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INTRODUCTION 

Records of decadal fluctuations in precipitation 
regimes are valuable indicators of regional cli-
mate.  This study addresses lake level fluctuations 
by using preserved peat layers to examine a period 
of approximately 1000 years of lake level change.  
Twenty-three overlapping lake sediment cores were 
taken from a series of kettle basins within Jigsaw 
Lake in the Kenai Lowlands of the Kenai National 
Wildlife Refuge.  Sediment cores and geophysical 
seismic surveys were analyzed to separate the land-
scape evolution signal (kettle-development) from 
the climate signal (regional lake levels).  Our work 
builds upon a previous study at Jigsaw Lake done by 
D. Kaufmann in 2004 that included physical proxies, 
radiocarbon dating, testate amoebae and peat analy-
ses. For our study, the 23 sediment coring locations 
in five kettle basins of Jigsaw Lake were determined 
based upon detailed geophysical and bathymetric 
maps, which allowed for precision coring (Figure 1). 

Analysis of a widespread preserved peat layer in the 
cores indicates a lake low-stand and a gradual tran-
sition to higher lake levels between approximately 
9300-7950 cal yr BP, suggesting that the climate was 
relatively drier during this time and getting wetter. 
In the northeast basin of the lake, the submerged 
peat layer occurs as deep as 11.5 meters below cur-
rent lake level, suggesting that water level rose by at 
least this depth over the past ~9300 years.  Evidence 
of paleo-shorelines found 1-2 meters above the pres-
ent lake level at 82 masl indicates even higher lake 
levels at some point following glacial retreat about 
18,500 years ago.  Peat humification analysis on core 
0962 supports the possibility of several basin subsid-

ence events as the initial trigger for a 5 meter lake 
level rise occurring between approximately 8620 cal 
yr BP, whereas a later lake level rise approximated 
around 8050 cal yr BP may reflect a true shift in 
precipitation and moisture availability. Based on the 
findings of this study, lake level changes in Jigsaw 
Lake were caused by a combination of basin subsid-
ence and changes in precipitation.  

STUDY SITE

Tracking longterm changes in regional groundwater 
tables provides important information about former 
water budgets and stratigraphic changes in pre-
served sediments.  By reconstructing the paleo lake-
levels at Jigsaw Lake in the Kenai Lowlands, a proxy 
record can be developed for basin subsidence and 
moisture variability in this region during the Ho-
locene.  Deglaciation occurred in this area at about 
18,500 cal yrs BP, and Jigsaw Lake is one of many 

USING PEAT HUMIFICATION FOR HIGH RESOLUTION LAKE 
LEVEL RECONSTRUCTION: JIGSAW LAKE, KENAI LOWLANDS, 

ALASKA
ALENA GIESCHE
Middlebury College
Research Advisors: Jeffrey Munroe and Pete Ryan

Figure 1. Coring sites at Jigsaw Lake on the Kenai Peninsula, 
Alaska. Bathymetry of the lake is represented by the color gradi-
ent.
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kettle lakes in a chain of northwest-southeast ori-
ented lakes formed after the glaciers receded to the 
North (Reger et al., 2007).  Jigsaw Lake is an ideal 
site for the study of past relative moisture changes 
as the lake sits at an elevation of 82 m perched on a 
groundwater drainage divide.  This makes the lake 
sensitive to changes in precipitation, as the lake lev-
els are directly dependent on the regional ground-
water table. 

METHODS

2.1 Field research

Field research at Jigsaw Lake in the Kenai National 
Wildlife Refuge was conducted in June and July of 
2009 by a six-person team of student and faculty 
investigators.  Geophysics research utilized a com-
bination of a Hummingbird 798 SI sidescan sonar 
and a SyQwest Stratabox™ sub-bottom profiler to 
survey all kettle basins of the lake.  Upon examin-
ing the profiles, twenty-three sites were selected for 
coring.  A modified Livingston piston coring device 
was mounted on a platform on two canoes.  This 
portable coring platform was anchored at the coring 
sites, where 1m overlapping thrusts of cores were 
extracted.  Initial processing of the cores included 
stratigraphic correlation, photographic documen-
tation, and magnetic susceptibility (MS) sampled 
every centimeter using a Bartington magnetic sus-
ceptibility meter. 

2.2 Research done at Middlebury College, 
2009-2010

Six cores were brought to Middlebury for further re-
search, including 0951, 0955, 0959, 0962, 0968, and 
0970 (Figure 1).  Additional analyses include loss on 
ignition (sampled every 2 cm using a Leco TGA-701 
thermogravimetric analyzer).  Additionally, three 
samples from core 0951 were examined with the 
XRD to determine mineral composition within the 
peat, tephra, and sand.   A colorimetric peat humi-
fication analysis was carried out on a 80 cm peat sec-
tion of coring site 0962 (sampling every centimeter).  
The protocol used for this analysis was developed by 
Blackford and Chambers (1993).  Finally, three AMS 

dates (from the top and bottom of the peat layers 
in 0962 and the bottom of the peat layer in 0951) 
were sampled and submitted to BetaAnalytic Inc. for 
radiocarbon dating. 

PEAT HUMIFICATION ANALYSIS 

The longest recovery of continuous peat within the 
cores was approximately 80 cm long in core 0962.  
Based on the initial AMS dates, this peat grew in 
800 years, at an approximate rate of 10 cm/100 years 
(Ed Berg, pers. comm.). Normal rates on the Kenai 
Peninsula appear to vary between 1-5 cm / 100 years 
(data from Ed Berg, personal communication). Ten 
centimeters per 100 years is therefore an extremely 
fast growth rate for peat, which makes the species 
composition of great interest. Due to the decom-
position of the peat, however, distinct species have 
been difficult to identify. Nevertheless, preliminary 
examinations suggest that the majority of species are 
Sphagnum, specifically Spaghnum fuscum, which is 
one of the driest sphagnum moss species (Ed Berg, 
pers. comm.). Since peat humification may vary 
based on the diversity of species present throughout 
the peat layer, it is important to consider species 
variation when performing peat humification analy-
sis throughout a varied core (Yeloff and Mauquoy, 
2006). In the case of core 0962, this does not appear 
to be a problem since species variation is limited.  
	
The degree to which the peat has humified may 
provide important clues about climate variability at 
Jigsaw Lake.  Peat humification is directly related 
to the surface moisture conditions when the peat 
was formed (Aaby & Tauber, 1975).  Wet condi-
tions prevent humification and dry conditions allow 
the peat to humify more completely.  To determine 
the degree of humification, the Blackford & Cham-
bers (1993) protocol was used, which involves 
boiling peat samples in 8% NaOH and measuring 
the percent light transmission of the filtered solu-
tion.  Determining the degree of peat humification 
throughout the peat sequence in core 0962 provides 
a relative scale of moisture conditions during ~8,790 
– 7,950 years BP (determined by AMS dates).  A 
sample was taken every centimeter, and occasion-
ally two consecutive samples were combined if they 
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did not individually yield 0.2g of dried mass.  Since 
the 80cm section of peat represents ~800 years of 
growth, each centimeter of peat represents approxi-
mately 10 years. This age estimate assumes con-
stant growth and does not adjust for any variations 
in growth speed or compression of deeper layers, 
though presumably one centimeter in the lower 
layers would represent a longer time span than one 
centimeter in the uppermost layers.  This high reso-
lution of peat sampling allowed for a detailed look at 
the moisture variability over 800 years. 

RESULTS and DISCUSSION

3.1 Visual Stratigraphy

A fence diagram of several of the cores in the north-
eastern basin provides a good visual correlation of 
the changes in stratigraphy spanning the basin (Fig. 
2).  It is apparent from this diagram that the transi-
tion layers (peat to lacustrine and sandy nonorgan-
ics to peat) are consistently present throughout the 
cores.  This suggests that there is an apparent rela-
tion between stratigraphies of all cores throughout 

the basin even though the story of lake level change 
is complex.

3.2 LOI and Magnetic Susceptibility
	
Loss on ignition (LOI) data matches the visual 
stratigraphy and magnetic susceptibility readings of 
the cores.  Taking core 0962 as an example (Fig. 3), 
the LOI data appears to correlate well with magnetic 
susceptibility (MS) except within the peat section.  
Here, LOI deviates from a high-carbon content, and 
seems to suggest that a non-organic layer must be 
present in the peat.  Perhaps this layer represents 
erosional deposits from a significant flooding event.  
Nevertheless, it is interesting that this deviation does 
not record in the magnetic susceptibility or humifi-
cation measurements.

3.3 Peat Humification and AMS dates

The high-resolution peat humification record of core 
0962 provided a relative moisture record for ~8,790-
7,950 cal yrs BP (Fig. 4).  Particularly significant is 
the shift from low transmittance to high transmit-

Figure 2. A fence diagram showing stratigraphies of several cores. Cores being analyzed for this study include 0951 and 0962. 
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tance (more than a 30% shift in one centimeter) 
at 58 cm.  There are large oscillations in moisture 
from 58 cm depth until the top of the peat at 48cm, 
while the rest of the core is mostly low transmit-
tance.  One large spike at 104 cm reflects a layer of 
more well-preserved peat (indicating moister condi-
tions).  The entire story starts to get far more inter-

Table 1. Table of all AMS dates, including three dates from a 
preliminary study done by Kaufmann in 2004.  

Figure 4. Peat humification for site 0962.  Higher percent light transmittance indicates less humification, and therefore wetter 
conditions at time of growth. 

Figure 3. Core description for site 0962. LOI deviates from MS 
trends only within the peat. Peat humification is a measure 
of the percent light transmitted at 540 nm after following the 
Blackford & Chambers (1993) protocol.   
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esting when you add the complexities of peat layers 
in other cores found at various depths, AMS dates 
of multiple transitions from till to peat and peat to 
gyttja (Table 1), and the occurences of historical 
subsidence events such as ice block melts or seismic 
activity. 

Using all the data available and drawing upon previ-
ous studies of climate history in the Kenai region, 
a potential scenario for lake level changes in Jigsaw 
Lake was developed as follows (see Figure 5 for 
visual stratigraphic reference):

   1. Within the basin, peat begins growing on top of 
the deglaciated terrain around 9340-70 cal yrs BP 
(basal date of peat in the northeast basin).  This was 
a relatively drier climatic period (Jones et al., 2009); 
however, high seasonality, snowfall, and glacier melt 
kept peat growing and well preserved during this 
time. The basal date of a fen surface peat core from 
the southern shore of the northeast basin (used for 
testate amoebae analysis by Edward Mitchell in a 

prior study) was dated to 9640 cal yrs BP. This peat 
showed no evidence of flooding, therefore the 1-2 m 
higher paleo-shorelines must have been formed prior 
to this date and lake level never again rose above this 
height (Ed Berg, pers. comm.). 

   2. The climate continues to get drier, and peat be-
comes more humified.

   3. At approximately 8,620 cal yrs BP (date of the 
peat-gyttja transition in core 0952), the kettle ba-
sin subsides by as much as 5m around the center 
of the basin (core 0952) due to a melting ice block 
(see geophysics analysis by Jessa Moser) or seismic 
activity (Dick Reger, personal communication).  This 
conclusion is based on geophysical data that shows 
evidence of slumping and deformation in lake sedi-
ments. Water fills in the depression and gyttja begins 
to accumulate directly over well-humified peat.  Peat 
continues to accumulate at the higher elevation sites 
(0957, 0958, 0962, and 0963).

Figure 5. Core stratigraphy fence diagram of sites 0958, 0957, 0952, 0962, and 0963. AMS dates provide a reference for correlation. 
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   4. Between 8500-8200 cal yrs BP, the climate be-
comes cooler and moister (Jones et al., 2009).   Peat 
humification analysis on core 0962 records a spike of 
moisture at  ~8520 cal yrs BP. 

   5. Due to increased precipitation, lake levels con-
tinue to rise.  Due to a melting ice block or seismic 
activity, the basin subsides again ~8480-8330 cal yrs 
BP along the northwestern shore of the lake, affect-
ing sites 0957 and 0958.  The peat is inundated with 
water, and peat accumulation stops at these sites.  
Peat continues to grow at sites 0962 and 0963 by the 
southeastern shore.

   6. Moist and cool climate continues to domi-
nate while rising water inundates peat at sites 0962 
and 0963 by ~7950 cal yrs BP.  Peat humification 
analysis of 0962 shows significant fluctuations in 
moisture during the last 10cm of peat accumula-
tion at this site (representing a 100-year time period 
of ~8050-7950 cal yrs BP).  These oscillations are 
likely recorded so well in this segment because the 
peat was close to the water table.  The oscillations 
have an approximately 30-year period between wet 
and dry precipitation regimes, which may be related 
to regional Pacific Decadal Oscillation (Wiles et 
al., 2004).  Though quantitative peat humification 
analysis was not carried out on core 0963, there is a 
visible stratigraphic shift from humified peat (drier 
conditions) to fibrous peat (wetter conditions) to 
lake sediment (even wetter conditions) to fibrous 
peat (lake levels must have dropped enough to grow 
peat again) and back again to lake sediment (it 
finally was too wet for peat to keep growing).  The 
appearance of gyttja between peats in this sequence 
is likely a record of a prolonged wet period.  At 
0963, the shallower site, this period was recorded as 
lake sediment, whereas it is recorded as a section of 
less-humified peat at site 0962 (depth is 45 cm below 
0963, so water must have fluctuated by less than 
45cm). 

   7. Lake levels continued to rise and wet conditions 
persisted until possibly ~5000 years BP, when Jones 
et al. make the case for drier climatic conditions in 
this region (2009). 

Though there are many uncertainties in the scenario 
suggested above, this possible scenario begins to 
unravel the complexity and possible causes of lake 
level changes over just 9300 years.  Glacial environ-
ments are highly dynamic, and the combination of 
basin subsidence and precipitation variation greatly 
affected lake levels.  The ice-block model of basin 
subsidence assumes that a thin lens of ice persisted 
under a lake-level high (1-2m higher shorelines) af-
ter initial glacier retreat, and in the post-glacial envi-
ronment under a thin layer of peat for about 10,000 
years.  Another explanation could be subsidence 
caused by seismic activity. In this scenario, slumps 
could be formed during liquefaction (Dick Reger, 
personal communication). In either scenario, it is 
remarkable that water level fluctuated by as much as 
13.4 meters depth over a relatively short time span, 
and that several meters could be due to subsidence 
of the basin. 

CONCLUSIONS
	
The paleohydrologic history of Jigsaw Lake is com-
plex as it combines three possible variables of melt-
ing ice blocks, seismic activity, and shifting climate 
and water budgets.  The high magnitude of lake level 
rises and falls indicate that the post glacial environ-
ment was extremely variable, both structurally as 
kettle basins were forming and climatically as pre-
cipitation was changing.  This study also illuminates 
the importance of acquiring a large distribution of 
cores and dates (even in just one basin of the same 
lake) in order to begin distinguishing various sig-
nals.  In many ways, it makes sense to have unrav-
eled a very complex climate history in the sediments 
of Jigsaw Lake.  Rather than distilling Jigsaw Lake 
sediments into a simple chronology of lake level rise, 
the range of data from this study have continually 
diversified the possible explanations.  Ultimately, 
lake level rose by over 11.4 m, but its path towards 
this point was not a linear progression. Core stra-
tigraphy and cross-correlation throughout the basin 
confirms a significant shift in lake levels, most likely 
caused by at least two major subsidence events, at 
least three large-scale shifts in precipitation re-
gimes on a millenial time scale, and further smaller 
decadal-scale fluctuations in precipitation patterns 
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that may be evidence of Pacific Decadal Oscillation.  
Further studies would benefit from examining more 
sediment cores and peat sections in nearby lakes to 
continue building a regional hydrologic timeline 
and narrow down the possible causes of lake level 
fluctuations. 
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