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Response to comments by J.A.M. Majorowicz

We thank the reviewer for his thoughtful and constructive comments. He raises
a valid point that the temperature depth profiles are affected by the vertical
variations in heat production and that these variations should be properly ac-
counted for before inverting the profiles for ground surface temperature history.
This point is certainly valid but the importance of the correction depends on
whether the heat production is high and shows systematic variations with depth.
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1) The above reported examples show that without a precise knowledge
of HP(z) it is impossible to deduct cause of heat flow variations with depth,
otherwise interpreted entirely as a result of surface climate change. Pickler et
al., (2015) fail to show any evidence of HP (z) variability.

The reviewer is correct in insisting that we should have provided more in-
formation on the heat production at the different sites. Detailed information
had been published in several papers on heat flow in the Canadian Shield
(e.g. Jaupart et al., 2014; Phaneuf and Mareschal, 2014). We shall summarize
this information in the revised manuscript. Accounting for heat production
(HP ) with depth (z) is required in sites with very high heat production. The
example provided by the reviewer concerns a hole drilled in granite, which
usually has high production, and, sometimes shows systematic variations with
depth (e.g. Förster and Förster, 2000). In this case, one should definitely try
and account for HP (z). However, the rocks for most of the sites that we are
using in this study have lower heat production than granites. For example, the
Sept-Iles intrusion is a complex of gabbro, which for all practical purposes has
negligible heat production (<0.2) producing less than 0.5over 2km. Variations
in the heat production with depth are a second order correction and can safely
be neglected. Many of the other sites (Val d’Or, Matagami, Flin-Flon) have
relatively low heat production (≈0.5) with a total contribution of <1.0over
2000m (Mareschal et al., 1989, 1999b; Jaupart et al., 2014). Moreover,
the lithology consists of alternating layers of mafic and felsic lava flows and
intrusives. In other words the variations in heat production with depth can be
seen as random fluctuations over small depth scale. In that case, the mean
heat production can reasonably account for the vertical variations in heat
flux. This is not the situation for the sites in the Sudbury region where the
vertical layering of the basin is well documented. Most of the holes are drilled
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near the margin of the structure reaching to the base of the Sudbury igneous
complex (SIC). The composition of the SIC indeed shows vertical variations
in composition with granophyre and felsic norite on top and more mafic norite
at the base (Phaneuf and Mareschal, 2014, e.g.,). Following the reviewer’s
recommendation, we will discuss HP (z) at the Sudbury sites. So far compar-
ison between different sites shows little correlation between the amplitude of
the variations in heat flux and the variations in composition across the drillholes.

2) In the wells they examine, also thermal conductivity measured on core
samples are few. There is no sufficient data to determine HP (z) as no spectral
logs reported.

As a general principle, we have always favoured high quality thermal
conductivity measurements using relatively large samples to measure the
property of the bulk rock (Perry et al., 2006, see the discussion in). Each
thermal conductivity value, which is the result of 5 measurements, represents
the thermal conductivity of the bulk rock unaffected by small heterogeneities.
Despite the lack of spectral logs, we can estimate variations in heat production
with depth based on the detailed lithological logs used to select the core
samples from all lithologies.
We also want to point out that the reviewer’s estimates for the temperature
at the base of the Laurentide ice sheet during the last glacial maximum are
not significantly different from ours. We thank the reviewer for pointing out the
ambiguity in the description of the thermal conductivity and heat production
measurements and we will clarify this in the revised manuscript.
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