I*I Natural Resources Ressources naturelles

Canada Canada
96° 94° 92° 90° 88° 86° 84° 82¢° 80° 78° 539 76° 74°
530
K ey [
n e
.
3 =
CONTOUR INTERVALS NGR Surveys to 1994
GEOLOGICAL SURVEY OF CANADA COMMISSION GEOLOGIQUE DU GCANADA
20
782 ppm - Maximum [~ 5
520 64 ppm 95th Percentile Lakes
50 ppm 90th Percentile
37 ppm 75th Percentile Streams
OPEN FILE 2959
28 ppm 50th Percentile . v v
Combined Lakes National Geochemical Reconnaissance
21 ppm 25th Percentile /
and Streams
17 ppm 10th Percentile
14 ppm - 5th Percentile
<1 o i COPPER IN LAKE SEDIMENT
Scale 1:4 500 000
le 1:1 - Echelle 1/1
0 100 200 KM Scale 500 000 chelle 1/1 500 000
| | | | | Kilometres 50 0 50 100 150 Kilomtres 51°
570 Lambert Gonic Gonformal Projection Projection conique conforme de Lambert
PROPORTIONAL DOT VALUES Standard Parallels 48°N and 77°N Paralléles d'échelle conservée 48°N et 77°N
CM 85.5°W, Scale Factor 1.0 M.C. 85.5°, facteur d’échelle 1,0
© Crown copyrights reserved © Droits de la Gouronne réservés
3030 ppm 'a‘ Maximum
64 ppm s 90th Percentile
[ ]
H i Compilation by P.W.B. Friske, M.W. McCurdy, S.J.A. Day, and S.W. Adcock
43 ppm H 75th Percentile
:
H Digital cartography by T.D. West, Geological Survey of Canada
:
4 .
29 ppm : S0t Parconiile Any revisions or additional information known to the user would be
4 welcomed by the Geological Survey of Canada
.
L]
L]
L] N P 3 2gs
20 ppm : 25th Percentile Background geological .mformatlon modlfled.fronla .Map 2545, .Bedrock
. Geology of Ontario, Geology of Ontario digital map series
L]
.
14 ppm : 10th Percentile 0°
. Please note that the digital background geology was not originally compiled L 5
<2 ppm * Minimum on Digital Chart of the World topographic maps and has been adjusted (rubber-
500 sheeted) by the GSC to fit this base. Slight geometric distortion of the
original geological contacts relative to topography may exist in some areas
Exponent = 1.5
Msximum = 124 (8 percsptiel Base map assembled from Digital Chart of the World, 1:1 000 000 scale
N = 17934
OPEN FILE
DOSSIER PUBLIC
GEOLOGIGAL SURVEY OF GANADA
COMMISSION GEOLOGIQUE DU GCANADA
OTTAWA 9°
A
11/1994 L
490
LOGATION MAP
LEGEND
PHANEROZOIC SUPERIOR AND SOUTHERN PROVINCES
) Intrusive rocks
Sedimentary rocks
Carbonatite-alkalic intrusive rocks
PRECAMBRIAN
GRENVILLE PROVINCE Mafic intrusive rocks
PROTEROZOIC 48°
Migmatitic rocks and gnei BT Ty "
% oxoxm % x % o ligmatitic rocks and gneisses Eslion ehon e o
e e e @ @ |l bl Felsic intrusive racks
>V1V>ﬁ>;ﬂf>ﬁ>v 7
Supracrustal rocks
Carbonat: di y rocks ~
Metasedimentary rocks and minor -Po
metavoicanic rocks
Clastic metasedimentary rocks
Metavolcanic rocks and minor
metasedimentary rocks
- Anarthosite and alkalic igneous rocks
SUPERIOR PROVINGE
ARCHEAN
Felsic plutanic rocks Intrusive rocks
Diorite-nephaline syenite suite
FEAASIHAS I
75 €7 T€0,7 T & . " .
@;3;@;3;@;3 Mafic to ultramafic plutonic rocks
e L oe e L Aj §
Massive to folisted g diorite to it "
470
] Mafic to felsic metavolcanic rocks
& INTRODUCTION DATA PRESENTATION SELECTED REFERENCES
(<1} I . . " N . . e Foliated to gneissic tonalite to granadiorite
A significant portion of Canada has been covered by systematic stream and lake surveys Two types of plots, ("contour” and proportional dot) are used to illustrate the distribution of Cameron, E.M., and Ballantyne, S.B.
under the auspices of the National Geochemical Reconnaissance (NGR) program. The copper. Both were created using Arclnfo routines. The "contour" plot represents a smoothed 1977 R . level hemical and radi i loration data f the vicinit
objective of the NGR is to establish and maintain a nationally consistent geochemical drainage surface, that depicts the broad regional trends of the copper data (Figure 4). The proportional dot ) fet%ongalssirtcek_ Svel.geoe demlca_ternh rao 'ongﬁ r|c| extp_)totra '?r’]wa. a ror'g MetVII(I:mI Y
database. Toward this end, systematic surveys have been conducted since 1973. To date plot represents the copper concentration at each site with a dot that is proportional to the ; I et' av II 2 souran;%ngsepoy + g anadian insuitls of Vining ana Meteliurdy
(1994), more than 200 surveys have been completed to NGR standards, representing over 180 concentration. This presentation displays more detailed information and permits the UM, VOIS Prnd 0. Mafic and ultremafic rocks
000 sites, covering 2.2 million kmzthroughout Canada (Figure 1). These were largely carried out identification of individual high values. The proportional dot presentation also facilitates the use
by the Geological Survey of Canada both independently and jointly with provinces and territories of the bedrock geology as an underlying layer, allowing for easy visual evaluation of the .
under various funding arrangements. relationship between geology and the copper distribution. Coker, W.B. and Shilts, W.W. Supracrustal rocks
Not all geochemical surveys carried out by the GSC or provincial agencies qualify as NGR The "contour" plot was created using the IDW (inverse distance weighting) and FILTER 1979:  Lacustrine geochemistry around the north shore of Lake Superior: implications for
surveys. Surveys shown on Figure 1 fulfill a number of criteria (Friske and Hornbrook, 1991), the functions of Arcinfo. Initially log-transformed copper values were interpolated to a 1.0 by 1.0 km? evaluation of effects of acid precipitation; Geological Survey of Canada, Paper 79-1C, Metasedimentary rocks and derived gneisses
most important of which is that specifications for sample collection, sample preparation and grid surface from the irregularly spaced sample sites. The data were then further smoothed with p.1-15
chemical analysis are consistent with those developed and employed by the GSC. the FILTER function, which passes a 3 x 3 filter over the grid. The "low" option was used which Coker, W.B., Hornbrook, E.H.W. and Cameron, E.M.
At present, the data for each NGR survey are available in hard copy and digital format. resultsin the'd.copparvalues.baingwaighted.aqually o calculate.anawvalue foreach:grid call. 1979: Lake sediment geochemistry applied to mineral exploration; in Geophysics and
Howaever, to simplify access to the voluminous amount of information, a digital database is being Ihisfitarwas'passedover the gnd 6 times; Tha 1.0 by1.0 km™calls waraithen assigned colars Geochemistry in the Search for Metallic Ores, ed., P.J. Hood; Geological Survey of Mafic to felsic metavakenic rocks and
created using ORACLE RDBMS software. As entry of large contiguous blocks of data (e.g., all brasedian: theresllvalus rasulting in theiabsarved "gonfour” map: Canada, Economic Geology Report 31, p. 435-477 metasedimentery rocks
Ontario lake s_edimem and wate!' data) is complete_d, geoc_:hemical maps an_d reports will b_e ) The _proportional dot plot was created u_sing the SPOT_SIZE Tunction. The maximum Davenport, P.H., Christopher, T.K., Vardy, S. and Nolan, L.W.
produced to display and summarize the data. The aim of this second generation of releases is diameter is set to the value of the 98th percentile (132 ppm). Sites with copper values greater . . o o . .
to increase awareness of NGR data and to enhance their use not only in mineral exploration but than or equal to 132 ppm are represented by circles with the maximum diameter. The smallest 1992 Geochhem|callbmaplp|ng :cn Nﬁwfoundland and I}abra_dor. its rolle r']n est.abohshmg ) X .
also in other fields such as public health and environmental studies. diameter corresponds to the minimum value, which for copper is 1.0 ppm (1/2 the detection %eeos(;aerglcaNeV\i‘soi;]rgjeI:ndorE;eeamaaesrﬁrim\ellri]r:eos zgc\j”rEor?erT:emaG:olaon?c:eQ Str:\?em Ma’;‘:s 1;"’_ ”"';:"’af’c c:;wetavolcanm rocks and
ol & i i i s ! melasedimentary rocks
This map summarizes the distribution of Cu from 17 934 sites in Ontario sampled between limit). Values between this range have a diameter that fit a curve through the minimum and Branch: Report 92-1, p. 281—29% o 4 ¥ -
1976 and 1989. Figure 2 shows the individual open files that make-up the Ontario compilation. maximum with an exponent value of 1.5. ' ) ' 46
More detailed and site-specific information is available in these Open Files. The underlying bedrock geology is a generalized version of the Ontario, Geological Survey Fortescue, J.A.C. and Vida, E.A.
460 Earth Resources and Land Information System, digital 1:1,000,000 map. The original 60 units 1990: Geochemical survey, Hanes Lake area; Ontario Geological Survey, Map 80 806
=] SURVEY METHODOLOGY were reduced to 23, to facilitate data presentation, with emphasis placed on combining Friske, P.W.B.
lithologically similar units. . . . . . :
A datailad description of the NGR survey methodology is given by Friske and Hornbrook 1985: Regional ge_oc.hem|cal reconnaissance: interpretation of data from the north shore of F 3
. - . N . . Lake Superior; Geological Survey of Canada, Paper 84-21, 38 p. |gU|’e
(1991). Below is a brief summary with particular reference to the Ontario lake sediment and COPPER DISTRIBUTION .
water surveys. Friske P.W.B.
Sample collection Table 1 and Figure 5 summarize the distribution of copper in the lake sediments of Ontario. 1991: The application of lake sediment geochemistry in mineral exploration; Geological
s | SEER 1 lisHad Byt i ina float — Values range from less than the detection limit of 2.0 to 3 030 ppm. There are a number of Survey of Canada Open File 2390, Paper #4, p. 4-1 to 4-20
_ oampier olaclion ISyaceolmiishes Dy we-parsal samg_mg_ crews; Using Toat-squippe factors that account for the observed variations. The most important are differences in type and Friske. P.W.B. and Hornbrook. E.H.W
helicopters. An ideal sample comes from a lake less than 5 km* in size and greater than 3 metres i 1h terial hich the lak di i darivad. Othar factors that riske, F.W.bB. and Fornbrook, £.M.W. i
deep, with a single central basin that is the focus of drainage in the area near the sample site composition o the source material Irom which the 'ake sediments are derived. Sther tactors tha 1991: Canada’s National Geochemical Reconnaissance programme; Transactions of the Sampling
! ) can affect the element concentration in the lake sediment include: differences in the chemical . o o . ! o "
The sediment samples are collected from the center-lake profundal basin using a hollow- and mechanical dispersion processes that move and fix material from source to sampling site: Institution of Mining and Metallurgy, Section B, Volume 100, p.47-56 Variability 3.82%
pipe, bottom-valved sampler (85 cm long x 10 cm diameter) attached to an external winch and scavenging by hydrous Fe and Mn oxides and/or organic matter; differences in chemical Garrett, R.G.
rope system mounted on the fuselage of a helicopter. Generally, the full length of the sampler mobility; diagenetic redistribution; and anthropogenic input. A basic understanding of the factors 1969: The determination of sampling and analytical errors in exploration geochemistry: Ganchornical Analytical
penetrates the bottom sediment and the sample obtained represents a 30-35 cm section from that affect lake sediment composition is important to gain the most information from the lake Economic Geology, Volume 64, p. 568-569 e - .
several tens of centimetres below the sediment-water interface. If relatively clastic rich material sediment data set. Below is a very brief discussion of some of the factors, for more detailed Eprafh. G, Bl ol Phand Adaomle &5 Variability 95.20% Variability 0.98%
is encountered, the sampler may not penetrate its full length and some surface material is information the reader is referred to the list of selected references. artell; Bl SAnVIe; hulvlbaan CABG DY
included. The sample material is an organic-rich sediment (gyttja), commonly a greenish brown A ; ; : i ; 1990: Regional geochemical data compilation and map preparation, Labrador, Canada; in
= . S 2 - s noted previously the most important factor effecting the distribution of copper in lake Regional Geochemical Mapping. eds.. A.G. Damley and R.G. Garrett: Journal of
to grey thixotropic gel. At each site, field observations such as lake size, lake depth and local sediments is the variation in the chemical composition of the source material. There are three g : A pping, - AG. Y 4. ;
relief, are recorded. : 5 - 5 > Geochemical Exploration, Volume 39, p. 91-116
’ primary sources from which copper, and elements in general, are derived; bedrock, glacial
Lake waters are routinely sampled at all lake sediment sites. These are collected in deposits, and mineralization. Elements from these sources may be reworked by several surface Hornbrook, E.H.W. and Garrett, R.G.
rectangular wide-mouth polyethylene bottles, at least 20 cm below the surface in water as free processes (i.e., weathering (chemical) and erosional (physical) processes, biological processes, 1976:  Regional geochemical lake sediment survey east-central Saskatchewan; Geological
of suspended material as possible. etc.) before final deposition in lake bottom sediments. Survey of Canada, Paper 75-41, 20 p.
Sample Preparation and Analysis Most elements are preferentially concentrated in certain rock types because of igneous Johnson, M.G., Culp, L.R. and George S.E.
Lake sediment samples are initially field-dried. In the laboratory, samples are crushed to metamorphic and sedimentary processes. Numerous studies have shown that the geochemical 1986 Temporal and spatial trends in metal loadings to sediments of the Turkey Lakes, 45°
less than 5.0 mm diameter, and then further reduced using ceramic ball mills. Any material not distribution patterns of elements in lake sediments, particularly regional trends, are largely Ontario; Canadian Journal of Fisheries and Aquatic Sciences, Volume 43, p. 754-762.
450 ball milled or used for chemical analysis is archived. related to, and reflect the variations in the chemical composition of the underlying bedrock (c.f., Jonasson. I.R
’ . . Hornbrook and Garrett, 1976; Jonasson, 1976; Cameron and Ballantyne, 1977; Maurice, 1977; e
_The Ontario lake sediment and water samples have been analyzed for 2 wide range of Coker and Shilts, 1979; Friske, 1985; Johnson et al. 1986; Kerr and Davenport 1990; Fortescue 1976:  Detailed hydrogeochemistry of two small lakes in the Grenville geological province; .
variables that vary to some extent between the open files. These changes reflect, as much as ; i 4 i i ) i . Flgure 5
; N ; . ; and Vida 1990; Garrett et al., 1990). Geological Survey of Canada, Paper 76-13, 37 p.
any other factor, improvements and developments in the field of analytical chemistry. The most ’ ! F— = —
extensive suite of variables is available for the 2000 series of open files (i.e., open files 2181, The strong spatial association between bedrock geology and copper distribution in lake Kerr, A. and Davenport, P.H. 99.9
2361, etc.). Included are lake sediment data for Ag, As, Au, Ba, Br, Ce, Co, Cr, Cs, Cu, Eu, Fe, sediment is very clear, based on the proportional dot plot and Table 1. Note that in Table 1 and 1990: Application of geochemical mapping techniques to a complex Precambrian shield .
Hf, Hg, La, Lu, LOI(loss-on-ignition), Mn, Mo, Na, Ni, Pb, Rb, Sb, Sc, Sm, Ta, Tb, Th, U, W, the following discussion, the bedrock units referred to (e.g., 31a, 514, etc.) represent lithologies area in Labrador, Canada; in Regional Geochemical Mapping, eds., A.G. Darnley and 99.8
Yb and Zn. Data for lake waters include U, pH, and F. These were determined by a combination from the original 1:1,000,000 geology base described above. R.G. Garrett; Journal of Geochemical Exploration, Volume 39, p. 225-247
of INAA (instrumental neutron activation analysis), AAS (atomic absorption spectrometry) and As shown in Table 1 (based on the lithologies selected) the average copper concentration Lynch, J.J. 99
sopeecr:ﬂ'c::”tschmques. Details on the variables determined and methods used are included in each encountered in Iakes_ varies from 1? ppm in areas un_derlam by OrdO\_/|C|a_n sed|me_ms (un_n 51a, 1990: Provisional elemental values for eight new gaochemical lake sediment and stream
p! - . . N southeastern Ontario) _to_ 88 ppm_ in areas unde_rlam by Proterozoic diabase sills (unit 31a, sediment reference materials LKSD-1, LKSD-2, LKSD-3, LKSD-4, STSD-1, STSD-2, o8
Copper data are available for all samples and the analytical procedure used for determining Thunder Bay area), giving 5.2 times contrast in the average copper value that would_be STSD-3 and STSD-4; Geostandards Newsletter, Volume 14, Number 1, p. 153-167
Cu in these is virtually identical for all. A 1.0 gram sample is placed in a test tube; 6 mL of a encountered between the two areas. Furthermore, assuming that the 5th and 95th percentiles WMautice. VT 95 Table 1
mixture of 4M HNO; and 1M HCI are added and the solution is allowed to stand overnight at represent the extent of background variation, it is evident that the range of natural copper aurice, ¥. 1. _ ) ) o ] Rock T
room temperature. After digestion, the test-tube is immersed in a hot water bath at room concentration in lake sediment is considerable. For example, using a lower value of 8 ppm (5th 1977:  Geochemical methods applied to uranium exploration in southwest Baffin Island; The 3‘ ocK lype
temperature and brought up to 90° C and held at this temperature for 2 hours with periodic percentile for unit 51a) and an upper value of 371 ppm (95th percentile for unit 26), 'normal’ Canadian Institute of Mining and Metallurgy Bulletin, Volume 70, p. 96-103 c 90 Total 10 26 31a 38 40 51a
shaking. The sample solution is then diluted to 20 mL with metal free water and mixed. Cu along background values range from 8 to 371 depending on the underlying bedrock geology (a range Ramsey, M.H., Thompson, M. and Hale, M. O
with Zn, Pb, Ni, Co, Ag, Mn, Fe and Cd are then determined by Atomic Absorption of 46 times the lower background value). This illustrates the significance of the concept of "local 1992: Obiactive evaluation of precision reauirements for aeochemical analysis using robust = 80
Spectrophotometry using an air-acetylene flame. The detection limit for Cu is 2.0 ppm Although background". A sample with a value of 100 ppm copper coming from a lake underlain by unit 51a ’ Ji : . B 9 : 9eo b4 y 9 te 3 Number 17,934 111 48 391 1,135 696 107
T X § - . | . ; . . A analysis of variance; Journal of Geochemical Exploration, Volume 44, p. 23-36 O
this is a "partial" extraction, studies have shown that for lake sediments this procedure is very would be highly anomalous warranting further investigation, whereas the same value from a lake ) e 70 Mean 38 49 122 110 31 23 20
nearly a “total” extraction for many trace metals including copper (Davenport et. al., 1992; Lynch, over mafic igneous rocks (unit 26 or 31a) is well within the range of normal background variation. Rogers, P.J., Chatterjee, A.K. and Aucott J.W. = 50 Std. Dev. 54 a6 197 99 a5 12 11
1990). In addition to the regional trends, the proportional dot map identifies local *hot spots’ where 1990:  Metallogenic domains and their reflection in regional lake sediment surveys from the ﬂ>,
Quality Control one or more samples have elevated copper concentrations relative to the surrounding area. Mjgux‘zzgnevlsomhgrg go‘éa Sctot“jy Canladfaqem Rﬁgm_nall SGOIChetr'mca\} 'Ylapplgg = 50
; i i eds., A.G. Darnley and R.G. Garrett; Journal of Geochemical Exploration Volume 39, i
For all NGR surveys, samples are collected adhering to a basic sampling design. This Thels(ej elevateg valueslare n(ojt n_ehcessanly an%m?louTgvhin con(sj|d_?;ed |r; thel contex}_ or e p. 153-174 ¥ 3 E 40 Min <2 8 7 6 S <2 5
incorporates field and blind duplicate and control reference samples which are used to monitor Tolal deteiset, bl 46 elevaled with respect tohellbeal background. Thesellotalanuimdliesre ’ 3 30 5th 10 13 27 22 12 10 8 44°
and control sampling and analytical variance. As a consequence of this stringent quality control natawarthy asfthheyfrr}lay |_nd|.cate ne_ar_by r_mr;)el;jahzaknon. Altedr?anvely ‘he}’_ m.ay bs t?]e result .Of E 10th 14 18 36 32 14 12 9 /
440 and consistency of analytical methods over time, it is possible to generate this regional one or more o t_e oflowing: 1) v_a!'|at|on in: bedrack.type:.an orcomposn_|on, 2) ant ropogenic = 20 ,’
—— | compilation for copper without any significant boundary effects between the various surveys. A !nput; 3) unique limnological conqmons_. Re_gardless of the cause, they define areas of particular o 25th 20 26 55 54 18 16 12
10 ppm Cu value determined in 1978 is directly comparable to a 10 ppm value determined in interest that may warrant further investigations. 10 50th 29 40 82 88 24 21 17
1989, not only from Ontario but from any other NGR lake sediment survey across Canada. 75th 43 60 121 134 33 28 25 7
For every block of 20 c_:onsecutive_ field numbers there are 17_ routine_ﬂeld samples, a 5 90th 64 85 285 200 47 38 33 ,’
control reference sample, blind (analytical) duplicate sample and field duplicate sample. By
using this sampling design, site and analytical variability can be monitored and evaluated. Ideally P 95th 85 108 3n 269 64 43 M /
the observed variation in the copper data is principally a function of the natural geochemical Max 3,030 256 748 1,080 725 151 69
variability of the region from which the samples were collected. However, variability related to 1 II
the process of sampling and analysis can add random error. It has been suggested that for the 05 )
data to clearly describe the natural geochemical variation the combined sampling and analytical : 51a Limestone, dolostone, shale, siltstone (Ordovician)
varialnce sho)ullc__j not be more than 20 tho 25 Ipercem of the total }/a;iance. (rc]iarrett,l 1969; Il:iamsezj/ 02 40  Felsic igneous rocks (Proterozoic) \ /
et. al., 1992). Figure 3 summarizes the relative proportions of the geochemical, sampling an . s . . . o P
analytical variability. The high proportion of geochemical variability for copper relative to 0.1 a5 Wlgmatiteresksand gnglesesprundsiermingd prolaliivFroterezole) DA e =
T~ sampling and analytical variance indicates that the data quality is good, and the data clearly 1 10 100 31a Logan and Nipigon sills - diabase sills (Proterozoic) “ CA N A - —— K M E RiIC A
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