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In January 2011, a 76 centimeter long freeze core preserving the 
sediment-water interface was collected from the deep part of Twin 
Lake (16.13 m) using an aluminum wedge �lled with an ethanol and 
dry ice slurry. The core (KUROP-TWTW11-6B-1F-1) was preserved frozen, 
prepared using a Bosch wood planer to smooth the surface, and imaged 
with a GFZ CoreScan digital line scanner. High-resolution image analysis 
was performed to discern the relative composition of the sediment using 
the freeze core image. Petrographic thin sections of the freeze core were 
prepared using Spurr’s epoxy resin to embed the sediment, which was 
subsequently imaged with a �atbed scanner to capture high-resolution 
detail in the thin sections. Smear slides were taken from the core to 
examine the composition of individual laminae and used to develop a 
composition comparison with the results of the image analysis. To 
develop an age chronology for Twin Lake, the varves of the freeze core 
were counted, based on the assumption of a light and dark couplet 
comprising one year of sedimentation, and compared to a 210Pb 
chronology of two previous cores (Engstrom et al., 2007).

Methods

Twentieth century varve formation in urban Twin Lake, Golden Valley, MN: Evidence for deposition of multiple laminae per year 
Kelsi Ustipak and Amy Myrbo

Twin Lake is a small, deep lake with a surface area of 8.5 hectares and a maximum depth 
of 16.6 meters with a mean depth of 7.8 meters. The lake is bordered by Wirth Park on the 
east and by luxury housing developments on the western shore; to the North, a small inlet 
connects Twin to neighboring Sweeney Lake. Cores from Twin Lake have been studied 
previously, resulting in a lead-210 dated surface core, a North-South transect of cores, and 
a freeze core. The freeze core preserves �ne-scale sediment lamination and an intact 
sediment-water interface. Sediment dating reveals that up to 1 cm of sediment accumu-
lates annually in Twin Lake. The color, thickness, and composition of the millimeter-scale 
laminae vary dramatically, suggesting that past conditions in the lake varied signi�cantly 
and that multiple laminae are deposited each year. To understand why the lamination 
varies on an annual basis, we performed a high-resolution compositional study of the 
sediment to classify and de�ne one year of sedimentation in Twin Lake. 
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LOI Data from 1997 Twin Lake Core (Engstrom) 
(4 cm resolution)
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LOI Data from 2008 Twin Lake Core (Myrbo)
(2 cm resolution)
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Using the Rock Lab facility at the U of M 
Earth Sciences Department, the 
epoxy-embedded freeze core slabs were
cut down and polished into thin sections. 
The angle of the thin sections preserves laminae across 
each slide so they may be easily matched between sections.

2008 Piston Core (Myrbo)
CLW4-TWTW08-3C-1P-1 & 
CLW4-TWTW08-3C-1P-2     

2010

2000

1990

1980

1940

1950

1960

1970

1870

1910

1920

1930

1880

1890

1900

1860

1963

1971

1977

1982

1987

1994

1997

2005

2010

2011 Freeze Core (Ustipak)
KUROP-TWTW11-6B-1F-1
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1977

Thin black detrital layers: Fe oxide, 
pyrite or magnetite (11), fine pyrite or 
greigite (12), carbonized soil OM (13), 
vascular plant debris, angular siliciclas-
tics, phytoliths

NORMAL LAKE SEDIMENTATION

TURBIDITE STYLES

1982

Algal organic matter, (1) authigenic 
calcite (2), Phacotus (calcareous alga; 
3), diatoms (4), fine silt sized siliciclas-
tics (5)

1
2
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5

Predominantly large, rhombic authi-
genic calcite crystals; some pyrite (6)

Predominantly smaller, rhombic to 
irregular calcite crystals and Phacotus 

6

Easy to recognize as turbidite in core 
face: coarse texture, clay cap. Shallow-
water calcite forms (7), Fe oxide (8), 
many phytoliths (9), vascular plant 
debris (10)

7

8
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13

Clastic-dominated detrital layers: fine 
silt and clay, vascular plant debris, 
broken diatoms, phytoliths 

Bloom of small centric diatoms

AUTHIGENIC CALCITE DEPOSITION

Turbidity currents can also drive algal 
production by disrupting the stability of 
the P-rich monimolimnion and causing 
advection of P into the epilimnion:  

Avg L* ------ 23.70
Avg a* ------- 6.59
Avg b* ----- 14.03
Avg L*:a*---- 0.45
Avg L*:b* --- 0.43
Avg a*:b* --- 0.95

Avg L* ------ 27.67
Avg a* ------- 6.78
Avg b* ------16.27
Avg L*:a* --- 0.52
Avg L*:b* --- 0.48
Avg a*:b* --- 0.93

Avg L* ------ 42.18
Avg a* -------- 9.11
Avg b* ------ 26.97
Avg L*:a* ---- 0.78
Avg L*:b* ---- 0.69
Avg a*:b* ---- 0.88

Avg L* ------- 26.99
Avg a* -------- 7.28
Avg b* ------ 18.84
Avg L*:a* ---- 0.51
Avg L*:b* ---- 0.47
Avg a*:b* ---- 0.92

Avg L* ------- 36.17
Avg a* -------- 8.88
Avg b* ------ 18.59
Avg L*:a*----- 0.67
Avg L*:b* ---- 0.63
Avg a*:b* ---- 0.93

Avg L* ------ 57.37
Avg a* -------- 7.42
Avg b* ------ 25.21
Avg L*:a* ---- 1.08
Avg L*:b* ---- 0.95
Avg a*:b* ---- 0.88

Avg L* ------ 56.64
Avg a* ------- 9.40
Avg b* ----- 31.14
Avg L*:a* --- 1.05
Avg L*:b* --- 0.90
Avg a*:b* --- 0.86

Avg L* ------ 27.76
Avg a* ------- 8.03
Avg b* ------ 18.84
Avg L*:a* ---- 0.52
Avg L*:b* ---- 0.48
Avg a*:b* ---- 0.92

Avg L* ------ 21.36
Avg a* -------- 6.44
Avg b* -------14.01
Avg L*:a*----- 0.41
Avg L*:b* ---- 0.38
Avg a*:b* ---- 0.95

CIE L*a*b* Color Analysis
A color analysis of the digital core image can establish
a relationship between the color of a sedimentary
layer and its composition. Adobe Photoshop was used
to perform the analysis, yielding approximate color
values. The diagram below demonstrates how data 
extracted from the core is evaluated on three axes of 
color ranges. Bright, white layers will be re�ective and 
give high L* values. Layers which are dark will give low 
L* values.  Greenish layers give low a* 
values and yellow layers give high b* 
values. Red colored layers give high a* 
values and blue colored layers give
low b* values. Ratios of L*a*b*
also indicate relative color dominance
within a lamination.
Image courtesy Hunter Accociates Laboratory

Graphs of the L.a.b. data
are superimposed on the
freeze core image to show
the relative high and low
values of each color scale.

Results & Discussion: Sedimentary Lithology
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The freeze core image to the left contains two sets of chronologies. In orange is 
the initial chronology based on counting couplets of varves, one light colored
spring lamina and one dark colored winter lamina. The white dashes on the freeze
core image mark the dark laminae, which should represent a winter season in
which organic matter and �ne particulate matter settle through the water column 
due to ice cover on the lake. This couplet-based chronology indicates that the 
Twin Lake sedimentation rate is approximately an average of 4 mm/year since the 
horizon noted in orange as the year 1860.

In green is the chronology adapted from an age-model developed by comparing
loss-on-ignition data and sedimentary lithology from a 1997 LOI-analyzed and 
lead-210 dated piston core (Engstrom), a 2008 LOI-analyzed piston core (Myrbo), 
and a 2011 freeze core (Ustipak), which is the focus of this study. Compositional
similarities between Engstrom and Myrbo piston cores are visible in the LOI data,
particularly the sharp increase in siliciclastic material recorded at ~60 cm depth
and the overall increase in carbonate composition past 100 cm depth. The tight
correlation of LOI data from the piston cores allows for the lithology of the freeze
core and Myrbo’s piston core to be compared, thereby creating an extrapolated
chronology from the lead-210 dates provided by Engstrom. The result shows that
Twin Lake accumulated nearly 1 cm of sediment annually since the early 1900’s.

By looking at the green chronology on the freeze core image to the left, it is 
evident that multiple laminae are deposited each year in Twin Lake. We suggest
that the sedimentation in Twin Lake was greatly a�ected by construction on the
slopes surrounding the basin. By examining aerial photos (see Aerial Timeline), it 
is possible to see that between 1956 and 1967, a hospital was built on the eastern
blu�. Construction likely poured material down the steep slope into the lake, caus-
ing a turbidity current to entrain in-situ shallow water sediments which were carr-
iedto the deep center of the lake and deposited as a clastic turbidite (45.5 cm-50 
cm). This same turbidite deposit is present in all surface cores taken in Twin Lake, 
suggesting the turbidity current a�ected the whole basin. Between 1967 and 1991,
the area surrounding Twin on the Northwest and East was developed into luxury 
housing. Construction from these ongoing developments is partially responsible
for the sedimentation seen between 10 cm-33cm. Reports on internal phophorus
(P) loading suggest that small disruptions to the hypolimnion redistribute P into 
the water column, encouraging algae (diatom) productivity (BCWMC, 2011). 
Regular in�ux of turbidity currents to the anoxic sediment-water interface 
would simultaneously deposit a turbidite and precipitate small algal blooms.

Nine smear slides were taken from an isolated segment (25 cm-29 cm) of the freeze core.
The L*a*b* graphs on the freeze core image to the left show abrupt amplitude spikes on certain 
laminae from this interval. Images of the slides were captured with
a petrographic microscope to
see the composition of the 
sediment in discrete lamina.
L*a*b* values were averaged at
the pixel-scale from the digital
core image to discern the exact
values of the sampled laminae. 
Based on the smear slide comp-
osition, color on the surface of 
the core, and L*a*b* values, it is 
possible to extrapolate the 
approximate composition of 
laminae down the whole core.

NORMAL LAKE SEDIMENTATION
This style of background sedi-
mentation is characteristic of
dark brown to tannish-brown
laminae, which are abundant in 
the upper 50 cm of core. Colonial 
diatoms (pictured, 4) indicate
high productivity in the lake.
The L*a*b* values between the two laminae
sampled are nearly identical, indicating that 
these values are absolutely correlated to the normal sedimentation style in Twin Lake. If these 
values are found elsewhere in the core, we can expect the related laminae to be composed of 
algal organic matter, authigenic calcite, algae, and �ne fraction siliciclastic material. 

AUTHIGENIC CALCITE DEPOSITION
The most visually distinct laminae are bright white-yellow in color and composed almost entirely of authigenic calcite. These light colored
laminae occur regularly as a result of seasonal summer calcite blooms. The L*a*b* values of the two sampled laminae show that calcite layers
have characteristically high L* values due to their whiteness and high b values due to the yellowish color. The ratios of L*:a*, L*:b*, a*:b* are 
nearly identical. Therefore, L*a*b* values of the magnitude listed above for authigenic calcite deposits should be consistent through the core.

TURBIDITE STYLES
The core is abundant in small turbidite layers, which are gray-brown in color and have a visually coarser grain size than other laminae. The
turbidites �ne upward. The coarse layer has an L*=36.17 while the black clay caps have L*=21.36, L*=23.70. The ratio of a*:b* is the most 
consistent value between the sampled turbidites (a*:b*=0.95). However, this a*:b* value is similar to the Normal Lake Sedimentation a*:b* 
ratio. Turbidite layers do not have characteristic enough values to distinguish them from the rest of the core based on color analysis alone.

One year of sedimentation in Twin Lake includes layers derived from spring 
diatom blooms, summer calcite blooms, and winter organic layers; all of 
these layers are interspersed with normal background sedimentation. At
times when the catchment around Twin sees frequent construction, regular 
turbidites also make a signi�cant contribution to annual sediment layers. 
Anoxic bottom waters allow for superb preservation of sediment structure,
which makes high-resolution digital image analysis an excellent method
for discerning the relative composition of sediment. The results of the L*a*b*
analysis and smear slide analysis con�rm that lamina color is a direct conse-
quence of sediment composition. Sedimentation within Twin Lake varies 
and is a�ected by anthropogenic �uxes to the lake system as well as by 
internal nutrient loading. The chronology adapted from lead-210 data 
reveals that high sedimentation in Twin results from additional sediment 
input from anthropogenic sources, like land development. Further investi-
gation into Twin Lake sedimentation could explore the relationship between
the sources of nutrient loading and its direct e�ect on productivity of certain
diatom species and other algae. A future study may also look to develop a 
chronology and sedimentary history for the natural state of the lake prior to 
any human settlements in the region (circa 1840). 
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Images of scanned thin sections are lined 
up with the freeze core to show the 
approximate depths to which they 
correspond. 

The high water content of the core
made petrographic examination of
thin sections near impossible. They
were not used in this study.

A Bosch wood planer  
gradually removes 
material from the core 
surface so it is smooth. 

The freeze core is 
imaged on a GFZ 
CoreScanner. To 
keep the core frozen 
while the lights are 
on, dry ice is placed 
beneath the foil.

To prepare the freeze
core for imaging, 
the rough surface
must be smoothed.

L A C C O R E
National Lacustrine
Core Facility 

LacCore.org

Note: Core image is stretched 
horizontally to exaggerate the 
sedimentary lithology. Also, the 
top several centimeters are missing 
from this freeze core, an artifact of 
core collection. 


