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Abstract:

Gamma-ray spectroscopy has been used to measure the concentrations of
uranium, thorium and potassium of many samples representing crustal
rocks. The heat generation, calculated from the measured concentrations,
ranges typically over an order of magnitude from 0.5 to S.ﬁ W/m3. This
data file presents these results with the location of the samples and

other pertinent data.

Résumé

Des chercheurs ont utilisé la spectroscopie gamma pour mesurer les
concentrations en uranium, en thorium et en potassium de nombreaux
&chantillons prélevés dans la croiite terrestre. La production de
chaleur, calculée d'aprés les concentrations mesurées, varie généralement
de 0,5 3 5UW/m3. Ce fichier de données présente les résultats de

cette analyse, en indiquant les lieux de prélévement des &chantillons et

d'autres données pertinentes.



Introduction

The purpose of this open file is to make available a large amount of
valuable data: the concentrations of the major naturally occurring,
long-lived radioactive isotopes, uranium, thorium and potassium in
samples which in many cases are thought to represent large volumes of the
upper crust. The original reason for the measurements was to obtain
representative values of heat generation in the crust for geothermal
studies in Canada. Obviously weathered surficial samples have been
avoided, except for studies not reported here. Many samples of
sedimentary and volcanic rocks are included, in order that the heat
produced in surface layers or basins might be calculated.

These data are needed to comstruct thermal models of the crust which
are used for many purposes. For example, calculated crustal temperatures
determine the crustal properties at depth and thus constrain all tectonic
processes. Also the amount of heat generated in sediments affect the
temperatures in sedimentary basins controlling the degree of maturation
of hydrocarbons (Keen and Lewis, 1982).

Some references to Canadian measureménts of uranium, thorium and
potassium concentrations thought to represent crustal values are listed
separately under references. The many measurements associated with
volcanics and with ores and their source rocks are purposely omitted. A
much larger amount of data exists for Canada from airborne gamma-ray
measurements (e.g. Darnley et al., 1970, or Grasty et al., 1983), but
this data represents the natural radiation background which is only

indirectly related to the crust's radioactivity.



. Data Acquisition

Gamma-ray spectra from the powdered rock samples have been acquired
using solid state, Ge(Li), detectors. The method of acquisition and
analysis was originally described by Lewis (1974). Since then a smaller,
constant sample size of 330 g has been adopted, and, consequently
constant self absorption and absorption of background.

The equipment now in use consists of two detectors with efficiences
of 13 to 16% and resolutions at 1.33 Mev of 1.8 to 1.9 kev (FWHM), an
EGG-Ortec Model 7010 multi-channel analyzer system, and a DEC PDP 11/23
computer system. Resolution checks are run at least once each month, and
standards are re-measured four times a year., Original standards were
obtained from the New Brunswick Labs of the U.S. Atomic Energy
Commission, and comparison of results from standard samples have been

published by Lewis (1974).

Results

Our results show that the normal variation of radioactive element
concentrations in rock of one intrusive phase over a distance of one
metre is often of the order of 10%. Consequently a single measurement
represents a rock unit to an accuracy at best of 10%, and greater
accuracy requires more extensive sampling. This also means that in most
cases the accuracy required for each determination is only 10%. At a
scale of 1 cm or less there are large variations in concentrations,
particularly in the uranium concentration. The choice of a large sample
size averages these variations.

We have measured most samples a few hours, usually longer than
necessary to achieve a 10% accuracy from the counting statistics. TFor

the more recent samples the per cent error due to counting statistics has
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been recorded, and it can be seen (e.g. series 200038) that for uranium
and thorium concentrations of 1 ppm, the per cent error is approximately
10%. Of course for higher concentrations this error is smaller.
The heat generation is calculated using the following equation
(Birch, 1954):
[.0961 U(ppm) + .0263 Th(ppm) + .0358K(%)] x d (kg m—3) x 001

= Heat Production (uW m—3)

where d is the original rock density and a conversion for SI units has
been added. The heat generatiog comes from members of the uranium and
thorium radioactive decay series (as well as KAO), and it is assumed
that the series are in equilibrium. Generally they are, although the
uranium series can be out of equilibrium due to recent geological

235 may be more or

processes, in which case the amounts of U238 and U
less than the calculated equivalent amounts (see for example Rosholt,
1983). Three peaks (at energies of 186.1, 143.77 and 63.3 kev) are used
to calculate with less certainty the concentrations of U235 and

Th234, and for recently processed samples, the infrequent indications

of disequilibrium are noted (e.g. series 320),

In general, results are as expected. In the Coast Plutonic Complex,
quartz monzonites of the young, high level plutons (Salal Creek Stock,
series 300026; Fall Creek Stock, series 390050) are much more radioactive
than the older quartz diorite - granodiorite basement (series 300014).
The Coryell syenites (series 305 borehole 1, series 300043) and the
Devonian granites of the Maritimes (boreholes 319 and 320, series 3000105
and 300106) are quite radiocactive. The older rocks of the

Canadian Shield are not very radioactive (e.g. boreholes 5, 7, 14, 15,

16, and 52, and series 200011 and 200012), although there are some
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notable exceptions (e.g. Indian Lake Batholith, borehole 17 and series

200014; Lac du Bonnet Batholith, series 300041 (Whiteshell) and 300044).

Data Presentation

Approximate locations of boreholes are listed in Table 1 with depths
and crustal categories. Similarly Table 2 lists areas for which surface
samples have been measured. A description of each parameter used in the

data base is listed below:

SITE/SERIES

Each site or series number belongs to one of three groups:

3-353 associated with boreholes

200001-200041 surface samples, usually collected by Geothermal
Service personnel

300002-300114 surface samples, usually collected by others
except for well cuttings which are identified in

Table 2

SAMPLE /DEPTH

a) For borehole sites, a number greater than 99999 is used to
indicate a multi-hole site, with the first digit (or first two
digits) indicating which borehole, and the rest of the number
indicating the depth or sample number. For example, for site 84,
there are samples from six boreholes numbered 1, 2, 3, 4, 6 and
7. A sample/depth of O, or of comsecutive numbers starting with
0 or 1 is a series of surficial samples unless it is marked a

composite sample, whereas larger, non-consecutive numbers



b)

SPECT

LOCATION

U (ppm)
Th (ppm)

K (%)

..7..
indicate depths in boreholes, in the units which the drillers
employed (either feet or metres, as shown in Table 1). Eg.
Site 305, for the first borehole on Burrell Creek there are three
surface samples 100001, 100002 and 100003, and the other 16

samples are from depths of 45 to 1454 feet.

For surface samples, this number is a unique sample number, and
if possible, resembles the original designation assigned when

collected.

The number of the gamma-ray spectrum from which the results are

calculated.

The approximate location from where the sample was taken, in

latitude and longitude or UIM coordinates.

An integer from 1 to 4 indicating the method of calculating
the equivalent U, equivalent Th and K content:

Sample Mass = 330 g Larger Sample
complete spectrum* 1 3

13 selected peaks* 2 4

*see Lewis, 1974.

The concentrations by weight of the three long-lived

naturally occurring radioactive elements



Th/U

ZCT ERROR

HEAT PROD.

(uW/m3)

DENSITY

(kg/m3)

AGE

(MA)

ROCK TYPE

_8_
The ratio of the concentration of Thorium to that of Uranium.
If the uranium concentration is less than .05 ppm, this value

is shown as 999.9 to indicate that it is inaccurate.

The per cent error in the heat production caused by the

counting statistics of the sample, background, and standards.

This was not recorded for the earliest samples.

The rate of heat generated from the radioactive decay of the

y238 4235 14 Th23? series and k%O,

The density of the original sample. A value of zero

signifies that the density is unknown.

The age of the body of rock from which the sample comes,
except for samples described as "age dated” where an age has
been determined for the particular sample. A value of zero

signifies that the age is not known.

Used to signify other measurements made on the same samples.
1 Chemical analysis of major constituents

2 Nodal point count of minerals

This may be either a description of the sample, or the rock
type of the unit from which the sample comes and which it
represents. Composite samples are made up of rock from

several depths (probably chip samples).
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If a second line of data is printed for a sample, it most often
contains at least one of the following: the original designation of the
sample when collected, the NTS map sheet containing the sample location,

type of age date, name of body or comments.
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Table 1:

Approximate
Location

Long.(W) Lat(N)

119°38"
74°01"
48°32!
97°08'
130°01"
129°52"
130°51"'
86°58"'
87°36"'
90°29'
91°20'
77°41"
79°03!
77°14"
114°25"
81°20’
74°21"
117°11"
116°51"'
131°00'
122°17°
106°32"
94°12°'
85°50'
105°05"'
123°15'
73°15"
56°53"
126°41"
90°53"
120°28'
121°17'

49°20'
45°49'
72°15"
49°49'
58°39'
58°10'
57°54!
48°51"
51°49°'
50°42'
49°39'
55°24"
48°21"
43°52'
62°30'
46°39'
49°53'
49°09'
49°45"
57°21'
52°31"
58°19'
51°00'
49°11"
69°09'
49°35!
61°40'
48°48'
56°36'
49°53"
50°39'
49°31"

8°45'E 10°45"'

120°55"
118°24"'

84°17"'
117°36"'

97°46'

96°56"'
121°55'
129°49"
120°59'
119°48"
125°35"
121°25'
125°07"

52°06'
51°37'
50°02'
50°38"
55°43"
75°24"
49°19'
58°15"
50°29'
51°31"
49°35'
50°54'
54°04'
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Summary of Borehole Data

Region Crustal
Units t

Penticton, B.C.

St. Jerome, P.Q.
Roberval, P.Q.
Winnipeg, Man.
Dease Lake, B.C.
Stikine R. B.C.
Telegraph Cr., B.C.
Lake Superior, Ont.
Lake Superior, Ont.
Lake Superior, Ont.
Lake Superior, Ont.
James Bay, NWT
Noranda, P.Q.
Picton, Ont.
Yellowknife, NWT
Sudbury, Ont.
Chibougamau, P.Q.
Salmo, B.C.
Kootenay L., B.C.
Stikine R., B.C.
Williams L., B.C.
L. Athabaska, Sask.
Red L., Ont.
Manitouwadge, Ont.
Cambridge Bay, NWT
Howe Sound, B.C.
Raglan Penn., P.Q.
Buchans, Nfld.
Hazelton, B.C.
Dryden, Ont.
Kamloops, B.C.
Hope, B.C.

Nigeria

Williams Lake, B.C.
Revelstoke, B.C.
Lake Superior
Revelstoke, B.C.
Thompson, Man.
Cornwallis Is., NWT
Hope, B.C.

Stikine R., B.C.
Kamloops, B.C.
Kamloops, B.C.
Vancouver Is., B.C.
Kamloops, B.C.
Prince George, B.C.

I ddddonddddndnd<d9 »

19 d4 d 1NN d9d

< 9

< dddd g

Depth
units

ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft

ft



Borehole Sample*

188
301
302
303
304
305
310

311-342

*

S

borehole chips

s
v

319
320
321
339
344
353

Type
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Table 1 continued

Approximate
Location

Long.(W) Lat(N)

133°24"
123°28"
122°50"
123°23"
123°23"
118°28"
119°43"
119°
67°19°'
66°27"'
123°27°
123°40'
123°16"
127°29'

surface sample, b
¢ = composite sample,

59°43"
50°35"
50°26"
50°36"
50°07"
49°26"
49°46"
49°
45°41"
45°27"
48°39"
50°43"
50°6"
50°37"

m

n

7

2

1
14
11
39
27
26
41
42
11
36
23

9

Region

Atlin, B.C.

Pemberton, B.C.
Pemberton, B.C.
Pemberton, B.C.
Squamish, B.C.

Grand Forks, B.C.

Okanagan, B.C.
Okanagan, B.C.
Pokiak, N.B.
Welsford, N.B.
Sidney, B.C.
Pemberton, B.C.
Whistler, B.C.
Port Hardy, B.C.

Crustal
Units t

Y dYd Y I Ydd ddd 9

borehole core, ch = borehole chips,
= gurface samples, and composite samples from

sediments, y = highly metamorphosed or magmatic rocks,

volcanics

Depth
units

ft

ft
ft
ft
ft

ft
ft

ft
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Table 2: Summary of surface samples
Series Approximate n Region Crustal

Location Unit*
Long.(West) Lat.(North)

200001 119° 49° 18 Okanagan, B.C. y
200002 118° 50° 6 Kinnaird, B.C. y
200003 80°52" 46°43" 5 Sudbury, Ont. y
200004 81°27' 46°38!' 3 Sudbury, Ont. y
200005 126°45" 50°20' 6 Vancouver Island, B.C. v
200006 120° 50° 11 Thompson River, B.C. y
200007 125°34! 49°48! 2 Vancouver Island, B.C. y
200008 121°40" 49°20! 3 Fraser River, B.C. y
200010 84°50' 48° 9 North Bay, Ont. y
200011 86° 49° 16 White River, Ont. y
200012 87° 48°45" 12 Terrace Bay, Ont. y
200013 88° 48°50! 14 Terrace Bay, Ont. y
200014 90° 50° 16 Ignace, Ont. y
200015 92° 50° 15 Ignace, Ont. y
200016 120°27! 50°39! 7 Ramloops, B.C. y
200017 119°50° 51°20" 6 Kamloops, B.C. y
200018 119°40" 49°25" 11 Penticton, B.C. y
200022 79°02! 48°21" 5 Rouyn P.Q. y
200023 124°40°* 48°45" 5 Vancouver Island, B.C. y
200024 135° 61° 33 Whitehorse, Yukon y
200025 135° 61° 8 Whitehorse, Yukon y
200031 129° 53° 47 Northern Inlets, B.C. y
200032 118°30" 49°30° 14 Grand Forks, B.C. y
200033 74°10' 62°.06' 6 Ungava Penn., P.Q.
200034 117°15" 49°12" 8 Salmo, B.C. y
200035 127°01" 53°18" 2 Coast, B.C. y
200038 119° 49°50°' 32 Thompson Plateau, B.C. y
200039 124°50' 50°20"' 4 Toba Inlet, B.C. B y
200040 123°20° 50°20" 21 Squamish, B.C. y
200041 127°207 50°25! 11 Vancouver Island, B.C.
200042 123°30! 50°15! 4 Whistler, B.C. y
300002 116°40! 50° 8 Kootenay Lake, B.C. y
300003 117°50! 51°20° 6 Monashee, B.C. y
300004 117°10' 49°50" 32 Nelson, B.C. y
300005 116°40! 49°20" 8 Kootenay Lake, B.C. y
300006 124° 50° 57 S. Coast Range, B.C. y
300007 129° 59° 25 McDame, B.C. y
300008 54° 48°40" 31 Eastern Newfoundland y
300009 121°25" 49°10° 31 Hope, B.C. y
300011 126° 50° 35 N. Vancouver Island, B.C. ¥y
300012 123°27° 48°40" 4 S. Vancouver Island, B.C. vy
300014 124° 50° 31 S. Coast Range, B.C. y
300015 123°30" 50°34! 2 Meager Mtn., B.C. y
300016 129° 62°40" 13 S. Nahanni R., N.W.T. y
138°20" 64°20" 9 Dawson, Yukon y
300017 130° 63° 13 Hess River, Yukon y
300018 130° 62°30" 8 Pelly River, Yukon y



Series

300019
300020
300021
300022
300023
300024
300025
300026
300027
300028
300029
300035
300037
300040
300041
300042
300043
300044
300045
300046%
300047
300048
300049
300050
300101¢
300102
300103
300104$
300105
300106
300108
300110
300114

Table 2:

Approximate

Location

Long.(West) Lat.(North)

136°
135°
130°
130°
134°
92°
125°45"
123°25"
126°
118°
130°
73°09'
128°
126°21"
96°04"
128°
118°38'
96°04'
119°30"
66°
100°
59°-75°
91°43"
123°31"
129°50'
75°23"
123°31!
131°20'
61°30"
66°
127°
121°
140°

63°
63°30"
63°
63°
63°
74°
56°
50°47"
56°
66°
54°
45°33"
55°30"
44°54"
50°15"
50° 40"
49°26"
50°15"
49°52"
44°10"
54°50"
33°-28°
48°54"
50°40"
55°13"
28°21"
50°34"
53°19"
45°16"
43°41"
52°22!
51°50"
68°
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Summary of surface samples

Region Crustal

Mayo, Yukon

Keno Hill, Yukon

Keele River, N.W.T.
Ross River, Yukon
Mayo, Yukon

Somerset Island, N.W.T.
Babine Lake, B.C.
Pemberton, B.C.

Babine Lake, B.C.
Camsell River, N.W,T.
Prince Rupert, B.C.
Monteregion Hill, P.Q.
Northern B.C. Coast
Pacific Ocean

Pinawa, Man.

Shelf Sediments, Vancouver Island
Grand Forks, B.C.
Pinawa, Man.

Penticton, B.C.

Scotian Shelf, Atlantic Ocean
Snow Lake, Man.
Atlantic Ocean
Atikokan, Ont.
Pemberton, B.C.

Alice Arm, B.C.
Atlantic Ocean
Pemberton, B.C.

Queen Charlotte Sd., B.C.
Antigonish, N.S.
Yarmouth, N.S.

Bella Coola, B.C.

Wells Gray Park, B.C.
Northern Yukon

s sediments, v = volcanics, y = representative of crust, and not
a thin veneer (may include volcanics)
¢

= samples of soft bottom marine sediments from coring.

are marked $

composite samples of drillcuttings from wells in sedimentary basins

Unit*
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