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Abstract

Glacial landforms in Barron County, Wisconsin, are the result of at least four glacial advances during the Pleis-

tocene Epoch (2.58 to 0.012 Ma). During the early Chippewa and Emerald Phases (Late Wisconsin Glaciation, +  Processed l—iDA.R mu!tipOint data using ArcGIS 1 O to gen?rate a terrain model of ] ,
31-17 ka), till of the Pokegama Creek and Poskin Members of the Copper Falls Fm. were deposited over till of the 90 km~ region (Fig. 2). The raw data has a point spacing of 3 ft and a root Figure 6. (A) Channel MC-1's

the River Falls Fm. (lllinoian Glaciation, >130 ka). These tills are all reddish-brown, sandy, and lithologically mean square error (RMSE) of 0.33 ft (Barron County LiDAR Project Report; Fig. 4). meandering shape, abrupt in-
very similar. Johnson (1986) was unable to map the location of the Emerald Phase ice margin using glacial cision, lack of modern water

geomorphology because these till surfaces do not display obvious glacial landforms in the field. Johnson . Visually analyzed the terrain using 3D analyst tools in ArcMap10. Created 3D catchment, and Sharp defini-

MC-1 (continued)

used Late Wisconsip lake .sc.ediment in jche northwgst—ﬂowing FourmiIeOCreek valley as evidence for thg Emer- models of select features in ArcScene10 to evaluate landform signatures on the tion are evidence for Late Wis-
ald Phase ice-margin position. In addition, Fourmile Creek makes a 90" bend, and Johnson (1986) attributed : — consin alacial meltwater
th . N . River Falls, Pokegama Creek, and Poskin till surfaces. 5N g
is to flow along the Emerald Phase ice margin. LiDAR data obtained from the Barron County Land Informa- dralnage.
tion Office was used to evaluate the early Chippewa and Emerald Phase ice-margin positions proposed b . : :
Johnson (1986). YRR Jnp PP ! . Compared the regional topography with LiDAR terrain data, orthophoto imag- Figure 6. (B, C, D) LiDAR-derived
ery, and contour maps to search for primary glacial landforms and to compare cross-sectional prqﬁles a.nd Figure i
High-resolution terrain models have been generated using the LiDAR data. The point spacing of the data is the geomorphic expression of the River Falls, Pokegama Creek, and Poskin till 5 show that the .m|d5eCt!0n of the
about 3 ft, and compared to ground truth points, the root mean square error (RMSE) of the survey is 0.33 ft. surfaces. channel is one sided, so ice
Even with LiDAR'’s high resolution, primary glacial landforms are lacking on till surfaces in the 90 km? study formed one wall of the lateral R _
area. . Used ArcMap’s 3D analyst tool to generate longitudinal and cross-sectional vrcaetlz\:vf?gev\r/ ig\?v r;?gltigdeg;¥e(éted B. yw  WesternChannel o /C. |y MiddleLateral M“-‘""‘“‘*:"‘a““‘" sD. nnw  EasternChannel SSE
1 1 H ; 1,170 _— 1,155 =
However, ArcMap’s 3D analyst tools and ArcScene’s 3D visualization capabilities reveal three distinct fluvial profiles of select fluvial features to evaluate modern drainage (Fig. 6). yellow dot) rather than down the Emss- | 3 | E 1,140
channels incised in the Poskin and Pokegama Creek till surfaces. Longitudinal apd cross-sectional profiles modern northerly slope direction. £ 1,100 s /_},4-— = |
were generatec;l to study channel morphology. These meltwater channels are sinuous, 900 to 1000 ft Iong,. . . . . _ . . . Cross sections to the west and %‘-155 “"‘xﬁ‘t A 7 g M
and reach maximum depths of 20 ft. They are different from modern channels because they cut across drain- | ¢«  Field-checked the glaciofluvial landforms discovered using LiDAR data in April east (B, D) reveal a two-sided S \ 7 T Transect 3 sl
age divides, are sub-parallel to the land contour in some places, and typically appear abruptly on the land- 2011.The distribution of glacial landforms was compared to the proposed ice- channél <0 meltwater was not ::::w\ / /] -8 || Uoe-ad [ .
scape with little area for water catchment. Channel MC-1 is an example of a lateral meltwater channel margin positions of Johnson (1986). ! ‘v flowi di t10 th msw“ / 5 <l ¥ |
formed during deglaciation from the early Chippewa Phase ice maximum. Overall, these channels are evi- necessarily Towing adjacent to the ik | e 0 S 10 150 200 260 30 %0 40
dence for a younger, less-modified landscape impacted by the Late Wisconsin Glaciation as compared to the ICE€ Margin in those locations. C0 M0 20 300 40 500 600 700 Bbal mi:l ::::Tm‘:: bl Cross section widith ()
River Falls Fm. till surface from the Illinoian Glaciation which lacks fresh glaciofluvial and glacial landforms. T

LiDAR data did not reveal a sharp landform-assemblage difference between the Late Wisconsin and lllinoian
till surfaces. m

Source(s)
Glaciation

Age (ka)

Introduction

Figure 7. (A) A 3D view of MC-1 looking
west up the slope of the meltwater chan-
nel (VE 4x). Arrow indicates the modern
land-surface slope to the northeast. (B)
Schematic diagram illustrating the for-
mation of MC-1. Meltwater was forced to
flow east (blue arrows) because glacial
ice along the north bank prevented flow
down the land-surface slope.

04 | Till of the Poskin Mbur.
- Y | Copper Falls Fm.

The glacial landforms in Barron County, western Wisconsin, are the result of at least £ Il oot Dwgg}g'éﬁzﬁ,%ﬁﬂwish
four glacial advances during the Pleistocene Epoch (2.58 to 0.012 Ma) (Johnson, 1986; R Al P 0 Tt
Syverson and Colgan, in press; Fig. 1). Sediment in Barron County consists mainly of gla- O opper Ealix Faoma Creelk Mbr.
cial tills of the River Falls Formation (lllinoian Glaciation, >130 ka) and the Copper Falls | [S£7]'6 @ | Does not display well-developed primary
Formation deposited during the Late Wisconsin Glaciation (31-17 ka, Syverson et al., ot 3E¥$alzftﬁmpt?m?éﬁ!jhy’ YRl RN
2011). During the early Chippewa and Emerald Phases, till of the Pokegama Creek and S _
Poskin Members of the Copper Falls Fm. were deposited over till of the River Falls Fm. SSOEMENEE Tl of the River Falls Fm.

9 Does not display primary glacial

(Figs. 2, 3). These tills are all reddish brown, sandy, and very similar lithologically. S5 topodraphy,vellowish fed fo-dark
“| brown, sandy, up to 10 m thick.

Mc_z Channel MC-2, 0.2 mi north and 0.4 mi west of the intersection of 11th St. and State Hwy. 25, 2 mi SW of the City

1P Areaglaclaed durin lst part o Wisconsin lacaton e - ) of Barron. The channel (in two segments) is 1,000 ft long, up to 15 ft deep, and is incised in Pokegama Creek till.
Figure 1. Phases Of glaCIatlon h ‘P Ezﬂrﬂe}c;jn:;;;;between about 35,000 and 11,000 years - . ) 7 :::LEEi?'L?L{Ei;?I?é"r:‘EJ:.EGf thE HEI‘SEY
. . : c® / . . . . .
Enaprgﬁf&eggr:/t\/lsgf;;g gg)dlce_ Bl - ] e omcntroro som et 525 Ui = Pierce Fm. The origin of this channel MC-2 is more complex than that of MC-1. However, MC-2
margin positigns in Barron . MER ﬁ? .0 ] Loamy. gray, calcareous till and thinly displays abrupt incision at the channel head with minimal water-catchment area (Figs.
County are from Johnson of o VTP T o “& |5, 40| Iake sediment, 035 m thick, 8, 9). The two segments of this channel must have formed quickly as land-surface hills
(1986, ZO(J(l)(E).ThelgaPrlhy Chip- e [NV o A B ::'5,:::‘,*;';': AR S o A e e P Figure 4. Digital elevation models (DEMs) for emerged during deglaciation (Fig. 8).
wa and Emer mar- - — PR P S e o - . - i ) ) i i
Fg)iensaarae the mea%r focazeof t?\is T T ket T T o= v Figure 3. Glacial lithostratigraphic units depos- the same area genera’;\ed ﬁsmg different data B c TR RATER
StUd MOdiﬁederom S verson Direction uflastglacial-_-g % . \ :‘ y: q.i : = ..-“ q Ited in western WisconSin by the Superior (Sup)' ST, (A) Topog.rap de Owr(]j USIng a30 rr) . : j Formation catics .
nd % lgan (in press) Y Yl W | el e S AR ; Chippewa (Ch), and Keewatin (northwesterly USbGS DEM. (B)'IA‘L.'DAR' er;ve %EM' b'DARS =W of MC-2 e

and Colgan (in press). - Glaciermar = . Y 4 provenance) lobes. Vertical scale is approxi- ZIL'J —hmetgr fﬁjs,o u?on gvga > roa dS an \

., 3 My SO =" S ' mate. The River Falls, Pokegama Creek, and Itc es,” uiiding roun qtlolns,an Crop rows . orhaticn

ey ¢ o et B £ o Poskin till units are very similar lithologically. ;‘:%? sr:?saregzgre\eljir]D?A%yiF;Iicjejl()£cr>r}giezatceDEl,}ABtle

Johnson (1986) was unable to map the location of the Emerald Phase ice margin Modified from Syverson and Colgan (in press). glacial landforms that cannot be resolved in

using glacial geomorphology because the till surfaces do not display obvious glacial the field or on maps and aerial photographs.

landforms in the field. Johnson used Late Wisconsin lake sediment in the northwest- | é O
flowing Fourmile Creek valley as evidence for the Emerald Phase ice-margin position B s
(Fig. 2). In addition, Fourmile Creek makes a 90° bend, and Johnson (1986) attributed S0 78 10 1860

. . g . . Figure 9. A 3D view of MC-2 lookin
1. Visual analysis reveals that the dendritic drainage pattern on the till surfaces of ST 2 w0 nogrtheast (VE 4x, yellow dots mark ?he
the River Falls Fm. and the Pokegama Creek Mbr. is better developed than on the

. : : : : two channel segments). The valley bi-
Poskin Mbr. till surface (Fig. 2). The younger Poskin Mbr. surface has been less Figure 8. (A) LiDAR-derived contour map showing channel MC-2 (green arrows) and the modern drainage (blue secting the different segments of chan-
modified by erosion.

this to flow along the Emerald Phase ice margin.

Recent advances in LiDAR technology have made the analysis of low-relief land-
scapes possible (e.g. Smith et al., 2006; Curry et al., 2010). LiDAR data has been used to
seek subtle glacial landforms to better delineate the early Chippewa and Emerald
Phase ice-margin positions proposed by Johnson (1986) (Fig. 2).

arrows). (B) As land-surface hills emerge from the melting ice, meltwater flowing northeastward incises a 15-ft- nel MC-2 was filled with ice when the
deep channel in Pokegama Creek Mbr. till. Water also flows over a drainage divide to the south and then eastward channel segments were forming (see
along the ice margin. The western part of channel MC-2 is rapidly abandoned as ice wastes down the land-surface Fig. 8B, C).

slope and exposes lower pathways for water flow. (C) Ice remains in pre-existing valleys as the ice wastes down the ’
slope. Pooled meltwater to the northeast crosses drainage divide and flows west along the ice margin into a small
lake. Water continues to flow southeastward along the ice margin (blue arrows). Both channels probably formed in
a matter of weeks, as observed by Syverson and Mickelson (2009) in Alaska.

2. Constructional glacial landforms are not observed on the River Falls Fm., Pokeg-
ama Creek Mbr., and Poskin Mbr. till surfaces even using the high-resolution LiDAR
data.

Conclusions

- LiDAR data do not reveal a sharp glacial landform-assemblage difference between the lllinoian and Late Wisconsin Glaciation till surfaces.
However, the older River Falls Fm. (lllinoian) and Pokegama Creek Mbr. (Late Wisconsin) till surfaces display a more pronounced dendritic
drainage pattern than the younger Poskin (Late Wisconsin) till surface.

3. Sharp relict drainage features have been discovered on the Pokegama Creek and
Poskin till surfaces, but not on the older River Falls Fm. till surface. Three meltwater
channels (MC, Fig. 2) are different from modern channels because they cut across
drainage divides, are sub-parallel to land contours in places, and typically appear
abruptly on the landscape with little area for water catchment. Two of the channels
appear to be lateral meltwater channels (e.g. Benn and Evans, 1998:336; Syverson
and Mickelson, 2009) and will be addressed separately below.

Barron County, WI

- ArcMap’s 3D analyst tools and ArcScene’s 3D visualization capabilities reveal three distinct fluvioglacial channels incised in the
Pokegama Creek and Poskin till surfaces. These channels are evidence for a younger, less-modified landscape impacted by the Late
Wisconsin Glaciation. The older River Falls Fm. till surface from the lllinoian Glaciation lacks fresh glaciofluvial and glacial landforms.

Channel MC-1, 0.6 mi south and 400 ft east of the intersection of
11 %2 Ave. and 16th St., 2 mi SE of the City of Barron. The channel is
2,000 ft long, up to 20 ft deep, and is incised in Pokegama Creek Mbr.
till (Figs. 5, 6, 7).

- The meltwater channels formed quickly (in several weeks?) as the Late Wisconsin glacial ice wasted.
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Figure 5. View looking north
along MC-1 cross-section F-F’
(Fig. 6). The land slopes consis-
tently away from the channel
bank in the foreground, so gla-
cial ice must have blocked
drainage to the north and de-
flected water flow to the east
(blue arrow). This is conclusive
evidence for a lateral meltwater
channel. Hiking day pack for
scale (red arrow). Photo taken 5
April 2011.
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Figure 2. Location of the study area relative to the proposed ice-margin positions of Johnson
(1986). (A) Ice-margin positions in Barron County and a LiDAR-derived elevation model of the 90
km? study area (enlarged). The dendritic drainage pattern is more pronounced on the River Falls
Fm. and Pokegama Creek till surfaces. Each “x” marks meltwater features discovered by LiDAR ter-
rain analysis. (B) Johnson (1986) used Late Wisconsin lake sediment and the 90° bend in Fourmile
Creek as evidence for the Emerald Phase ice margin.




