
Note on correlation with adjacent surficial geology maps

Units Qbk and Qbm on this map are equivalent to units Qtc and Qtl, respectively, on the 
surficial geologic maps of the adjacent Two Harbors (Hobbs, 2003b), Knife River (Hobbs, 
2003a), and French River and Lakewood quadrangles (Hobbs, 2002).  This change was made 
in order to group the map units as lithostratigraphic units.  The upper elevations of the tills 
of the Barnum Formation generally rise to the northeast, although they also show local dips.  
The overall rise is expected, both because each ice sheet must have had a slope in order for 
the ice to flow, and because differential postglacial rebound warps originally flat lines, such 
as strandlines.  The local dips are generally correlated with steeper slopes where the surface 
till may have eroded from its original maximum position. 

The Barnum Formation ice margins cannot be accessed by roads on the Castle Danger 
quadrangle, so the elevations of these margins were interpolated from data points on adjacent 
quadrangles, especially the Two Harbors NE quadrangle directly to the north.

*Time–event classification follows Hansel and Johnson (1996).
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CORRELATION OF MAP UNITS
MAP SYMBOLS

  Geologic contact—Approximately located.
  Bedrock outcrop—Mapped by Boerboom and others (2003).
  Glacial striation—Arrow shows the direction of flow—from 

Boerboom and others (2003).
  Soil boring—Most borings are less than 20 feet (6 meters) 

deep.
  Material sample—Outcrop, roadcut, or construction-site exposures 

examined, described, and sampled during the course of 
fieldwork.

  Material description—Outcrop, roadcut, or construction-site 
exposures examined but not sampled.

  Record of water-well construction—Location of a water well 
for which there is a log prepared by a well driller.

Figure 1.  Matrix textures of glacial tills.
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DESCRIPTION OF MAP UNITS
QUATERNARY

HUDSON EPISODE*

 Qp Peat—Partly decayed organic debris accumulated in wetlands.  Typically underlain by the 
same material that surrounds it. 

 Qa Alluvium—Sediment of modern streams.  Channel sediment is mostly gravel, with a lesser 
amount of sand, over a lag of larger rocks.  Little overbank sediment was observed, 
mostly sand and silt.  Although common in nearly all streams, most alluvium on this 
quadrangle is too narrow to map at this scale.

WISCONSIN EPISODE: MICHIGAN SUBEPISODE

Glacial deposits

All the sediment of the Wisconsin Episode on this map was deposited by or in front of the 
Superior lobe, which advanced from the northeast to the southwest through the Lake Superior basin 
(Wright, 1972).  The rock clasts within the glacial deposits are chiefly derived from bedrock in the 
Superior basin.  The bottom of the lake basin is composed of Precambrian red clastic sedimentary 
rocks: sandstone, siltstone, and shale.  All of these are relatively soft and easily eroded.  The northwest 
side of the basin (known locally as the North Shore) is composed of a variety of Precambrian igneous 
rocks of the North Shore Volcanic Group and the Duluth Complex: red and black basalt, red rhyolite, 
and dark gray to black gabbro and diabase.  The igneous rocks occur as visible clasts over a wide 
range of sizes, from sand to boulders.  Red sandstone and siltstone occur as granules to cobble-sized 
clasts, but are also broken down into their constituent grains.  Shale is almost never seen as a clast, 
but breaks down to clay.

Clasts in the 1-2 millimeter fraction (very coarse-grained sand) were examined for their rock types.  
Samples from the Cromwell Formation (described below) contain only a few grains from outside the 
Superior basin, presumably from the Archean rocks of the Canadian Shield up-ice from the basin.  
These grains are predominantly granitic—quartz and felsic feldspar.  Paleozoic carbonate grains are 
extremely rare.  Some samples from the Barnum Formation contain a similar clast assemblage, but 
about half of the samples from unit Qbk and one third of the samples from unit Qbm contain a few 
Paleozoic carbonate grains.  The samples that contain primary carbonate grains also contain a higher 
proportion of granitic grains, which suggests a common source outside the Superior basin (because 
the Barnum Formation is calcareous in the fine-grained fraction, many samples contain grains of 
secondary carbonate).

Most of the relief on the North Shore (other than the general slope toward the lake) results from 
differential erosion of the bedrock, probably during many glaciations.  Diabase sills are especially 
resistant and typically stand out as ridges.  All of the till sheets in the area are thin compared to the 
bedrock relief, and are draped over the bedrock topography.  Thickness is greatest over bedrock lows 
and least over bedrock highs.  There are no moraines or other constructional landforms.

Total drift thickness measured in water wells is typically 20 to 30 feet (6 to 9 meters), but there 
is an area of thicker drift along the shore on either side of the mouth of the Encampment River where 
depths can reach over 70 feet (21 meters).  Bedrock outcrops are conspicuously absent from this 
part of the shoreline.  Most of the modern stream valleys appear to have been cut by the streams 
that occupy them, typically through the soft Barnum Formation and into the Cromwell Formation 
and underlying bedrock.  However, some of the deeper valleys appear to have existed before the last 
glaciation.  The Crow Creek valley, for example, is much deeper than the average thickness of drift, 
yet till is exposed in several places near the bottom.

  Barnum Formation (Wright and others, 1970)—Composed chiefly of silt and clay; stratified 
silt and clay were deposited together in proglacial lakes fronting the Superior lobe 
during recessions between glacial readvances, and unstratified silt and clay diamictons 
were deposited by readvances that incorporated these stratified sediments.  On this 
quadrangle, the glaciolacustrine sediments are thin and generally buried under the 
upper till (Qbk). 

 Qbk  Clay till—Reddish-brown (2.5YR5/3 to 4/4) clay (Fig. 1); massive, calcareous.  The upper 
few feet (1 meter) are commonly leached; secondary carbonate nodules are common 
several feet (1 to 2 meters) below the leached zone.  The majority of samples contain 
between 1 and 3 percent coarse-grained fragments.  The extremely clayey texture 
of this till, even compared with the underlying clayey till (unit Qbm), is thought to 
reflect incorporation of gray Lake Agassiz clay, which was deposited in Lake Superior 
prior to the Marquette advance that deposited this till (Clayton, 1983).  Generally, 
the mixing of overridden lake sediment into the till is thorough enough to make the 
till visually homogeneous, but in places the till contains inclusions of brown (7.5YR 
4/3) to reddish-brown (5YR4/4) calcareous clay with few coarse-grained fragments.  
These colors are not as red as typical Superior lobe glaciolacustrine clay (2.5YR4/4).  
The average thickness of this till is 10 to 13 feet (3 to 4 meters), but thicknesses up 
to 23 feet (7 meters) have been observed.  The till is absent (presumably eroded) in 
a small area near Lake Superior where the underlying clayey till (unit Qbm) forms 
the surface.  This till was deposited by a glacier whose ice margin was about 1,100 
feet (335 meters) in elevation in this area.  Above 1,100 feet (335 meters), one of 
the underlying tills generally forms the surface.

 Qbm  Clayey till—Reddish-brown (5-2.5YR5/3 to 4/4) silty clay (Fig. 1); massive, calcareous.  
About half the samples contain more than 3 percent coarse-grained fragments, but 
only one third contain more than 5 percent.  The average thickness is about 10 feet 
(3 meters).  The clayey nature of this till is interpreted as a result of the Superior 
lobe incorporating glaciolacustrine sediment as it readvanced through the Superior 
basin.  This sediment was derived primarily from meltwater of the Superior lobe, 
perhaps supplemented by clay from glacial Lake Aitkin-Upham, which overflowed 
into the Superior basin by way of the St. Louis River (Hobbs, 1983).  The margin of 
the glacier that deposited this till was about 1,180 feet (360 meters) in elevation, so 
the unit generally forms the surface till between 1,100 and 1,180 feet (335 and 360 
meters), below which it is buried by the clay till (unit Qbk).  The clayey till forms the 
surface till at lower elevations where the upper till has been eroded.  It is exposed in 
places along the sides of stream valleys, but is too narrow to map at this scale.

  Cromwell Formation (Wright and others, 1970)—Defined as reddish-brown, sandy to 
silty till and associated meltwater sediment containing fragments of red sandstone 
from the Superior basin.  Red sandstone is present in most samples, but North Shore 
Volcanic Group and Duluth Complex rocks are more common.  Tills of the Cromwell 
Formation (only one of which is mapped here) contain more sand than tills of the 
Barnum Formation. 

 Qct  Till—Reddish-brown (5YR5/4 to 4/4) rocky loam to sandy loam; compact, jointed.  
Noncalcareous where exposed at the surface, but deep cuts reveal calcareous Cromwell 
till in places, especially where protected from leaching by calcareous till of the 
Barnum Formation.  Coarse-grained fragments range from less than 1 to 45 percent 
of the total, and average about 12 percent.  The average thickness is about 10 feet (3 
meters).  Sediments under the Cromwell till are thin and patchy, and not observed at 
the surface.  The Cromwell till underlies the Barnum Formation almost everywhere 
the latter is mapped, but only occurs at the surface in two geomorphic settings: it is 
the surface till above the depositional limit of the Barnum Formation, which in this 
area is about 1,180 feet (360 meters) in elevation; and it is mapped in stream valleys 
and in places along the Lake Superior shoreline where the softer, clayey tills of the 
Barnum Formation have been removed by erosion.  In the latter setting, bedrock 
outcrops are common.

MESOPROTEROZOIC

 b Bedrock at or near the surface—Dominated by mafic volcanic flows and diabase.  The 
larger areas of this unit are diabase sills that are now tilted toward Lake Superior 
and form prominent ridges.  The surface of the rock has been smoothed by glacial 
erosion and is relatively unweathered in most places.  Narrow areas of this unit along 
streams and the Lake Superior shoreline are shown by bedrock outcrop (see Map 
Symbols).
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