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Swiftcurrent Lake in July 2010 at a water depth of 
10.76 m using a drive rod surface corer (detailed de-
scription: http://lrc.geo.umn.edu/laccore/muck.html).  
The core was encased in 7-cm diameter polycarbonate 
tubing, and was extruded vertically in 0.5 cm incre-
ments in the field.  

Core Preparation

Initial core description was conducted at the National 
Lacustrine Core Facility (LacCore) at the University 
of Minnesota, Minneapolis.  The extruded Swiftcur-
rent samples were described using smear slides, and 
were subjected to loss-on-ignition analysis to deter-
mine organic C content.  Each increment was also 
subsampled and freeze-dried for further geochemical 
analyses.

Figure 2.  Bathymetric map showing core location of 
GNP-SWF10-7A-1P-1, as well as the extent of develop-
ment in the region. Yellow areas indicate roads and paved 
surfaces, while red areas indicate campgrounds and lodg-
ings.

 
Figure 3.  Geochemical results for GNP-SWF10-7A-1P-1 over the last 160 years.  (a) Percent carbon (b) percent nitrogen 
and (c) percent sulfur versus depth as determined through ECA;  (d) Carbon-nitrogen and (e) carbon-sulfur ratios versus 
depth;  (f) δ15N and (g) δ13C abundances versus depth. Overlaid are dates corresponding to potential anthropogenic 
influence in the Park.
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Geochemical Analyses

Sediment composition was assessed at Franklin and 
Marshall College using a Costech ECS 4010 Elemen-
tal Combustion Analyzer, as outlined on the F&M 
College website (www.fandm.edu/earth-and-environ-
ment/elemental-combustion-analysis).  Each of the 82 
samples were analyzed, with replicates at every fourth 
sample.

X-ray diffraction analyses (XRD) were performed at 
10 cm intervals to determine mineralogical changes in 
sediment composition, as outlined on the F&M Col-
lege website (http://fandm.edu/x7985). 

Isotopic analysis of the Swiftcurrent samples was 
conducted at the Stable Isotope Laboratory at the 
University of New Hampshire (Durham, NH).  The 
samples were analyzed for δ13C and δ15N abundances.  
Lead-210 age dating was completed by the St. Croix 
Watershed Research Station, MN.  A Bayesian age-
depth modeling program, Bacon (Blaauw and Chris-
ten, 2010), was used to establish an age-depth model 
using the 210Pb data, indicating that the core represents 
160 years of sedimentation.

RESULTS

The results of the XRD and smear slide analyses 
revealed the core to be relatively clastic-rich and dia-
tomaceous, with little bulk compositional variation.  
The samples indicated the sediment consisted primar-
ily of clay minerals (e.g. illite) and quartz.

Figure 3 shows the geochemical trends found in core 
GNP-SWF10-7A-1P-1.  Both total percent carbon and 
total percent nitrogen show a close covariation in their 
trends, with significant fluctuations in the upper sedi-
ments that decrease with depth.  Total sulfur content 
displays much more dramatic fluctuations throughout 
the length of the core, and indicates a slight increas-
ing trend with depth until leveling off at ca. 1910.  
A sharp decrease in sulfur content corresponds to 
an increase in the carbon-sulfur (C/S) ratio at 1995. 
Carbon-nitrogen (C/N) ratio data indicate at the pos-
sible source of organic matter within the Swiftcurrent 
Lake watershed.  C/N shows a gradual increasing 
trend with depth throughout the entire core, with a 

distinct spike ca. 1964.  

Both δ13C and δ15N levels remain essentially constant 
for the oldest ~100 years on record before displaying 
significant variation towards the surface of the core.  
The largest spikes in the δ1 3C record correspond to 
dates around 1967 and 1995, with more muted re-
sponses in the nitrogen data.

Table 1. Brief History of Development at Swiftcurrent 
Lake. Information gathered from “Many Glacier Hotel 
Historic Structure Report,” USGS stream gauge data, and 
NPS.gov/glac. 

Year Natural or Anthropogenic Stressor 
 

1910 
 
Glacier National Park established as 10th national park 

1911 Roads built to Many glacier area 
     Visitation: 4,000 

1914 Construction of Many Glacier Hotel  at Swiftcurrent Lake 
begins 

1934 Cabins and campgrounds added north of the lake 
1936 Heaven’s Peak Fire burns 14,000 acres 
1940 Shower facilities installed in campgrounds 

     Visitation: 177,307 
1955 Swiftcurrent Motor Inn constructed 
1964 June 8, major flood event (6700 cfs) 
1974 June 20, major flood event (3310 cfs) 
1995 June 7, major flood event (3150 cfs) 
2010 Centennial Anniversary of Glacier National Park 

     Visitation: 2.2 million (record) 
 

Figure 4.  Distribution of organic matter sources by 
composition. GNP-SWF10-7A-1P-1 samples shown in red. 
Figure adapted from Meyers (1999).
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outliers corresponding to the 1964 and 1995 floods.

The extent to which geochemical variations in the 
sediment record can be attributed to human influence 
is still a matter of debate.  There is evidence to sug-
gest that anthropogenic stressors may act synergisti-
cally to compound the effects of natural variations in 
lake chemistry (Wolfe et al, 2001).  Yet much is still 
unknown about how processes like diagenesis or sea-
sonal variations may also affect the trends we observe 
in the sediment.  Further investigation of both Swift-
current Lake and less impacted areas from up valley 
could help determine the true cause of environmen-
tal perturbations at Glacier National Park, and will 
provide useful insight to the impacts humans have on 
alpine lake systems
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