
Methods
In the field, we collected new higher-resolution 
bathymetric data from Swiftcurrent Lake, and a transect 
of three cores between the inlet mouth and a site 
published by Schachtman et al (2015).

In the lab, cores were run through through the Geotek 
multi-sensor core logger (MSCL) for bulk density, 
magnetic susceptibility, and non-contact resistivity (data 
not shown).  Cores were then split lengthwise, and one 
half archived and the other cleaned and digitally imaged.

After correlating the cores and building a composite core 
for each site in Swiftcurrent Lake, we conducted 
lithological descriptions including color, texture, grain 
size, and mineralogy, with the naked eye and using 
petrographic smear slides.

We also analyzed the composite cores for organic and 
inorganic content at continuous 2 cm intervals using 
loss-on-ignition (LOI).

Petrographic Smear Slides and Mineralogy
Mazama, Glacier Peak G, and Mt. St. Helens J tephra, diatoms, freshwater sponges and a variety of other types of plant matter, 
and silicate and carbonate minerals were found within the core samples at various depths and locations. The depth of the 
Mazama ash was used to determine sedimentation rates in the transect of cores from the area near the inlet. 

Using Lake Cores to Analyze Sediment Transport and Environmental Change in Swiftcurrent Lake, Glacier National Park, Montana

Abstract
Swiftcurrent Lake in Glacier National Park, Montana, is fed by both the Grinnell Valley and Swiftcurrent Valley 
watersheds, making it a complex depositional setting. Previous coring in the lake revealed a record spanning ~17,000 
years (Schachtman et al, 2015); interpretations of glacial history are complicated by a chain of lakes and streams between 
Grinnell Glacier and Swiftcurrent Lake that changes through time. In summer 2018 we collected a transect of cores in the 
southern subbasin of Swiftcurrent Lake along the delta formed by the inlet stream from Lake Josephine to better 
understand the pattern of sediment deposition over time. In addition, we made a limited number of water discharge and 
total suspended solids (TSS) measurements to understand the current magnitude of hydrologic and sedimentologic 
contributions to Swiftcurrent Lake. 

In all three Swiftcurrent Lake cores we collected the Mazama ash (7.7 ka), and the longest core contained the Glacier Peak 
G ash (13.55 ka) and Mount St. Helens J ash (13.87 ka) (Schachtman et al, 2015). The Mazama ash occurs at different 
depths in each core in the transect, and shows that sedimentation rates are variable across the inlet despite similar water 
depths. Hiatuses are also likely in these sequences. In the last 7.7 ka, total sediment accumulation was greater at the distal 
end of the delta, suggesting the bypass of some sediment into deeper water. Preliminary observations suggest coarser 
sediments are deposited closer to the inlet, with finer grained material transported farther out into the lake. Smear slides 
show an increase in grain size from clays dominating sediments older than the Glacier Peak G/Mt. St. Helens J ashes to 
coarser sediment in the upper ~2 m of the cores. Preliminary estimates of water discharge coming from Lake Josephine 
show more water enters Swiftcurrent Lake from Grinnell Valley than that from Swiftcurrent Valley, but TSS 
concentrations are lower in the Grinnell Valley discharge. This pattern has implications for depositional records in the 
northern subbasin of Swiftcurrent Lake, which receives water and sediment from both valley systems.
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Introduction and Field Site
This 2018 study is a continuation of a larger research project which started in 2004 concerning environmental change 
and geomorphology of the Swiftcurrent and Grinnell Valleys. Past projects have involved undergraduates coring and 
analyzing sediment transport of these valley systems to better understand climatic changes that have taken place over 
this near-pristine landscape. Through tracking abundances of carbonate sediments deposited in Swiftcurrent Lake, we 
can infer of changes in climate that have affected the environment of Glacier National park. This 2018 study is a 
Gateway Keck project for undergraduates who have not had geology research experience, but have interest in 
pursuing a degree in one of the STEM fields. In this study, the group cored up to 5m into the sediment of Swiftcurrent 
Lake to further understand local environmental change.  
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Fig. 1 (above). Inset: Glacier National Park, 
Montana is located near the U.S./Canadian 
border on the eastern edge of the Rocky 
Mountains. Main: Overview of the two 
valleys and chains of lakes of the study area. 
Bathymetry shown in blue shading, and 
locations of coring sites shown as dots.  
Yellow dots represent coring sites from 
summer 2018; green triangles show TSS 
sampling sites. Orange triangle is water 
discharge and TSS sampling site.  Flow 
direction of water shown in red arrows; cores 
from the southern subbasin of Swiftcurrent 
Lake receive water and sediment from 
Grinnell Valley only.

Fig. 3 (right). Geologic map of the Swiftcurrent and 
Grinnell valley systems, with basins outlined in black. 
Note pink colors represent carbonate rocks (primarily 
dolomite) in the highest elevations, with siliciclastic 
argillites dominating the valley floors and lower 
elevations. Lake elevations noted on map. Grinnell Valley 
is 36 km2 in size, and Swiftcurrent Valley is 44 km2. Both 
valleys supply water and sediment into the northern 
subbasin of Swiftcurrent Lake.

Fig. 4 (left). View of coring 
craft on Swiftcurrent Lake.
Top left to right: Liz Atalig, 
Bonnie Page, Jacob Watts.
Bottom left to right: Amy 
Myrbo (project advisor) and 
Joshua Stephenson.

Fig. 2  (left). Eight undergraduate 
research students at LacCore Lab.  
Bottom left to right: Bonnie Page, Diala 
Abboud (peer mentor), Liz Atalig, 
Middle row left to right: Liza Moore, 
Joshua Stephenson, and Jacob Watts. 
Top row left to right: Anna Pearson and 
Etienne Chenevert 
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Fig. 7 (above). Bathymetric map of Swiftcurrent 
Lake showing 2018 and previous coring locations

Bathymetry
● Swiftcurrent Lake has two sub-basins separated by a sill; the southern 

(upstream) subbasin drains only the Grinnell Valley, and a stream from 
the adjacent Swiftcurrent Valley enters just below the sill.  

● New detailed bathymetry collected in this project helps us understand 
where sediment is being trapped in Swiftcurrent Lake.

● In the southern sub-basin, water was deepest at the southern margin of the 
lake near where the inlet stream from Lake Josephine enters. This may 
suggest that large discharge events scour sediment near the inlet.

● Lakes in the Grinnell Valley are substantially deeper than those in the 
Swiftcurrent Valley, and are therefore likely to be better sediment traps.

Fig. 8 (left): Bonnie Page 
(back) and Liz Atalig 
(front) collecting 
bathymetric data from the 
inflatable kayak using a 
depth finder with GPS 
location that took a 
reading every 15 seconds 
while we paddled back and 
forth across the lake.  This 
dataset was then brought 
into GIS by Catherine 
Riihimaki and contoured 
to produce the bathymetric 
maps shown in figures 7 
and 16 and the depth 
profiles shown in figure 
17.
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Discussion
We calculated average sedimentation rates from the top of the Mazama tephra (7630 BP) to the present. 
From proximal to distal from the inlet (sites 1-3, respectively), those rates were 0.19, 0.41, and 0.52 mm/yr. 
The average sedimentation rate for the Schachtman et al (2015) core, farther from the inlet (Fig. 16), is 0.59 
mm/year.

Sedimentation rates increase with distance from the inlet (Figure 18), which was surprising: we originally 
hypothesized that more transported sediments would be deposited closer to where the stream enters the lake. 
This finding, suggests that the inlet stream is eroding as well as depositing sediment, and that some 
transported sediment may bypass the delta entirely, especially during high water discharge periods. 

Fig. 5 (above): Students Liz Atalig (far left), Liza Moore (left), Jacob Watts 
(right) analyze core data with the help of Dr. Myrbo.

Fig. 6 (above):  (left to right) Anna Pearson, Etiemme Chenevert, Joshua 
Stephenson, Diala Abboud, Liz Atalig, Jacob Watts, Liza Moore, and Bonnie 
Page pose for a photo on the Iceberg Lake hike on a snow patch.

Fig. 9. Sample of core 1 at 47.5 cm 
displays a carbonate grain 
(probably dolomite) under 
cross-polarized light.

Fig. 12. Strong pink laminations in 
core 3 display small grain size and 
high carbonate mineral presence.

Fig 10. Sample of core 1 at 134.2 
cm contains fragments from the 
Mazama ash unit and some diatoms

Fig. 11. Sample of core 3 at 59 cm 
has volcanic glass from Mazama 
ash from shallower depth

Swiftcurrent Lake Cores
● Cores were taken at three sites moving out from the delta of the inlet stream into Swiftcurrent Lake from 

Lake Josephine (Fig. 16, below)
● Cores reached depths in the sediments that ranged from 1.5-5m, with overlapping cores completed at each 

site to control for error and cover gaps between drives.
● While radiocarbon dating has not yet occurred, previous work and the presence of tephras (Mazama, 7.6 ka; 

Glacier Peak G, ~13.6 ka; Mount St. Helens J, ~13.9 ka) provide preliminary sediment ages.
● Sites 1 and 2 met refusal and bottomed out in the Mazama tephra, while at site 3 the Mazama was collected 

along with early Holocene and late Pleistocene sediments.
● Percent organic matter (measured by loss-on-ignition analysis, see Fig. 18 to the right) ranged from 3-15%, 

with little variation between cores and a slight trend towards decreasing percent organic matter with depth in 
all cores 

● Site 3 appears to be the most complete record (fewest hiatuses) but due to the lower sedimentation rate 
compared to the well-dated core farther from the inlet (Schachtman et al 2015) (see Discussion), it is likely 
incomplete.

● These three transect cores provide an insight to the sediment storage of Swiftcurrent Lake by depicting the 
depositional environment at the inlet

123

1

23

3

Sc
ha

ch
tm

an
 e

t a
l.,

 2
01

5
M

ac
G

re
go

r 
et

 a
l.,

 2
01

1

Fig. 18 (right): Composite 
core images (stretched 
horizontally to better show 
color) and composition by 
loss-on-ignition (% organic 
and mineral material).Gray 
and white scale bars are 10 
cm.

Fig. 16 (above): Bathymetric map showing cross section A-A’ 
and location of 2018 coring sites

Fig. 17  (above): Water depth along cross section A-A’ in Swiftcurrent 
Lake showing location of cores 1, 2, and 3 marked with black lines

Fig. 19  (top left): Students (left to 
right) Jacob Watts and Joshua 
Stephenson collecting water 
discharge data at the inlet between 
Lake Josephine and Swiftcurrent 
Lake

Fig. 20 (top right): Bonnie Page 
preparing  LOI samples at 2 cm 
intervals

Fig. 21 (right): A grizzly bear and 
her two cubs walking past the 
water discharge and TSS sampling 
site at the inlet between Lake 
Josephine and Swiftcurrent Lake
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Fig. 13. mostly organic/biogenic  
composition consisting of diatoms, 
algae, sponge spicules, and other 
unidentified organic materials.

Fig. 14. Volcanic glass mixed with 
some heavy minerals

Fig. 15. Silicate minerals (mainly 
quartz and feldspar) under 
cross-polarized lighting.
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