndrews, 1967).

	Similarly, percentages of Abies pollen in the late- glacial sediments of Iowa (e.g., greater than 75% at Colo Bog, Brush, 1967) were higher than fir pollen percentages from elsewhere in the region (e.g., Wright, et al., 1963; Jelgersma, 1962). To explain these higher values of pine and fir pollen, Durkee (1971) postulated a refugium for these trees in Iowa during the late-Wisconsinan glacial advances.
	Similarly, percentages of Abies pollen in the late- glacial sediments of Iowa (e.g., greater than 75% at Colo Bog, Brush, 1967) were higher than fir pollen percentages from elsewhere in the region (e.g., Wright, et al., 1963; Jelgersma, 1962). To explain these higher values of pine and fir pollen, Durkee (1971) postulated a refugium for these trees in Iowa during the late-Wisconsinan glacial advances.

	METHODOLOGY
	METHODOLOGY

	The bog was cored by the authors and Dr. R. G. Baker in July, 1974, with a two inch diameter soil probe. A one inch diameter probe was used for the lowest 35 cm because the wider diameter probe could not be pushed through the basal silts. An attempt was made to locate the pollen and radiocarbon-dated site cored by Walker from the measurements for site Q given by Kleiss (1969, p. 118). Cores were taken at various places to confirm the presence of similar stratig­raphy throughout the bog.
	The bog was cored by the authors and Dr. R. G. Baker in July, 1974, with a two inch diameter soil probe. A one inch diameter probe was used for the lowest 35 cm because the wider diameter probe could not be pushed through the basal silts. An attempt was made to locate the pollen and radiocarbon-dated site cored by Walker from the measurements for site Q given by Kleiss (1969, p. 118). Cores were taken at various places to confirm the presence of similar stratig­raphy throughout the bog.

	One core was sampled at 5 cm intervals and processed for pollen following the method of Faegri and Iversen (1964).
	One core was sampled at 5 cm intervals and processed for pollen following the method of Faegri and Iversen (1964).


	Pollen grains were identified using keys in Faegri and Iver- sen (1964), McAndrews, et at., (1973) and Kapp (1969) and
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	by comparison to the reference collection of the University of Iowa. The vegetation of the area was reconstructed using standard palynological techniques (e.g., Davis, 1963).
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	RESULTS AND DISCUSSION
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	The organic materials of Sumner Bog are inset in ter­race sediments as shown in figure 2. The fluvial sediments of the terrace have been dated at 23,750± 650 RCYBP (Kleiss, 1970). Figure 3 shows the details of the bog stratigraphy. The authors hypothesized an unconformity in the bog sequence in order to explain the question of conifers seemingly pre­sent at Sumner until 6,130 RCYBP. Such a hiatus was not an unlikely possibility. In the midst of the organic materials, in the core which was used for the polle
	The organic materials of Sumner Bog are inset in ter­race sediments as shown in figure 2. The fluvial sediments of the terrace have been dated at 23,750± 650 RCYBP (Kleiss, 1970). Figure 3 shows the details of the bog stratigraphy. The authors hypothesized an unconformity in the bog sequence in order to explain the question of conifers seemingly pre­sent at Sumner until 6,130 RCYBP. Such a hiatus was not an unlikely possibility. In the midst of the organic materials, in the core which was used for the polle
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	bog. These distinct mineral sediments ranged from zero to eight inches thick, and the oxidized peat or muck ranged from four to nearly 24 inches in thickness. These gray silts were always found overlying the oxidized peat. Two radio­carbon dates were obtained from the authors' pollen core (fig. 3-4): 1) five cm (two inches) above this stratigraphic
	bog. These distinct mineral sediments ranged from zero to eight inches thick, and the oxidized peat or muck ranged from four to nearly 24 inches in thickness. These gray silts were always found overlying the oxidized peat. Two radio­carbon dates were obtained from the authors' pollen core (fig. 3-4): 1) five cm (two inches) above this stratigraphic
	bog. These distinct mineral sediments ranged from zero to eight inches thick, and the oxidized peat or muck ranged from four to nearly 24 inches in thickness. These gray silts were always found overlying the oxidized peat. Two radio­carbon dates were obtained from the authors' pollen core (fig. 3-4): 1) five cm (two inches) above this stratigraphic

	break 5,520 ± 70 RCYBP WIS-814); 2) 5 cm (two inches) below it, 9,270 ± 90 (WIS-811). There is a difference of 3,750 RCY in 10 cm (four inches) of core—substantiation for an uncon­formity. The dates immediately above the unconformity--6,130 RCYBP (fig. 1) and 5,520 RCYBP—match other dates from this region which mark erosional unconformities that coincide with the maximum warm-dry conditions in the mid-postglacial (e.g., Hallberg, et al. , 1974; Knox, 1972).
	break 5,520 ± 70 RCYBP WIS-814); 2) 5 cm (two inches) below it, 9,270 ± 90 (WIS-811). There is a difference of 3,750 RCY in 10 cm (four inches) of core—substantiation for an uncon­formity. The dates immediately above the unconformity--6,130 RCYBP (fig. 1) and 5,520 RCYBP—match other dates from this region which mark erosional unconformities that coincide with the maximum warm-dry conditions in the mid-postglacial (e.g., Hallberg, et al. , 1974; Knox, 1972).

	Numerous samples from the Sumner Bog cores were barren of pollen or contained abundant opaque matter. Samples from the top 120 cm of core number 1 were particularly difficult to count. The opaque matter may be charcoal and attributable to prairie fires during the postglacial. In an attempt to reduce the opaque material, various samples were processed using the method of Mehringer (1967) and three techniques from Gray (1965). These procedures did not sufficiently re­duce the opaque matter to facilitate count
	Numerous samples from the Sumner Bog cores were barren of pollen or contained abundant opaque matter. Samples from the top 120 cm of core number 1 were particularly difficult to count. The opaque matter may be charcoal and attributable to prairie fires during the postglacial. In an attempt to reduce the opaque material, various samples were processed using the method of Mehringer (1967) and three techniques from Gray (1965). These procedures did not sufficiently re­duce the opaque matter to facilitate count
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	The pollen percentages are graphed in figure 4. An attempt was made to count 300 grains from each sample, but poor preservation, sparse pollen, and abundant opaque matter limited the pollen sum at four levels. The pollen sum in­cluded pollen of trees, shrubs, and anemophilous herbs.
	The pollen percentages are graphed in figure 4. An attempt was made to count 300 grains from each sample, but poor preservation, sparse pollen, and abundant opaque matter limited the pollen sum at four levels. The pollen sum in­cluded pollen of trees, shrubs, and anemophilous herbs.
	The pollen percentages are graphed in figure 4. An attempt was made to count 300 grains from each sample, but poor preservation, sparse pollen, and abundant opaque matter limited the pollen sum at four levels. The pollen sum in­cluded pollen of trees, shrubs, and anemophilous herbs.

	Pollen of entomophilous herbs, aquatics, and spores were excluded from the pollen sum. Cyperaceae pollen was also excluded because of its potentially local origin.
	Pollen of entomophilous herbs, aquatics, and spores were excluded from the pollen sum. Cyperaceae pollen was also excluded because of its potentially local origin.

	The lowest meter of the pollen sequence was divided into two pollen assemblage zones. The lowest zone, Picea- NAP (non-arboreal pollen) zone, was characterized by approx­imately 40-50% Picea pollen, 40% nonarboreal pollen, and greater than 10% Gramineae pollen. Gramineae and Chenopod- iaceae-Amaranthaceae pollen decreased in this zone from their highest percentages on the diagram. Some thermophilous tree species, e.g., Quercus pollen, decreased throughout this zone. Cyperaceae pollen also decreased.
	The lowest meter of the pollen sequence was divided into two pollen assemblage zones. The lowest zone, Picea- NAP (non-arboreal pollen) zone, was characterized by approx­imately 40-50% Picea pollen, 40% nonarboreal pollen, and greater than 10% Gramineae pollen. Gramineae and Chenopod- iaceae-Amaranthaceae pollen decreased in this zone from their highest percentages on the diagram. Some thermophilous tree species, e.g., Quercus pollen, decreased throughout this zone. Cyperaceae pollen also decreased.

	The Piaea-Larix pollen assemblage zone is characterized by very high percentages (55-95%) of spruce pollen, the highest percentages of larch pollen on the diagram, and de­creased percentages of NAP.
	The Piaea-Larix pollen assemblage zone is characterized by very high percentages (55-95%) of spruce pollen, the highest percentages of larch pollen on the diagram, and de­creased percentages of NAP.

	The vegetation represented by the Picea-NAP assemblage zone is interpreted as an open forest environment. Compar­isons with modern surface samples (Lichti-Federovich and Ritchie, 1965, 1968) suggest that some aspects of the pollen rain at Sumner Bog during the deposition of this assemblage zone were similar to those of the open lowland forest-tundra
	The vegetation represented by the Picea-NAP assemblage zone is interpreted as an open forest environment. Compar­isons with modern surface samples (Lichti-Federovich and Ritchie, 1965, 1968) suggest that some aspects of the pollen rain at Sumner Bog during the deposition of this assemblage zone were similar to those of the open lowland forest-tundra
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	region around Hudson Bay today. However, it is difficult (if not impossible) to relate Midwestern late-glacial samples to modern surface samples because of the ubiquitous lack of pine pollen in the late-glacial assemblages (e.g., Wright,
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	region around Hudson Bay today. However, it is difficult (if not impossible) to relate Midwestern late-glacial samples to modern surface samples because of the ubiquitous lack of pine pollen in the late-glacial assemblages (e.g., Wright,

	1968; Wright and Watts, 1969). This zone is very similar to some basal pollen zones in northeastern Minnesota (e.g., Kotiranta Lake-la) which have been interpreted as tundra or open forest-tundra based on macrofossil analysis (Wright and Watts, 1969). Conversely, in similar zones in southern Minnesota, macrofossils have shown no evidence for tundra (these sites generally exhibit higher AP percentages than those of the northeast however). A single pollen sample from the Brayton Local Biota in west-central Io
	1968; Wright and Watts, 1969). This zone is very similar to some basal pollen zones in northeastern Minnesota (e.g., Kotiranta Lake-la) which have been interpreted as tundra or open forest-tundra based on macrofossil analysis (Wright and Watts, 1969). Conversely, in similar zones in southern Minnesota, macrofossils have shown no evidence for tundra (these sites generally exhibit higher AP percentages than those of the northeast however). A single pollen sample from the Brayton Local Biota in west-central Io

	Obviously, at the present time it is difficult to in­terpret the Picea-NAP zone except to state that it does rep­resent an open forest. What vegetation comprised the openings is subject to question.
	Obviously, at the present time it is difficult to in­terpret the Picea-NAP zone except to state that it does rep­resent an open forest. What vegetation comprised the openings is subject to question.

	The Picea-Larix assemblage zone represented closing or closed coniferous forest domianted by Picea and Larix. The
	The Picea-Larix assemblage zone represented closing or closed coniferous forest domianted by Picea and Larix. The


	pollen percentages of these two taxa at Sumner compared favorably to modern surface samples from closed coniferous forest (Lichti-Federovich and Ritchie, 1968). The notable exception again was the lack of pine pollen in the fossil record at Sumner. These pollen percentages compared favor­ably to similar assemblages from other diagrams from through out the region (e.g., Wright, et al., 1963; Jelgersma, 1962; Watts and Bright, 1968) .
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	pollen percentages of these two taxa at Sumner compared favorably to modern surface samples from closed coniferous forest (Lichti-Federovich and Ritchie, 1968). The notable exception again was the lack of pine pollen in the fossil record at Sumner. These pollen percentages compared favor­ably to similar assemblages from other diagrams from through out the region (e.g., Wright, et al., 1963; Jelgersma, 1962; Watts and Bright, 1968) .

	The pollen samples at 120 and 125 cm (figure 4) also indicate the presence of a hiatus which was substantiated by the radiocarbon dates (5,520 ± 70 at 110-116 cm; 9,270 ± 90 at 125.5-132 cm). This hiatus was unrecognized by Walker Ruhe, et al. (1968), and Kleiss (1969), and apparently was
	The pollen samples at 120 and 125 cm (figure 4) also indicate the presence of a hiatus which was substantiated by the radiocarbon dates (5,520 ± 70 at 110-116 cm; 9,270 ± 90 at 125.5-132 cm). This hiatus was unrecognized by Walker Ruhe, et al. (1968), and Kleiss (1969), and apparently was

	the reason for Ruhe's (1969, p. 194) extension of the range of coniferous forest in Iowa beyond 10-11,000 RCYBP.
	the reason for Ruhe's (1969, p. 194) extension of the range of coniferous forest in Iowa beyond 10-11,000 RCYBP.

	The 9,270 RCYBP date just below the hiatus and at the upper boundary of the Picea-Larix pollen assemblage zone (figure 4) is still considerably younger than this zone has been dated elsewhere in the region. For example, the upper boundary of this zone was dated at 10,230 RCYBP at Kirchner Marsh (Wright, et al. , 1963), at 11,250 RCYBP at Madelia (Jelgersma, 1962), soon after 11,880 RCYBP at Hughes Peat Bed (Hall, 1971), and at 10,670 RCYBP at Pickerel Lake (Watts and Bright, 19 68) . The youthfulness of the
	The 9,270 RCYBP date just below the hiatus and at the upper boundary of the Picea-Larix pollen assemblage zone (figure 4) is still considerably younger than this zone has been dated elsewhere in the region. For example, the upper boundary of this zone was dated at 10,230 RCYBP at Kirchner Marsh (Wright, et al. , 1963), at 11,250 RCYBP at Madelia (Jelgersma, 1962), soon after 11,880 RCYBP at Hughes Peat Bed (Hall, 1971), and at 10,670 RCYBP at Pickerel Lake (Watts and Bright, 19 68) . The youthfulness of the


	inclusion of younger material in the radiocarbon-dated sample by contamination from natural mixing after peat for­mation resumed again at approximately 6,130-5,520 RCYBP. Pollen counts in the uppermost sample of the Picea-Larix assemblage zone, at 125 cm, show that as Picea and Larix percentages declined, Gramineae, Ambrosia, and Artemisia increased. These taxa are most abundant during the mid- postglacial at other sites in the area and not immediately following the Picea-Larix zone (e.g., Wright, et at., 1
	inclusion of younger material in the radiocarbon-dated sample by contamination from natural mixing after peat for­mation resumed again at approximately 6,130-5,520 RCYBP. Pollen counts in the uppermost sample of the Picea-Larix assemblage zone, at 125 cm, show that as Picea and Larix percentages declined, Gramineae, Ambrosia, and Artemisia increased. These taxa are most abundant during the mid- postglacial at other sites in the area and not immediately following the Picea-Larix zone (e.g., Wright, et at., 1
	inclusion of younger material in the radiocarbon-dated sample by contamination from natural mixing after peat for­mation resumed again at approximately 6,130-5,520 RCYBP. Pollen counts in the uppermost sample of the Picea-Larix assemblage zone, at 125 cm, show that as Picea and Larix percentages declined, Gramineae, Ambrosia, and Artemisia increased. These taxa are most abundant during the mid- postglacial at other sites in the area and not immediately following the Picea-Larix zone (e.g., Wright, et at., 1

	Because of the poor preservation and abundant opaque material it was impossible to construct a pollen diagram for the 5,520 RCYBP to present portion of the core.
	Because of the poor preservation and abundant opaque material it was impossible to construct a pollen diagram for the 5,520 RCYBP to present portion of the core.

	CONCLUSIONS
	CONCLUSIONS

	1. Pollen and physical stratigraphic evidence and radiocarbon dates indicate that a previously unrecognized hiatus exists in Sumner Bog. During the warmest, driest part of the postglacial (ca. 7,200-6,200 RCYBP) organic sedi­ments ceased to accumulate and erosion ensued. Dessication and lowering of the water table allowed the exposed upper surface of organic sediments to be oxidized. Thin mineral sediments were deposited on this unconformable surface. Peat sedimentation resumed ca. 6,130-5,520 RCYBP.
	1. Pollen and physical stratigraphic evidence and radiocarbon dates indicate that a previously unrecognized hiatus exists in Sumner Bog. During the warmest, driest part of the postglacial (ca. 7,200-6,200 RCYBP) organic sedi­ments ceased to accumulate and erosion ensued. Dessication and lowering of the water table allowed the exposed upper surface of organic sediments to be oxidized. Thin mineral sediments were deposited on this unconformable surface. Peat sedimentation resumed ca. 6,130-5,520 RCYBP.

	2. A radiocarbon date of 9,270 RCYBP immediately below the unconformity is probably too young, based on pollen evi­dence. This may be attributed to contamination by younger
	2. A radiocarbon date of 9,270 RCYBP immediately below the unconformity is probably too young, based on pollen evi­dence. This may be attributed to contamination by younger


	organic materials during exposure and weathering or after peat formation resumed on the unconformable surface.
	organic materials during exposure and weathering or after peat formation resumed on the unconformable surface.
	organic materials during exposure and weathering or after peat formation resumed on the unconformable surface.

	3. Late-glacial vegetation is interpreted as open coniferous forest (possibly open forest-tundra) progressing to a closed coniferous forest of spruce and larch. The low percentages of pine and fir pollen are consistent with late- glacial assemblages elsewhere in the upper Midwest but not with some previous studies from Iowa. Apparently, pine and fir trees were not growing in abundance in northeastern Iowa during the late-glacial.
	3. Late-glacial vegetation is interpreted as open coniferous forest (possibly open forest-tundra) progressing to a closed coniferous forest of spruce and larch. The low percentages of pine and fir pollen are consistent with late- glacial assemblages elsewhere in the upper Midwest but not with some previous studies from Iowa. Apparently, pine and fir trees were not growing in abundance in northeastern Iowa during the late-glacial.
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