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I.M. Kettles

INTRODUCTION

In 1984, a programme of systematic overburden sampling was initiated in the
Gatineau region (parts of NTS map sheets 31F/9, 31F/10, 31F/14, 31F/15, 31F/16,
316/5, 316/12, 31613, 31J/04, 31J/12, 31J/13, 31K/01, 31K/02, 31K/06, 31K/07,
31K/08, 31K/09, 31K/10, 31K/15, 31K/16, 31N/01, 31N/08, 310/4, and 310/5) (Figure
1). This work was a continuation of similar surveys carried out in adjoining
parts of southeastern Ontario including the Frontenac Arch area (Kettles and
Shilts, 1983;.Kett1es, 1988), and in the St. John valley, New Brunswick (Kettles

and Wyatt, 1984; 1985). The project was designed to quantify regional variation

in drift composition in order to provide baseline data for use in assessing the
sensitivity of the terrain to the effects of acid rain. For this purpose, two
groups of compositional characteristics were mapped: (1) textural and carbonate
composition (the buffering components) (Table 1) and (2) concentrations of
naturally occurring trace and minor elements (potential sources of environmental
contamination if released by acid Teaching or by exchange reactions with
groundwaters) (Table 2). Much of the information obtained from the study can also
be used as an aid to mineral exploration in the area.

The rationale behind the sampling plan was to collect, wherever possible, the
surficial sediments most representative of the debris load carried by the last

glacier to pass over the sample site, or where true glacial sediments are covered
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by a continuous mantle of postglacial sediments, to sample those sediments which
have the greatest influence on the near-surface environment. As a result of these
strategies, the database generated as part of this project comprises information
for different types of sediment. Ti1l, which has been transported only by ice, is
considered to be most representative of the debris load carried by the last
glacier to cross the sample site. In upland areas, ti1l was generally readily
available for sampling, but where absent or inaccessible, glaciofluvial or outwash
sands and gravels were collected. At low altitudes, glaciolacustrine silty clay
or fine sand was sampled where it formed the predominant surface cover atong the

Ottawa and Gatineau River valleys.

GEOLOGICAL SETTING

The eastern and most of ﬁhe southern parts of the study area are underlain by
Precambrian-age rocks which are part of the Central Sedimentary Belt (Baer et al.,
1971). These are characterized by extensive areas of carbonate met&sediments and
smaller areas underlain by metavolcanic and noncalcareous metasedimentary rocks
and, also, mafic and felsic plutons. The crystalline terrain to the west
comprises medium to high grade metamorphic gneisses of the Ontario Gneiss Belt.
Along the southern margin of the study area, Paleozoic 1imestone underlies part of
the Ottawa valley.

Numerous mineral occurrences have been discovered in this part of Quebec to
date. Locations of many of the major ones listed in Geological Survey of Canada
Canadian Mineral Occurrence Index (CANMINDEX) are shown in Figure 2 and explained
in Table 3. The most common types are sulphide deposits, particularly sphalerite,
in marble (Gauthier and Brown, 1980), uranium and thorium minerals in pegmatite
veins, magnetite in pyroxenite and pegmatite, and molybdenite in pyroxenite and

schist. Zinc has been mined at Calumet and iron at Bristol.
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The predominant ice flow direction during the Wisconsinan (last) Glaciation
was southerly to southwesterly. During the last stages of glaciation, one lobe of
ice flowed southeastwards, retreating up the Ottawa valley. The Precambrian
Highlands are covered by a discontinuous blanket of till, 0-3 m thick.
Stratigraphically, only one unit of ti11, which is associated with the last (late
Wisconsinan) glacial expansion of the Laurentide Ice Sheet, has been identified in
the area (Sharpe, 1978). Valleys are filled with ti11 covered by or reworked into
outwash, esker, or ice contact sand and gravels.

Along Ottawa and Gatineau valleys glaciomarine and glaciolacustrine sediments
predominate. The Ottawa and lower Gatineau valleys were inundated by Champlain
Sea, while the upper part of the Gatineau valley was covered by a late glacial
lake, the limits and history of which are at present‘poor1y understood (Dadswell,
1974).

PROCEDURES

Samples were collected from road and stream cuts and from sand and gravel
pits. Care was taken to sample below signs of frost disturbance to ensure that
the sample was uncontaminated. In nearly all cases, samples were collected below
the postglacial solum, although some samples were collected in profile from
unweathered glacial sediment up through the solum developed on it. In the
Gatineau and Ottawa valleys, one sample was taken about every 10 sq. km. In more
remote areas, however, the sampling density was much less as it was controlled by
the degree of road access.

In this study, the clay-sized (<2 pm) fraction of the sediments was selected
for trace element analyses. Results of experiments undertaken to study trace
element partitioning in till (Shilts, 1984) indicate that there is a larger amount
of metal in clay-sized than in coarser parts of the till matrix. Because of its

high internal surface area, the fine component reacts preferentially with
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solutions passing through the drift; even small amounts of clay-sized detritus can
have a major effect on the chemistry of ground or surface waters. In addition,
high trace element-concentrations in the clay fraction may.reflect mineralization
(Shilts, 1973).

Clay separated by centrifugation and decantation was analyzed by Bondar-Clegg
and Co. Ltd. for Cu, Pb, Zn, Co, Ni, Ag, Cr, Mo, Cd, Fe, Mn, and Hg after
treatment with a hot HNO3-HC1 Teach, using standard atomic absorption techniques.
As and U were analyzed using colourimetric and fluorimetric techniques,
respectively. |

The carbonate content of the silt plus clay-sized fraction (<63 pm) was
determined for most samples. Although carbonate minerals tend to occur in the
silt-sized portion of the glacial sediment matrix (Dreimanis and Vagners, 1971),
the entire silt plus clay-sized fraction was analyzed because it is very difficult
and time-consuming to remove all clay from the silt-sized fraction. Measurements
were made using a Leco carbon analyzer éfter a method devised by Foscolos and
Barefoot (1970). Samples were burned twice at high temperatures -- once untreated
and once after treatment with hydrochloric acid. Each time, the amount of carbon
dioxide evolved was measured. The portion from the HCi-treated run is thought to
represent the non-carbonate carbon such as graphite, Quaternary or modern plant
detritus and other organic compounds. The difference between the two values is
converted to the CaCO3 equivalent, calculated as if all carbon were derived from
calcite.

Grain size composition of the <2000 ym fraction was determined using standard

sieve and pipette procedures.




RESULTS AND DISCUSSION

Results of trace element, carbonate, and textural analyses of samples are
presented-and-explained in the data tists (Tables 1 and 2) for this report.

Tills in southwestern Quebec are sandy and stony. The textural composition
of 361 samples analyzed, averaged 70% sand (2000-63 um), 24% silt (63-4 um), and
6% clay (<4 pm), with ranges of 21-98%, 1-67% and 1-12% respectively.

Concentrations of carbonate are low (<1% CaC03 equivalent) in all glacial
sediments overlying Canadian Shield terrane. A1l 27 samples with concentrations
greater than 3% were collected in drift overlying or just down-ice from Paleozoic
limestone. The low concentrations of carbonate minerals in glacial deposits
overlying the marble belts, and high concentrations in sediments, associated with
Paleozoic rocks, suggests that carbonate components were more readily glacially
eroded from Paleozoic terrane than from Precambrian marbles. The former,
comprised of flaggy, flat lying unmetamorphosed rock, likely were more easily
plucked and entrained by overriding ice than the massive, little fractured, and
frequently coarse-grained marbles.

A disproportionate number of samples collected in glaciofluvial or outwash
sand and gravel samples have high concentrations of many trace elements,
especially Fe, in the clay-sized fraction. A large proportion of the clay-sized
detritus in these samples is composed of secondary minerals consisting primarily
of Fe-Mn oxides and hydroxides, and may include some authigenic clay. These
secondary minerals form as primary silicate and sulphide minerals break down
(Shilts, 1973). Becausé these secondary clay-sized materials have a high cation
exchange capacity compared to the clay-sized fraction of adjacent unweathered
ti11, they scavenge cations from groundwater solutions. In this way, metal levels
are built up in weathered sediment which are in excess of those in primary

“glacial" clay fractions of adjacent deposits. As a result, it is difficult to
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to interpret which part of the geochemical signal for these samples represents
provenance, and which part, is an artifact of weathering.

In the cover-of-til11-and glaciomarine and-glaciolacustrine sediment, there
are numerous small to large areas of trace element enrichment. Minor areas of Cu
(>200 ppm), Co (>6 ppm), and Hg (>200 ppb) enrichment are scattered over the study
area. Highest concentrations of Pb (>32 ppm) and Ni (>95 ppm) are found overlying
the Shie]d rocks along the northern edge of the Ottawa valley. In the Gatineau
Valley, Pb Tevels are also high between Maniwaki and Grand Remous, and N: between
Montcerf and Lepine. Fe is enriched over large areas in the upper part of the
Gatineau valley and south of Maniwaki, while levels of Mn are high south of
Maniwaki. Because most of the bedrock maps available for this area are
reconnaissance scale, it is usually difficult to relate areas with high trace
element levels in these types of drift to specific bedrock sources.

Concentrations of other elements in drift are generally 1owb(Ag (<1 ppm), As
(almost all samples <4 ppm), and Cd (<1 ppm)).

Regional distribution patterns of Zn and U can easily be related to
underlying bedrock composition. Areas with high concentrations of Zn (>200 ppm)
are most often associated with marbles, which are known to contain zinc
mineralization in this region (Gauthier and Brown, 1980). Large areas of U (>6
ppm) enrichment, centered on and extending southeastward from 45°50'N and 76°35'E,
are underlain by granitic intrusive rocks. In both cases, however, correspondance
with known occurrences (Figure 2) appears to be limited.

Regional distribution patterns of trace elements can also reflect. changes in
the sediment facies sampled. Concentrations of Cu, U, Co, Pb, and Ni are low, and
Cr levels are high in glaciomarine and glaciolacustrine sediments along the Ottawa
and Gatineau valleys. The samples of ti1l and glaciofluvial or outwash sand and

gravel, each have a wide range of concentrations for the first five elements. The
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means, however, around which values for glaciomarine and glaciolacustrine samples
cluster (Kettles and Shilts, in press), are Tow. Hence, there is a pattern of low
~ concentrations in drift in regions where silty clay sediment forms the predominant
surface cover. In contrast, the mean concentration level for Cr in fine grained
sediments is distinctly higher than the means for ti11 and glaciofulvial or
outwash sand and gravel samples. These elevated levels of Cr most 1ikely reflect
enrichment in Cr derived from the mafic rocks in the upper Gatineau valley
(Kettles and Shilts, in press).

In summary, the till-covered upland areas of the Gatineau region are
considered potentially more sensitive to the effects of acid rain than those
regions covered by silty clay along the Ottawa and Gatineau valleys. Although
sediments in both areas, with a few exceptions, are carbonate-poor, glaciomarine
and glaciolacustrine sediments, form, near the Ottawa and Gatineau rivers and
their tributaries, a thicker more areally consistent cover of fine-grained
detritus. As well as being discontinuous (0-3 m), tills of the Gatineau region
are also sandy. Unless siity clay sediments have very high concentrations of
various trace elements (which in this area they generally do not), they should be
better able, by exchange reactions, to buffer acids and reduce abnormal levels of
noxious trace elements. They have a much larger internal surface area and
therefore reaction surface, than do coarse grained or outcrops of bedrock.

Areas with high or anomalous concentrations of trace elements have been
delineated in both upland and valley regions. Where potentially noxious elements
are enriched, they may be 1iable to be displaced from their host minerals into the
terrestrial or aquatic systems by the excess of protons introduced in these nature
systems by acid rain. If released in sufficient quantities, damage to wildlife,
vegetation, and human and human health could be expected. These same trace
element-enriched regions, however, may also serve as target areas for further

mineral exploration work in this part of the Grenville Province.
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FIGURES

Figure 1. Map of sample locations, Gatineau region, southwestern Quebec. Sites
of ti11 samples denoted by ".", glaciofluvial and outwash sand and gravel samples
by "x", and glaciomarine and glaciolacustrine silty clay samples by "A ", and
major and minor roads by " ",

Figure 2. Map of known mineral occurrences, Gatineau region, southwestern Quebec
from CAMINDEX (Pickiyk et al., 1978). Numbered occurrences are described in

Table 3.

TABLES
Table 1. List of carbonate and textural composition data for glacial sediment
samples collected in Gatineau region, southwestern Quebec.
Table 2. List of trace element data for glacial sediment samples collected in
Gatineau region, southwestern Quebec.
Table 3. List of known mineral occurrences for the Gatineau region, southwestern

Quebec, from Canmindex (Picklyk, et al., 1978).
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Table 3

Number Commodity Occurrence Type
2 Fe - massive deposit in marble
3 Fe magnetite in quartz
4 Fe iron in marble
5 Fe disseminated
6 Fe, Ti hematite and ilmenite in gabbro
7 Zn,Fe,Cu,Pb,Cd,Hg |sphalerite in vein or disseminated in
marble
8 Zn,Fe,Cu, Cd sphalerite in pyroxenite; iron in marble
Fe magnetite in pyroxenite
10 Mo molybdenite disseminated in pyroxenite

11 U, Th, Cu, Co, Ni, Fe allanite in metamorphic pyroxenite

12 Mo molybdenite in pegmatite

13 U,Chb uranium and niobium in pegmatite

14 Cu, Co, Ni, Ag, Be, Ga, |Cu-Co-Ni-Asin pyritiferous vein
Pd

15 Fe mica in pegmatite

16 Fe graphite in gneiss

17 Fe magnetite in pegmatite

18 Mo molybdenite disseminated in metamorphic
pyroxenite

19 Fe fluorine disseminated in aplite

20 U, Th thorianite and allanite in leucopegmatite

21 U, Th uraninite and uranothorite in pegmatite
dykes

22 U radioactivity in pyroxenite

23 U, Th, Fe, Cu, Mo disseminated in pegmatite

24 U uranium in pegmatite

25 U, Mo, Zn, Pb galena, sphalerite, molybdenite and

uranothorite in pyroxenite

26 U,Cb uranium and niobium in pegmatite

27 U, Th uranothorite in coarse granite




Number Commodity Occurrence Type
28 Mo, Cu molybdenite disseminated in pyroxenite
and schist
U, Th thorium disseminated in marble
29 Mo, Cu molybdenite disseminated in pyroxenite
30 Th, U, Cu thorium disseminated in pegmatite and
pyroxenite
31 Mo, Cu molybdenite disseminated in gneiss and
aplite
32 Mo, Cu molybdenite and sulphide ion pegmatite
33 Fe disseminated in paragneiss
34 Fe not listed
35 Cu, Ni, Co, Au, Ag possibly disseminated in pyroxenite
36 Cu,Zn,Cr,Ni, Ag Cu-Zn disseminated in metamorphic rocks
37 Cu not listed
38 Fe,U, Th in vein in pegmatite
39 Zn, Mo Cu, Zn, and Mo disseminated in gneiss and
marble
U, Th, Mo, Zn, Cu, Ni, molybdenite disseminated in pegmatite and
W gneiss
40 U, Th, Cu, Mo, Cb, Zr, molybdenite disseminated in pegmatites
Ti, Fe
41 Mo disseminated in pegmatite
42 Fe, Cu massive and disseminated magnetite in
amphibolite
43 U graphite disseminated in paragneiss
Mo, Th molybdenite disseminated in pyroxenite
Mo, Cu substitution
44 U, Mo, Cu uraninite disseminated in skarn and
pyroxenite; graphite disseminated in
paragneiss
45 Mo, Fe, Ti, U pegmatite or magmatic segregation
46 W, As, Cu, Au pegmatite and quartz in paragneiss
47 Mo molybdenite disseminated in skarn and
pegmatite
48 Mo, Ti substitution




Number

49

Commodity
Zn,Pb, Au, Ag, Cu

Occurrence Type

massive and disseminated sphalerite and
galena in skarn

50 Cu, Ni magmatic segregation

51 Mg, Fe brucite aggregates in brucitic limestone

52 U, Th magmatic segregation and filling

53 U, Cb, Ta, Ni, Zr, Fe, magmatic segregation

Cu,Zn _

54 Mg, Fe brucite and magnetite in brucitic limestone

55 U, Th,Zn, Cu uranium and thorium disseminated in
gneiss pegmatites

56 U, Th U-Th in pyroxene skarn

57 Th, Cu, Fe magmatic segregation and filling

58 U, Th massive and disseminated fluorine in
marble;
uranium-thorium in pyroxene skarn

59 U, Th, Ti, Mg substitution

60 U, Th uranothorite disseminated in pyroxene
skarn

61 U, Th, Mo radioactivity in pegmatite

62 Mo molybdenite disseminated in pyroxene
skarn

63 Mo, Cu molybdenite disseminated in skarn

64 U, Th, Mo uranothorite disseminated in pegmatite

65 U, Th, Mo uraninite and uranothorite disseminated in
skarn

66 U radioactivity in pegmatite

67 U,Th uranium disseminated in granite and
syenite

68 U, Th uranium-rich thorianite disseminated in
skarn

69 U, Th uranium-thorium disseminated in skarn

70 |Mo apatite and mica disseminated in
pyroxenite

71 Fe, Ti lenses magnetite and ilmenite in gabbro




Number Commodity Occurrence Type
 ——— e |

72 Fe, Ti magnetite and ilmenite in quartzo-
feldspathic rocks

73 Cu chalcopyrite and malachite disseminated in
marble

74 U, Th disseminated in granite and pegmatite;
radioactivity in arkose

75 Fe, Ti magnetite-ilmenite disseminated in
anorthosite

76 Zn, Cu sphalerite associated with marble and
gneiss contact

77 Mo, U, Th, Cu molybdenite and radioactivity in pegmatite

78 U, Th, Ti, Zr radioactivity in pegmatite

79 U, Th radioactivity in pegmatite

80 Fe iron-rich soil and iron nodules

81 U disseminated in pyroxenite

82 Mo pyrite and pyrrhotite disseminated in
gneiss

83 U radioactive minerals disseminated in
granite

84 Fe massive and disseminated vermiculite in
pegmatite

85 Fe phlogopite disseminated in hornblende
skarn

86 Fe, Cu massive and disseminated magnetite and
hematite in metasomatic or
metasedimentary rock

87 Fe massive and disseminated magnetite in
marble

88 Mo mica associated with contact between
pyroxenite and gneiss

89 Mo, U, Th, Ag, Au hydrothermal deposit

90 U, Mo, Cu disseminated in pegmatites

91 U hydrothermal deposit

92 Mo, Cu substitution; metasomatic rocks

93 U disseminated in pegmatite

94 Cu,Zn,Pb vein in marble




Number Commodity Occurrence Type
| 9% |Mo,Ti  |micainpyroxenite |

96 Mo magmatic segregation

97 U, Fe,Zn disseminated in pegmatite

98 Mg, Fe metasomatic rocks

99 Cu,Zn apatite and mica in pyroxenite

100 Fe, Ti, Ba hematite in feldspathic gneiss

101 Fe,Zn, Ti massive and disseminated apatite in
pyroxemite

102 Fe massive and disseminated magnetite in

| diorite

103 U mica, feldspathic minerals and uraninite in
pegmatite

104 U, Th, Zr, Be mica and feldspathic minerals in pegmatite







