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Surficial Geology and Till Stratigraphy in the Detour Lake and Burntbush Areas, Northeastern Ontario
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INTRODUCTION
Field  investigations were undertaken in the Detour 
Lake and Burntbush areas of northeastern Ontario in 2008 and 2009 (Gao and Day 
2008; Gao and Kodors 2009). This year, work focused on data compilation, including 
map drafting, sample processing and laboratory analysis. In addition, a short field trip 
was undertaken to verify the geology in certain areas and re-check some of the gravel 
pits where large sections are exposed. Apart from the mapping of areas mentioned 
above, active gravel pits and road sections exposed by recent road work near 
Cochrane were visited with a focus on sedimentology and stratigraphy work. The 
following are some notes on the Cochrane Till and associated deposits. The major 
lithostratigraphical units observed in sections within the study area are shown in 
Figure 1.

surficial mapping and till sampling

COCHRANE TILL 
The Cochrane Till is the most recent and extensive glacial deposit that has been 
mapped in Cochrane and the area to the north (Hughes 1965; Smith 1992; Gao and 
Day 2008; Gao and Kodors 2009). This till and the older Matheson Till, as well as the 
intervening deposits were directly observed in sections in the field (Figure 1). Till 
deposits older than the Matheson have been reported from boreholes (Smith 1992; 
Gao and Day 2008), however, their stratigraphic status needs to be confirmed in the 
future.

The typical Cochrane Till has a clay-rich matrix, is calcareous and brownish in color 
with various portions of limestone pebbles, in striking contrast to the Matheson Till 
which has a sand-rich matrix, contains numerous boulders and is pale to grey in color 
with limited clay and limestone clasts (Photo 1). As such, the latter is extracted as 
aggregate material for use as road base or surfacing of gravel roads owning to the lack 
of excessive clay material in its matrix (Photo 1). The Cochrane Till may vary in texture 
depending on the nature of the substrate material it has overridden and incorporated 
(Photo 2A). Local boulder concentrations occur at the base of the till (Photo 2B). 
Variations in till texture can occur within a short distance, for example, in a same gravel 
pit. Like the Matheson Till, the Cochrane Till has developed foliation or fissile structures 
(Photo 2B). 

Photo 1. A) Brownish clay-rich Cochrane Till underlain by light-coloured sand-rich Matheson Till. Ice flow direction from left to right. 
Note the inclusion of rafts of the Matheson Till at the base of the Cochrane Till (white arrows), and a glaciolacustrine sand-rich inclusion 
with contorted bedding and a sheared upper tail at the top of the Matheson Till (black arrow). B) Typical Matheson Till with sand-rich 
matrix and numerous boulders.

Photo 2. A) At this locality (off Tomlinson Road, Cochrane), both the Cochrane (upper, brownish) and Matheson (lower, light-coloured) 
tills appear sandy in texture. However, the former always contains abundant clay material that makes the till brownish in colour. B) Basal 
part of the Cochrane Till is sometimes stony with concentrations of gravel to boulder clasts. Note the foliation or fissile structures in till 
matrix. Coins 2.3 cm diameter.

Large-scale deformation was observed below the Cochrane Till, including discrete, 
convoluted, large sand blocks and vertically turned layers of clay with till (Photo 3). 
Deformation was probably caused, under the loading of the ice sheet, by vertical 
injection of water-saturated glaciolacustrine clay that hydro-fractured, fragmented and 
overturned the overlying glaciofluvial sand. The varved clay below the Cochrane Till 
shows tilted and distorted lamination with convolution structures in its upper part, 
indicating increased strain toward the base of the ice sheet. Further upwards, the 
varved clay grades into a massive, glaciolacustrine clay (see Figure 1 for stratigraphy). 
Because faint lamination is still visible locally, it is likely that the massive appearance of 
this clay resulted from deformation such as churning and mixing under the stress of the 
ice sheet. Such a strained substrate is often referred to as glacitectonite (e.g. Evans et 
al. 2006). Where the Cochrane Till directly overlies the massive clay, a transitional 
contact was observed locally between the units as noted by the upward increase of 
pebble clasts, probably of dropstone origin, in the clay. A limestone clast about 10 cm 
diameter was collected in the massive clay, suggesting the Cochrane Till as the likely 
source. As such, a proglacial lake environment that saw deposition of this clay 
developed in front of the Cochrane ice sheet. 

Photo 3. Deformed layer containing convoluted sand with clay streaks and wisps, and vertical beds of clay mixed with till below the 
Cochrane Till, probably resulting from vertical injection of water-saturated glaciolacustrine clay that hydro-fractured, fragmented and 
overturned the overlying glaciofluvial sand under loading by the ice sheet.

Landforms or sedimentary features associated with the Cochrane ice advance include 
flutes, drumlins, eskers and outwash to deltaic deposits. Drumlins examined in road 
cuts are composed unexceptionally of a silt- to clay-rich till with various proportions of 
sand and gravel clasts, comparable to the Cochrane Till. The eskers contain typically 
pea-sized gravel clasts, lacking cobbles and boulders, but with abundant limestone 
clasts, and they have lithologies closely resembling those found in the Cochrane Till 
(Gao and Kodors 2009). Conversely, the eskers associated with the Matheson ice 
advance are rich in cobbles and boulders but poor in limestone clasts. Another key 
piece of evidence for a Cochrane affinity is the presence of rolled Cochrane Till blocks 
in the eskers (Gao and Kodors 2009). Deltaic sand and gravel deposits developed 
locally in front of the Cochrane ice. They contain clayey till clasts that resemble the 
Cochrane Till (Photo 4), suggesting their association with the Cochrane ice advance. 
Previously, it has been suggested that the eskers, drumlins and flutes resulted from 
the Matheson ice advance and that the subsequent Cochrane ice advance only 
formed a capping till (Hughes 1965; Boissonneau 1966). The current study appears to 
negate this suggestion. 

Photo 4. A) Tear-drop shaped, rolled till clast in pebbly sand below the Cochrane Till. B) Internal texture of the till clast, closely 
resembling the Cochrane Till. Coins 2.3 cm diameter.

The Cochrane glaciation is estimated to be 8300 years B.P. on the basis of the 
onset of the Tyrrell Sea transgression in James Bay Lowlands (about 7900 years 
ago) and varve-chronology studies completed in this area (Terasmae and Hughes 
1960; Hughes 1965). Although still in debate (e.g. Thorleifson 1989), the 
Cochrane Till has been correlated with the Kipling Till in the Moose River valley, 
James Bay Lowlands (Skinner 1973; Smith 1992). As indicated by pollen analysis 
(Smith 1992), by this time, the climate was warm enough to support a boreal forest 
dominated by pine and spruce, similar to present day in this region. 

SUMMARY

A better understanding of the Cochrane Till is important in mineral prospecting in 
as much as this till forms an extensive sedimentary cover in the study area and till 
sampling for indicator minerals is often conducted in this deposit. During the 
Cochrane ice advance, eskers, drumlins, flutes and outwash fans/plains 
developed in a way seemingly like other ice advances such as the preceding 
Matheson glaciation. Measurement of striae and alignment of flutes in the study 
area indicate a south-southeast ice flow for this ice advance. The presence of 
thick deformed layers or glacitectonites suggests significant ice loading and 
hence a substantial thickness of the ice sheet. Future detailed mapping in 
adjacent regions and better chronological control through direct radiometric 
dating of the till are the keys to better understand this ice advance, its depositional 
mode, age and regional correlations. 
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Figure 1. Composite section (not to scale) showing the major litho-units observed in sections within the study area (A). The composite 
was constructed from 3 separate sections as indicated by the vertical bars with section locations indicated by numbers to the right. The 
locations of those sections are shown in (B).
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