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INTRODUCTION

During the late 1970s the Ontario Geological Survey 
and the Geological Survey of Canada jointly com 
pleted a series of reconnaissance geochemical 
maps based on lake sediments and waters in the 
area along the northern shore of Lake Superior and 
further west. These maps (GSC-OGS 1978a, 1978b, 
1979a, 1979b) included information on the pH of 
waters of some 4600 lakes.

In 1980 the Ontario Geological Survey com 
menced a research program aimed at the study of 
effects of "acid rain" on lakes to Ihe north and east 
of Lake Superior with Ihe general objective of relat 
ing the geochemical stratigraphy of deep basin lake 
sediments to thj? acid rain problem This work was 
carried out by a team including a limnologist (M. 
Dickman, Professor, Brock University), a palynologist 
(J. Terasmae. Professor, Brock University) and geo 
chemical staff of the Ontario Geological Survey 
(Fortescue er at. 1981. 1984). Briefly, by 1983 a 
method had been developed for the description of 
the pH history of lakes, which is based on detailed 
studies of the abundance of diatoms in the top 
25 cm of lake sediment (Dickman and Fortescue 
1984).

Prior to 1983, all of the studies by the team had 
been concerned with lakes located to the north and 
east of Lake Superior, especially around Wawa 
(Fortescue et a!, 1981, 1984). In 1983 it was decided 
to test the methods thai were developed around 
Wawa in a new area where different limnological 
and geochemical conditions were to be expected. 
The 1983 study was completed northeast of Sudbury 
where lakes known to have been affected by acid 
rain from the Sudbury smelters occur.

The team completed the field work during a 
10-day period in late July and early August, 1983. 
Chemical analysis of Ihe waters and take sediment 
material were completed during the Winter of 
19B3/84. This broadsheet was compiled in the Sum 
mer of 1985.

OBJECTIVES

The project had the following objectives:
1. to complete a limnological/geochemical study 

of 40 lakes located in a 100 by 10 km sampling 
strip extending northward from Lake Wanapitei 
across the area affected by the fallout of 
chemicals from the plume from the Sudbury 
smelters'in order to establish a working curve 
for future diatom-inferred pH measurements in 
the area and lo establish the effects of the 
Sudbury smelter fallout on the geochemistry of 
surface midbasin lake sediments

2. to intensively study a 10 by 10 km area located 
within the sampling strip to establish a tech 
nique for regional geochemical sampling of lake 
sediments in the area affected by smelter fal- 
loul of trace elements

3. lo draw conclusions from the limnological and 
geochemical studies concerning planning of fu 
ture regional geochemical mapping in the area

METHODOLOGY

1. CHOICE OF STUDY AREA

The 10 km wide sampling strip extends 100 km north 
from the shore of Lake Wanapitei (Figure 1) and 
includes Frederick Lake, Solace Lake, Smoothwater 
Lake and across Highway 560 to Longpoint Lake 
(Figure 2) The area was located using the overprin 
ted U.T.M. grid on 1:50000 National Topographic 
Series maps and was subdivided into 10 by 10km 
squares (i.e. micromodules, see Fortescue 1983). 
These were further subdivided into 5 by 5 km 
squares (micromodule quarters, see Fortescue 
1984), within each micromodule quarter 1 lake was 
identified for study. The lakes are referred to by the 
code letters which are plotted on Figure 2. Within 
the sampling strip a 10 by 10km area was des 
ignated for intensive sampling (Figure 3). This area 
includes sample Lakes R3. R4, 01, and Q2 (Figure 
2). The intensive sampling area was divided into 16 
2.5 km squares. Two lakes or ponds were desig 
nated for sampling within each of these squares.

LOCATION MAP Scale: 1:1 584000
or 1 inch to 25 miles

Figure J. Location of the area sampled. The extensive 
sampling area is highlighted. ~  ^^^

Almost all of the sampling strip is underlain by 
the Gowganda Formation or the Lorrain Formation, 
both belonging to the Huronian Supergroup of Mid 
dle Precambrian age. The Gowganda Formation is a 
heterogeneous sequence of conglomerate, arkose, 
and wacke. The Lorrain Formation is a sandstone 
with local siltstone and quartz-pebble paracon 
glomerate beds (Dressler 1982). In general, the bed 
rock's contribution of elements to the lake sedi 
ments in the area was expected to be low. Con 
sequently, if calcareous drift is absent in the area, 
then lakes that are low in nutrients (Le, oligotrophic 
lakes) are likely to be common.

The area that was chosen for the intensive 
study is also within the Sudbury smelter plume. This 
should result in a lower pH of lakes due to acid rain 
fallout and which would also provide abnormal 
amounts of nickel and copper in the topmost lake 
sediment (i.e. Post-Ambrosia) material.

2. SAMPLING PROCEDURE

Similar limnological and geochemical sampling 
methods were applied to the sampling strip as a 
whole and to the lakes included in the area selected

"Much information on the distribution of chemical 
elements in rocks and their redistribution in the 
surface environment has been obtained as a result 
of progress in geochemistry, particularly during the 
last decade. Nevertheless, levels of trace elements 
and lo a lesser extent those of major elements 
cannot be predicted reliably using geological maps."

J.A. Plant and R. Raiswell, Applied Environmental 
Geochemistry, p.36. edited by lan Thornton, Aca 
demic Press, 1983.
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(or detailed study Within the sampling strip, field 
work was completed using a crew of 3 in a Bell 206 
helicopter fitted with floats. Under favourable con 
ditions, the team was able to sample up to 30 lakes 
per day.

At each lake sample point, the limnologist de 
scribed the setting of the lake and the general 
nature of its waters. Observations of the pH. tem 
perature, conductivity, and dissolved oxygen in the 
water column were made at 1 m intervals to the 
bottom of Ihe lake using a special probe 
(HydroprobeJ. Secchi disc depths were also taken. 
Sampling of the water was carried out using an 
integrating sampler to a depth of 5 m in deep lakes 
and from the surface in shallow lakes. One litre 
samples of water were collected from each lake. 
Lake sediment material was collected using an Ek 
man dredge to sample surface sediment.

The same procedure was used for the collection 
of samples and information from the area where 
detailed sampling was completed except that, in 
stead of an Ekman sampler, a gravity sampler 
(developed by the Ontario Geological Survey) was 
used to obtain short cores (i.e. 30 to 50 cm long).

The pH of the water samples together with alka 
linity was determined within 24 hours of collection in 
a laboratory set up at the base camp. After the 
intensive area sampling was completed, 2 long 
(about 50 cm) sediment cores were obtained from 
selected lakes for detailed diatom-inferred pH study.

3. SAMPLE PREPARATION ,

The remainder of the water sample was kept cool in 
a refrigerator and transported to the Geoscience 
Laboratories, Ontario Geological Survey, Toronto, 
where pH, sulphate, conductivity, calcium, and mag 
nesium delerminations were carried out. The Ekman 
dredge sediment samples were divided into 2 parts, 
one for diatom measurements and the other for 
geochemical analysis. The short core from the inten 
sively studied area were kept cool and transported 
to Toronto for extrusion and sampling. In Toronto, 
the core was divided into a Pre-Ambrosia subsample 
(collected from a depth greater than 25 cm) and a 
Pos\-Ambrosia subsample (collected from a depth of 
O to 12 cm). The subsamples lor chemical analysis 
were freeze-dried prior to being sent lo the Geosci 
ence Laboratories and other contracted laboratories

4. CHEMICAL ANALYSIS

The Ekman samples were submitted to the Geosci 
ence Laboratories, Ontario Geological Survey, To 
ronto, for trace element analysis for elements likely 
to be included in fallout from the smelters at Sud 
bury (i.e. nickel and copper) and other elements 
whose content in the sediment was expected to be 
normal (e.g. zirconium and niobium). The samples 
from the intensive study were sent for multielement 
analysis under contract by Barringer Magenta Limit 
ed, Toronto. In each case a reference standard mix 
ture was prepared for quality control purposes. Sub 
samples of the mixture were submitted for analysis 
randomized within the batches of unknown samples 
and the data obtained from them tabulated to pro 
vide information on the performance of the analyt 
ical methods.

5. DATA PROCESSING '

The results from the study of the diatoms in the 
Ekman samples were used by M. Dickman and his 
coworkers to prepare a working curve for the inter 
pretation of diatom data. The curve was then used 
to interpret data from the 2 sediment cores from the 
area of detailed sampling.

The chemical data was tabulated. For compara 
tive purposes relating to fallout from the smelter. 
nickel, copper, zirconium, and niobium data sets 
were transformed into Clarke Index-l units by a 
method described in detail elsewhere (Fortescue, in 
preparation). Briefly, the Clarke Index-l relates the 
content of an element in sediment to an estimate for 
the level of that element in the earth's crust as a 
whole. When geochemical data that is transformed 
in this way is plotted using a uniform format from 
element to element, geochemical comparisons can 
be made between element patterns based on the 
use of the Clarke Index-l as a datum. The use of the 
Clarke Index is of particular interest in geochemical 
mapping because it provides a datum for compari 
sons of patterns of elements (i.e. in lake sediments).

6. INTERPRETATION OF THE PATTERNS [

The data obtained from limnology and geochemistry 
during the project are tabulated in full on this sheet 
for reference purposes. The results of the project 
that are pertinent to acid rain and geochemistry are 
written up under 2 headings; Limnology, and Geo 
chemistry. At the end of this broadsheet some gen 
eral conclusions are drawn regarding the planning of 
future regional geochemical surveys in the Sudbury 
area.

LIMNOLOGY
DIATOM-INFERRED pH

Section prepared by M. Dickman

Before it is possible to infer the pH of a lake based 
on its sediment diatom species composition, a cali 
bration curve must be constructed. In order to con 
struct the Sudbury lakes calibration curve, 39 lakes 
(Q1 to Z3) were sampled. The pH of their surface 
water (using a O to 5 m integrated sample) was 
measured, and the surface sediments of each lake 
were sampled using an Ekman dredge. The ratio of 
acid to alkaline indicator diatoms in these surface 
sediments was calculated according to the following 
formula to give log alpha (loga ):

, . "/6 acidophilic diatoms * 'Ki acidobiontic diatoms X 5 Log alpha s -                  ;           
y* alkalophilic diatoms + 'fa alkaiobiontic diatoms X 5

Log alpha ranges from a high of 1.65 to a low of 
-1.07 (Table 1). When log alpha is regressed against 
observed pH, a highly significant relationship results 
(R^ -0.87, P = 0.01. m = 39). This relationship is 
described by the equation "Y - 5.86 - 1.25 log 
alpha" where "Y" is the observed pH.

The regression equations for observed pH (Y) 
vs. log alpha for each of 6 published studies (Davis 
ef a/. 1981: Del Prete and Schofield 1981; Fortescue 
et a!. 1984; Merilainen 1967; Norton ef a/. 1981; 
Nygaard 1956) as well as the Sudbury study are 
provided in Figure 4. From this comparison (Figure 
4) it is evident that the Sudbury lakes are unique. 
Their regression equation is significantly different 
from all of the other published studies. The reason 
for this is likely due to the high heavy metal content 
in the Sudbury lakes. This has resulted in the growth 
of a rather different group of diatoms than those 
studied previously (Fortescue er a/, 1984). This is 
evident from the large percentage of alkalophilous 
indicator (diatom) species in the acid lakes near 
Sudbury. In the "W" lakes (where pH ranged from 
5.1 to 5.7 and alkalinity ranged from -O.B4 to +0.5 
microequivalents/l) up to 59 0Xo of the diatom taxa 
were alkalophilous forms (Table 2). Similarly, in the 
"S" lakes where pH ranged from 4.9 to 7.0, and 
alkalinity from -1 to 11.9 microequivalents/l. the per 
centage of alkalophilous diatoms ranged as high as 
75 0Xo (Lake SI, Table 3). Thus Ihe Sudbury lakes are 
unique in their high percentage of alkalophilous 
taxa.

Notwithstanding the above, it is still possible to 
use the calibration curve (Figure 4) to estimate the 
paleo-pH of a lake from its downcore diatom log 
alpha. This was attempted for only 2 of the study 
lakes, Lake KN4 (Figure 5} and Lake KH4 (Figure 6). 
The Ambrosia rise in Lake KN4 (Figure 5) occurs at 
15 cm. It occurs at 16cm (Figure 6) in Lake KH4. 
Thus sedimentation rates over the last century were 
roughly the same for both of these lakes. Lake KH4 
is moderate in depth (21 m) and well oxygenated at 
the bottom. Its Secchi transparency (15.4 m) and its 
deep blue colour indicate that the lake is 
oligotrophic. In contrast, Lake KN4 is a shallow (4 m) 
bog lake with humic rust-orange coloured water 
(Secchi depth of 0.7 m).

The temperature-corrected conductivity of bolh 
lakes is similar (34 to 42 microequivalenls/l for Lake 
KH4, and 29 to 41 microequivalenls/l for Lake KN4). 
Their pH range is also similar (4.8 to 5.0 for Lake 
KH4, and 4.5 to 5.7 for Lake KN4). The profundal 
waters of the bog lake (KN4), however, are nearly
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anaerobic while those of the oligotrophic lake (KH4) 
are supersaturated with oxygen due to the moss 
carpet on the lake's bottom.

During the past 30 years (O to 5 cm assuming an 
average sedimentation rate of 1.6 mm/year) the 
diatom-inferred pH of the bog lake (KN4) has fluc 
tuated between 4.3 and 4.7 with a mean pH of 4.5 
(Figure 5). Thus there is no indication that this lake 
has been acidifying during the last 30 years. By 
contrast, the diatom-inferred pH of Lake KH4 has 
dropped from 5.8 at 4 cm to 5.3 in its surface sedi 
ments, roughly half a pH unil in the last 20 years. 
Furthermore, the observed pH of this lake (4.8) is a 
full pH unil lower than its average pH (Figure 6). 
This would indicate that Lake KH4 is undergoing 
rapid acidification.

DESCRIPTION OF SELECTED LAKES

In order to provide information on the variety of 
lakes encountered along the sampling strip (Figure 
2); field data for 10 lakes (one in each micro 
module) have been listed on Table 4. The data 
evidences the variation which occurs within the 
lakes of the area. For example, the range in depth of 
centre basins is from 4 m (Lake 02) to 30 m (Lake 
W3). Similarly, the Secchi depth varies from 2.9 m 
(Lake Z1) to 12.5m (Lake W3). The notes below 
each lake's description in Table 4 indicate the vari 
ability of the conditions within the lake basins and 
lakes themselves.

The tabulated data for the 4 parameters mea 
sured within the water column by the probe evi 
dences more uniform conditions, particularly in the 
topmost 5 m of the water (Table 4). The range o! 
surface water temperature was 21.7cto 24.7UC with 
the lowest surface temperature being in the deepest 
lake (W3). The pH measured by the probe indicated 
generally stable acidity conditions in the top 5 m of 
the water column An exception is in Lake S1 where 
the pH was found to range from 7.0 to 8.2 in the top 
5 m of water. Although the conductivity, water tem 
perature, and dissolved oxygen data obtained from 
the probe are considered reliable as a first approxi 
mation, the data from the pH meter is less so. This 
is because the field water hydroprobe pH data was 
found to read consistently low compared with the 
laboratory results obtained within a few hours of 
collection. Consequently the pH data on Table 4 
should be used to indicate pH trends with depth 
only and not absolute values. The laboratory pH 
data on Table 5 should be used for comparative 
purposes. The dissolved oxygen at the lake surface 
is usually about 8.8 ppm and ranges from 7,9 ppm to 
8.9 ppm. In general the conductivity is low (i.e. be 
low 40 ^mhos/cm) except in Lake Z1 near Ihe 
Walsh Mine (Miller Lake) where it is 61 to 80 
^mhos/cm, associated with a pH of 7.4 to 7.7.

In summary, within the 10 lakes selected for 
discussion, the setting and nature of the lakes var 
ies considerably. However, the physiochemical con 
ditions within the lake water columns are less vari 
able, particularly within the topmost 5 m of the wa 
ter.

Table 1 . Data for the calibration of the Sudbury diatom- 
inferred pH curve for individual lakes along the sampling 
strip.

Lake

KW1

KW2

KW3

KW4

K51

KS2

KS3

KS4

KR1

KR2

KR3

KR4

KX1

KX2

KX3

KX4

KV1

KV2

KV3

KV4

KZ1

KZ2

KZ3

KZ4

KU1

KU2

KU3

KU4

KQ1

KQ2

KQ3

KQ4

KY1

KY2

KY3

KY4

KT1

KI2

KT3

pH 

(observed)

7.94

4.10

6.10

4.20

7.00

5.70

4.54

7.18

4.03

4.59

4.20

4.27

5.01

4.40

5.30

3.90

4.00

4.40

5.25

4.20

6.50

6.40

6.80

7.08

5.20

5.80

4.12

5.94

5.30

4.32

5.20

5.56

8.20

8.60

6.50

3.80

7.40

5.30

5.14

PH

(Inferred)

6.39

4.59

6.10

3.80

7.20

5.45

5.16

6.30

5.59

4.64

4.76

5.39

6.14

3.96

5.63

3.56

5.14
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5.8Z

5.77

5.52

7.55

4.97

6.22

5.64

5.54

4.69

5.15

4.32

5.72

7.15

7.72

5.81

3.69

7.50

4.17

5.05

log 

alpha

-0.42

1.02

-0.19

1.65

-1.07

0.33

0.56

-0.35

0.22

0.98

0.88

0.38

-0.22

1.52

0.19

1.84

0.58
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-1.35

0.71

-0.29
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-0.26
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Figure 4.Caiibration curves for the 7 equations listed.
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Table 2. List of diatom taxa identified in the surface sediments of Lakes KW1, KW2, KW3, and KW4. alpsalkalophilic, 
ci^circumneutral, acp^acidobiontic, indsindifferent, - spH indicator status unknown.

Achnanlhes Bor^

eilgua Grun. (alp)

f ln.fll t (Kutl.) Brun. (1nd)

Ucunarum Must. 1 - )

linceolata (Breft.) Grun. (alp)

H nun i (U.Sn.) Grun. (alp)

mrginulatt Grun. (acp)

 1nutisslBS Kuti. (clr)

Actlnella Lewis

punctata Lfvls (acb)

Anchor a Ehr. ei Kut2.

ovalis Kut(. (alp)

Anonennel 5 Pfltz.

folHs (Ehr.) CI. (cir)

tertins *ar, brtchyjirt
(Breb. ex Kuti.) Hust. (acp}

seHans (Breh. fi Kutz.lcl. (acb)

vitrei (Grun.) Hoss. (dp)

AsttrionelU H*is.

foneosa Hass (Ind}

Cal one H CI .

vantrlcosa (Ehr.) Heist. [alp!

CyclotellB Kutz.

corns (Ehr.) (Lot!. (etr]

  negM m ana Kutl. (lip!

ocelli t i Pant. (ind]

stelltgera (CI .iGrun]V.H. [alp]

Cymbeils Ag.

angustm (M. Gm.} Ci. (alp)

eesatii (Rlt.hlGrun.Cl. U.S. (clr]

cusp t di t s Kutz. [alp]

h*brld1cB Kuti. [Ind]

lunata W. 5m. [c1r]

mlcrocephala Grun. (cir]

Blnuti mise ex Rabh. [ctr]

DiatOM incept (Ehr.) K1rch. [alp]

p onsis

Mhthl (Breb.ex.H.Sn.)Cl. (clr)

EpUhenti Breb.

argus var alpestris Grun. (alp]

Eunotla Ehr.

angus t i (Grun.) A. Sg. (acp]

battrUna Ehr. facb)

bldentulB w. Sn. (tep)

bigibba Kuli. (acp)

curvata (Kutz.) Lager, (acp)

elegan? Oster. (acp)

eiigui (Breb. ex KutijKabh. (tea)

flexuost Breb. ex Kuti. (acp)

glbbosa Grun. (acp)

bexagVyphls Ehr. (acp)

* neill H. 5m. ex 6reg. (acp)

nonodon Ehr. (acp)

naejel 1 1 Higula. (acp)

paralell. (aep)

pectingli! var. minor
(Kuti.] Habh. (acp)

pectlnalis (0. Hull) Rabti. (acp;

ventrleosa Grun. (*ep)

perpusllle Ehr. (tcp)

praerupt* Ehr. (acp)

septentrional Is Ostr. (tcp)

terra Ehr. ("p)

trtodon Ehr. (tcp)

validi Hust. [tcp] 

Ytnheurckii Patr. (acp]

FragtTtrlo Lyngb.

brevijtrlitt Grun. (alp]

constricts Ehr. (acp)

construens var. hfnodl?
(Ehr. J Grun. (ino)
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33

2
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22

1
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1
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1

5

4

1

3

2

3

1

1
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9

Z
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Z

3

2

16

1

10

3

pinna t a Ehr

vaueherige

(alp)

Kutr.) Peter. (alp)

v1resc*ns Bill. (cir)

Prustulia flabh.

rhowbolfles Ehr.) OsT. (aep)

vulgaris (thx.) DeT. find)

Gomjhonema Ehr. (alp)

Heloslra Ag.

dlsttns [Eh .1 Kuti. lacp)

grinulata (Ehr. l Ralfs (alp)

Ntvfcula fiery

minima Grun

pi; pu la var.
(Greg) Gru

radi9sa var

i cal aides

(alp)

rectangularis
(e1r)

parve Wallace (dr'l

( - )

igbtlllissiM CI. (1nd)

nlMdiiH (Kuti.l Kutz.
tnend. V.H

Medium Pfitz.

affine (Ehr

( Ip)

) Plfiiz. (Ind]

irtdis var. Mphigomphus 
(Ehr.) A. Hayer (ind]

trtdis (Ehr } CI. (cir)

NimcMa Has*.

aephiMa Brun. (alp)

fonticolt Grun. (alp)

llnearls U.

palea (Kut:

S*. (alp)

N. S*. [cir)

Plnnularla Ehr.

abtujensls (Pant.) Ross find]

abtujensis var. rostrata
(P)tr.) Pat

biceps Greg.

palor (Kuti.

witroitauron

S*n1or01s Pair

r. (tcp]

[*cp]

Rabh. [ind]

(Ehr.) CI. (acp)

henirjclu! (Ehr.) Patr. (acb)

5 t lure ne Is Ehr

ante p s Ehr.

I1v1ng^tofl11

phoenlcenter

Stenopteroblt

(clr)

Rein. ( - )

on (N1tl.) Ehr. ( C1r)

.mi i

Intenpedia Lewis (aep)

5urir*l la Turpln

dtl lcatiif i*

linear! s var
(Ehr. J Grun

a Lewis (ind)

constrict a
(1nd)

Unearts U. 5m. (md)

c ip ton i i nr

Tflbellarfa Ehr

Mn*M5 [Ehr

obtusa Hust. ( - )

1 Grun. (acb)

fintstrtta (Lyngb.) Kutz. (acp)

Mocculosa (Roth) Kutz. (acp)

Total

Alp -No

-\

C 1 re -No

-I

Acp-No

-1

Acb-No

-1

Infl-No

-J

[ndei *lpha

Log Alpha

Li** pH
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8. T

0.5
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1

66

23

1
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1

1
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1

2

1
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6
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4.19
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1.65
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-
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blur
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Table 3. List of diatom taxa identified in the surface sediments of Lakes KS1, KS2, KS3, and KS4. a^alkalophilic, 
cir-circumneutral, acp-acidobiontic, ind-indifferent, - spH indicator status unknown.

iff mis Grun. (alp) 

cle*i Grun. (alp) 

ri 191 A Grun. (alp) 

fi neill [lull.) Brun. (Ind) 

lanceolate (Breb. ) Grun. (alp) 

l1ne*Ms (y. 5m.) Grun. (alp) 

MrginuUta Grun. (acp)

HcHnella LevU 

punctate Lewu (acb) 

lUiphora Ehr. tx Kutz. 

ovilts Kutl. (tip) 

Kno*eaneU Pf1t;. 

follll (Ehr.l CI. (clr]

serlan* (Br*b.ei (uti.)el. [acb) 

vitrti (Grun.) Rofl. (alp) 

Alterionelll Hiss. 

fonma Hi i; (ind) 

Calontii CI. 

ventrlcosa (Ehr.) "*1st. (alp) 

vintncott var alplna (alp) 

Cyc lot till Kuti. 

nant a (Ehr.) Kuti. Idr) 

Ocelllti Pant. H nit 

itilHacra (Cl.ierun)V.H. (tip) 

Cyitoella Ag. 

angustata [K. SB. ) CI. (alp) 

eesatii (Rlbh)Grun.d* A. S. (c1r) 

cUtula [Ehr.) Kirchn. (Up) 

cuipldata Kutz. (alp) 

nebrldtca Kuti. (Ind) 

lunata U. 5n. (clr) 

 tcrocephili Grun. (cir) 

 1nuti HlUt ex Ribh. (clr) 

Dlplontts Ehr. 

ftnntci (Ehr.) CI. (Clr} 

 arfinestrlata Hutt. (tip) 

Eplteati Breb. 

lorti Kutz. (alp) 

Eunotta Ehr. 

ingusta (Grun.]- A.Bg. (t C. f] 

bactnana Ehr. (mb) 

bldentula M. Sit. (acp) 

curntl (Kutt.) Lager. (at p) 

  legani On ei-. (acp) 

extgua (Breb. ex Kuti)Rabh. (acb) 

fleiuosi Brefa. ei Kjtl. (acp)

gibbons Srun. 
h(i(glyph1i Ehr. (acp}

India W. in. ex Greg. (tcp) 

nie^flH Hlgult. dcp]

pectinalls vtr. pfnor 
(Kuti.) Rabh. (acp)

pcctinalU (0. Hull) Rabh. (icp] 

pectinalls var.

praerupta fhr. (acp) 

Serra Ehr. (acp) 

iinheuran Pttr. (atp) 

FragUtrlti Lynfb. 

brtvUtHiti Crun. (alp) 

conitHcta Ehr. (acp)

conitruens var.
blnndls (Ehr.! Grun. (Ind)

conitrueni (Enr.) Grun. (alp)

con 1 1 men s ,jr. 
venter (Ehr.) Grun. (alp)

crotonensls Kitton. (alp)

Itpiostauron *ar. 
dubit. Ifirjn.) Hust. (alp)

pinnata Ehr. (alp) 

*1rescen! Half. (dr) 

FruttuHa Rlbh. 

rhoriialde: (Ehr.) DeT. (acp) 

vulgaHi (Thw.) DeT. (1nd) 

ioiiBhaneN Ehr. 

aciMlnaTtM Ehr. (alp] 

angustttiM Ehr. [alp] 

tlev! Fricke. [Ind) 

fraclle Ehr. e*end V.H. lcir) 

tntriciti* Kutz. (alp) 

tubtile Ehr. (itpl
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2

truncttuM Ehr. (alp] 

Neloslra Ag. 

dtstins (Ehr.) Kutl. dcp] 

granulite (Ehr.) Ralfs [alp] 

Berldton circular* (Greg)*.g. (tip) 

Navtcula Borji 

bacillum Ehr. (alp!

elglnensls var. rostrata 
(A. Mayer) Pttr. ( - )

 tntiu Grun. (alp)

pupula var. capUata 
Skv. t Hiytr (clr)

nupula Kuti. (clr)

pupula vi r. rectangular!; 
(Sreg) Grun. (drl

rtdiosa Kjtl. (eir)

[Breb. *' (Jtz.) Grun. (e1r) 

st*loia*s ( - ) 

subtt! 1 issln* CI . (Ind) 

vulplni Kuti. (1nd) 

Kedluii Pfltl. 

affine (Ehr. Pifltt. (tnd) 

hitchcock11 (Ehr.) CI. (tep)

Irtdts var. tMph l goaphus 
(Ehr.] A. Nayer (tnd)

iridls (Ehr. CI. (cir) 

NitjitMa Hiss. 

font (col a Grun. (lip] 

kutHnglana Hilse (tip) 

llntiris H. s*. (alp) 

palea (Kutz.) W. S*. (clrl 

Pinnularlt Ehr. 

ablujensH (Ptnt.) Ross (1nd)

ibiujensli tar. Unearlt 
(Huit.) Pttr. (1nd)

(Pair.) Patr, (acp) 

biceps Greg. (aep) 

divergent W. Sn. (acp) 

fonrics (Ehr.) Patr. ( - ) 

gibba ! ) 

iu1or [Kuti.) Rabh. (1nd) 

 esolepta (Ehr.l M. S*. (acpl 

 icroitauron (Ehr.) CI. [acp] 

Sewiorbis Patr. 

Heatcyclws (Ehr.) Patr. (acp) 

Stiuron*1s Ehr. 

ancepi Ehr. (clr) 

HvtngitDnif Rein. ( - ) 

pho*n1centeron (HUi.)Ehr. (c1r) 

Stenopterobia Lexis 

fntenKdla Lewis (acp) 

SuMrella Turpln 

d*Hc*t1ssin Lewis (Ind) 

Uneari* vtr. constrictt
(Ehr.l Grun. (ind) 

UneaHs U. E". (ind) 

Synedra Ehr. 

acus Kuti. (clr) 

dell cit l si i  H. S*. (cir) 

paraslTlcB (M. SB.) Hutt. (alp) 

radian Kutz. (alp) 

ulna (Nllz.) Ehr. (lip) 

Tabellari* Ehr. 

hlnalls (Ehr.) Grjn. (icbl 

fenotrata [Lyngb.] Kut;. (ace) 

flocculosa (Botn) Kuti. (acp)
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GEOCHEMISTRY
LAKE WATERS

Data for the pH, sulphate, calcium, and magnesium 
content of the lake waters collected along the sam 
pling strip are listed on Table 5. As expected, there 
is considerable variation in the pH of lake waters 
along the strip. The relatively high pH values for the 
Y and Z areas (Table 5) suggest that there has been 
a contribution of bases from the surficial material in 
this area. This is confirmed in the data for calcium 
and magnesium which are especially high in the 
waters of Lakes Y1 and Y2. Another indication of 
the effect of surficial material on pH and 
ea le i urn/magnesium values occurs in areas S and T 
near the southern end of the sampling strip (Figure 
2, Table 5). This example is more subtle than that 
described previously but shows up as mean values 
of 3.94 and 4.17 ppm for calcium in water compared 
with "background values" of around 2.5 ppm further 
north. Similarly, the magnesium for S and T lakes 
averages 1.01 and 1.11 ppm respectively which is 
also slightly higher than further north (Table 5). 
Although the method used for suphate determination 
in waters is close to the detection limit of 5 ppm, 
some patterns are observed in the data which sug 
gest, but do not prove, that the effect of the smelters 
is al a maximum in areas U, V, and W (Figure 2, 
Table 5).

In summary, 19 of the 40 lakes sampled in the 
sampling strip were found to have s pH of less than 
5.6 and are considered to be acid. A preliminary 
interpretation for the patterns of calcium and magne 
sium in the lake waters suggests that the overbur 
den contributed these elements to the lake waters in 
significant amounts at the northern end of the strip 
where lush forest vegetation and glacial features 
were observed. In the south, a similar increase in 
calcium in Lake W1 is less well marked. The sul 
phate data suggests that the maximum input from 
fallout from the Sudbury smelter's plume is in the 
sampling strip from 45 to 65 km north of Lake 
Wanapitei.

Altogether 32 samples of lake water were col 
lected from the intensive study area (Figure 3). For 
purposes of comparison, the data was divided into 2 
subsets, (a) and (b) (Figure . 7). The purpose of 
Figure 7 is to demonstrate to what extent data for ph 
of lakes collected in 2.5 km squares is reproducible. 
In the (a) series of sampling, 2 lakes with a pH 
greater than 4.9 are found in squares B4 and M1 
(Figure 3), In the (b) series of lakes only 1 lake (B1) 
has a pH greater than 4.9. The lakes in the detailed 
study area are found to be very acid, which might 
be expected in an area where the bedrock is low in 
nutrients and there is a lack of calcareous surficial 
cover.

(a) (b)
9

9

9

V

T

9

9

9

9

9

9

9

9

9

9

9

f

*
*

A

*

9

9
9

*
9

9

*
9 w

Q

9

pH Range- 4.0-4.9...* 5.0-5.9...T 6.0-6.9...A

Figure 7.Lake water pH measurements in the in 
tensive study area (see Figure 3); (a) first set 
of data; (b) second set of data.

Table 4. Field data for 10 selected lakes, one in each micromodule sampling square.

LAKE Zl

Dip* TMMM- pH Pi**dv*d Conductivity* 
fm) nm f*C) OnyfMi U*w**W*ml 

i^^^"* 
0 23.3 7.4 1.1 fi 
1 23.3 7. S t. 9 f) 
2 23.3 7.5 89 fi 
3 23.0 7.6 S.9 fi 
4 22.0 7.6 1.7 ft 
B 21.0 7.7 M m

- Colour -brown 
  looohi doplh * 2.9 m 
- Vtfttttion: birch atonfl rttorvlinB, lokt botin tur- 

rounded by well drained stop**. 
- Mine shaft and pavod hifhwmy nw loka (0.6 km) 

 way). Four build tnoi and mina shaft on wattorn 
bonk.

LAKf Y4

^^^^Mfel T^^^^^^MA ^^J f^^^^^J^^^^ t*^^^^^^^^^^^^^*Q

(m) mra ( C) Oxygon (HMkoja/ojn) 
(pom) 

0 23.2 4.8 8.4 27 
1 23.2 4.8 8.4 3t 
2 23.3 4.8 8.4 * 
3 23.3 4.8 8.4 17 
4 23.3 4.8 8.4 27
S S-3 4 -9 M 1 --
B 23.1 4.9 8.6 28 
7 23.1 4.9 8.7 a* 
B 23.0 4.9 8.9 li

  Circular (200 m diameter) lake. 
  Ringed by muskeg. 
  Colour - Wue-9reen 
- Secchi depth - 7,6 m 
- Total depth = 7.5 to 8.0 m 
- Alkalinity s -1 .5 mg/l as C*CO3 .

LAKE X4

Depth Tempera- pH Dfeeotvesl Comtoettvrty* 
(m) tore (*C) Onyfeo (umhoe/efn) 

*ppml 
0 21 .B 3.9 8.1 36 
1 21.7 4.0 8.1 36 
2 21.7 3.9 8.1 36 
3 21.7 3.9 V.4 34 
4 21.3 3.9 8.8 34 
5 20.4 3.9 11.9 34
8 17.9 3.9 12.9 34 
7 11.7 3.9 11.7 34 
8 9.1 3.9 12.9 33 
9 7.1 .0 14.2 32 

10 9.7 .1 14.2 32 
11 6.1 .0 14.6 32 
12 5.7 .0 14.1 31 
13 4.9 .0 14.0 30 
14 4.5 .1 13.2 29 
16 4.3 .1 12.0 26 
16 4.3 .1 12.0 26 
17 4.2 .1 11.6 27 
18 4.1 .1 11.7 26 
19 4.0 .1 11.0 
20 4.1 .1

- 260 m wide by 400 m long 
  Colour - dear grey -green 
  Secchi depth z B m 
- Totel depth * 27.5m 
- Geography: Ridge to the south, otherwise ftat. 

10 *Xi outcrop. Quartzite rocks atong ihore. 
- Vegetation: White Pine is the dominant conifer. 

Maple ii the dominant deciduous tree. Muskeg dev 
elopment restricted to the intet and outlet areas. 
Aquatic moss on the bottom. 

- Alkalinity = -4.5 mg/l H CaCO3

LAKE W3

Depth Tempera- pH Dieeolved Conductivity* 
(m} ture 1*0 Oxygon (umhot/em)

(ppm) 
0 21.7 5.7 8.8 35 
1 21.8 5.8 8.9 35 
2 21.8 5.8 8.9 35 
3 21.8 5.8 8.9 34 
4 21.8 5.8 8.9 33 
S 17.1 6.7 10.f 33
6 11.8 5.6 12.2 32 
7 10.4 5.5 12.6 32 
8 9.9 5.5 13.2 32 
9 8.2 5,6 12.6 30 

10 7.5 5.6 12.3 29 
11 7.1 5.4 11.9 29 
12 6.6 5.4 11.2 29 
13 6.2 5.3 10.9 29 
14 5.9 5.3 10.6 29 
15 5.0 5.3 10.6 28 
16 5.0 5.3 9.6 26 
17 4.9 5.3 9.4 28 
18 4.8 5.3 9.3 27 
19 4.8 5.3 9.3 27 
20 4.7 5.3 9.1 28 
21 4.6 5.3 9.8 28 
22 4.4 5.2 9.5 29

23 4.3 5.2 9.2 ' 30
24 4.2 5.2 9.0 31 
26 4.1 5.2 9.0 32
26 4.1 5.2 B.O 32

- Colour z clear seaweed green 
- Secchi depth ~ 1 2.6 m 
- Total depth - 32 m 
- Geography: Steep relief. No visible outcrop. 
  Vegetation: White Pine on the shore. Negligible 

muskeg. 
- leaver dam at outlet. 
- Alkalinity - 0.60 mg/l tt C*CO3

LAKE VJ
t

Dspah T imp s ra- pH Dissolved Conductivity* 
ISN) Mre (*C) Oxygen (umhos/em) 

(ppml 
0 22.7 4.7 8.6 33 
1 22.6 4.7 9.2 33 
2 22.6 4.7 9.3 33 
3 20.1 4.7 10.1 33 
4 14.4 4.7 11.6 32 
5 12.6 4.8 12.4 32
6 9.4 4.8 12.3 3T 
7 8.9 4.7 12.2 31 
t 7.6 4.7 12.0 31 
ft 6.9 4.7 10.4 30 

TO 6.2 4.7 9.1 30

  A multibesin laka with in island near the lake's 
centre. Swimpi to the north, river continues south. 

  Colour s khaki, greenish-brown 
  Secchi depth = 8.4 m 
  Totel depth s 13.7 m 
  Geography: Steep relief to the east and west. 10 to 

1 5 % outcrop. White quartzite topped with dark 
patches of mosses. 

  Vegetation: Muskeg et outlet and inlet of lake. 
Negligible higher aquatic vegetation except at outlet. 

- Alkalinity ~ 0.30 mg/l is C*CO3

LAKE U4

Depth Tempera- pH Dtootved Conductivity* 
(m) ture (OC) Oxygen (umhos/em) 

(Ppm) 
0 23.6 6.1 8.4 29 
1 23.5 6.1 8.5 29 
2 23.4 6.1 8.5 29 
3 23.2 6.2 5.1 
4 23.1 6.1 8.5 26
* if* f-9 '-f 2
6 ll.3 5.7 10.7 27 
7 10.6 5.7 10.4 27 
8 8.1 5.7 9.8 27 
9 6.8 5.6 9.0 27

10 6.6 5.7 8.2 28
11 6.4 5.7 7.5 26

- A single basin lak* with i small island near its eastern 
end. Top of watershed lake. 

- Colour - khaki green-brown 
- Secchi depth - 4.7 m 
- Total depth - 1 1 .3 m 
- Geography: Rocky shore. Shallow relief. Whit* ring 

on the rocki. 
- Vegetation: Red Pine and Spruce dominate the soft 

wood, and Poplar and Birch dominate the hardwoods. 
- Alkalinity = 0.6 mg/l as CaCO3

LAKE T1

Depth Tempera- pH Dissolved Conductivity* 
(m) ture ("C) Oxygen (umhos/cm)

*ppm l 
0 23.1 5.3 8.B 36 
1 23.0 5.4 9.0 36 
2 22.9 5.4 9.0 36 
3 22.8 5.4 9.1 36 
4 17.4 5.4 10.9 34 
5 1&.7 6.4 11. B 34
6 13.5 5.4 12.2 34 
7 12.6 5.4 14.0 34 
8 10.1 5.4 14.1 33 
9 9.2 5.3 14.4 32 

10 8.6 5.5 14.6 32 
11 8.2 5.6 13.9 32 
12 7.9 5.6 13.9 31 
13 7.5 5.3 13.9 31 
14 6.9 5.5 13.7 30 
16 6.2 5.4 13,6 30 
20 4.6 5.1 11.0 29 
26 4.2 5.0 8.3 29

  A semi-oval single besin lake with a negligible lit 
toral zone. 

  Colour = clear blue-green 
- Secchi depth - 11.4m 
  Geography: High relief along southern shore. A white 

ring on the rocks at the waters edge indicates i drop 
in water level. 

  Vegetation: Maple, Birch, and Poplar are the dom 
inant hardwoods. White Pine and Spruce are the 
dominant softwoods. 

  An old beaver dam is located at the lake's outlet, 
- Alkalinity = 0.2 mg/l as C*CO3

LAKE 11

Depth Tempera- pH Dissolved Conductivity* 
(m) ture I OC) Oxygen (umhot/cm) 

(ppm) 
0 23.2 7.0 8.9 39 
1 23.1 7.6 9.0 38 
2 23.1 7.4 9.0 38 
3 22.9 7.3 9.2 37 
4 22.4 7.4 9.4 37 
5 1B.7 8.2 11.7 36
B 13.9 8.8 15.1 35 
7 10.4 8.6 15.4 34 
B 9.6 8.2 15.7 34 
9 9.5 7.9 14.2 33 

10 8.6 7.7 13.1 33 
11 6.5 7.4 12.4 33 
12 6.5 7.1 11.9 32 
13 6.0 7.0 10.7 32 
14 5.8 6.9 10.2 31 
15 5.5 6.8 9.B 31 
16 5.2 6.8 8.6 32 
17 5.2 6.8 8.1 33 
IB 5.1 8.9 7.4 34 
19 5.0 7.0 5.1 3S 
20 7.1

- 360 m long by 200 m wide 
  Colour z green
- Sacchi depth = 7.2 m 
- Total depth - 21.1 m 
  Geography: Relief vary flat. No outcrop. 
  Vegetation: Lake drains into a muskeg-rich area with 

Black Spruce. Alder and ferns dominate the shore. 
A pine stand noted on the steep eastern edge of lake.

LAKE R2

Depth Tempera pH Dissolved Conductivity* 
(m) tur* I 0C) Oxygen (umhos/cm)

tpprn) 
0 24.3 4.6 8.1 43 
1 24.0 4.6 8.1 48 
2 23.8 4.6 8.0 48 
3 23.8 4.6 8.0 49 
4 23.8 4.6 8.0 48 
5 23.9 4.6 8.2 46

  Colour = pale grey-green 
  Sacchi depth = 5.6 m bottom 
  Geography: A shallow multibasin lake with one island 

in outer. Many boulders on bottom. S'lb outcrop. 
2^% cloud cover. An old logging road runs along the 
northern and of the lake. 

- Vegetation: Muskeg it inlet and outlet, with Katmia
and Lfdum along its perimeter. White and Red Pine 
dominate the watershed. A few Birch and Poplar 
noted. 

- Alkalinity = -1.30 mg/l is CaCOs

LAKE 02
Depth Tempera- pH Diasolved Conductivity" 

(m) ture (OC) Oxygen (umhos/cm)
(ppm) 

0 24.7 4.7 7.9 40 
1 2*6 4.8 8.0 39 
2 24.5 4.8 8.1 38 
3 24.2 4.8 8.0 38 
4 24.1 4.8 7.9 38

- Located near Jone's Lake on map. 
- Colour = murky pale oliva-green 
- Secchi depth s 4 m bottom 
- Geography: Shallow relief. Rusty red shoreline ring. 
- Vegetation: Six islands in lake dominated by White 

Pine and Spruce. White Birch ind Poplar are the dom 
inant hardwoods. Dense filamentous green algae on 
bottom of lake clogged the oxygen probe. 

- Alkalinity = -1.3 mg/l itC*CO3

NOTE:

* Conductivity temperature corrected. 
** Line is at the bottom of 5 m column sampled with 

the integrated water sampler.

Table 5. pH, sulphate, calcium, and magnesium of 
waters from the 40 lakes in the sampling strip. For an 
explanation of the code letters see Figure 2 (from 
Fortescue 1983).

Distance 
From 

Area lake

0

R

S

T

U

V

w

x

Y

Z

Hanapitei
(km)

5

15

25

35

45

55

65

75

BS

95

1

6.1

4.3

6.4

5.7

5.7

4.6

5.7

5.4

7.6

6.8

2

4.5

4.3

6.0

6.9

5.7

5.0

4.8

4.6

8.3

6.3

Lake

3

pH

4.6

4.5

4.7

5.3

4.7

5.4

6.1

5.8

6.4

6.6

4

E. 8

4.4

6.5

6.4

5.7

4.3

4.9

4.5

4.6

6.6

Mean

5.3

4.4

5.9

5.8

5.5

4.8

5.4

5.1

6.7

6.6

Sulphate (ppm)

Q

R

S

T

U

V

H

x

Y

Z

5

15

25

35

45

55

65

75

85

95

8

7

8

11

7

10

10

9

7

10

7

7

11

3

11

11

N.D.*

S

10

a

9

10

9

10

13

12

10

8

6

10

9

9

6

5

10

8

9

8

5

9

8

8

9

9

10

10

10

8

7

9

Calcium (ppm)

Q

R

S

T

U

V

td

X

V

z

5

15

25

35

45

55

65

75

85

95

3.99

1.63

4.00

3.36

2.41

1.87

2. 88

2.85

15.02

6.55

2.08

1.57

4.30

4.14

2.97

2.43

2. 09

1.92

17.26

4.44

3,04

2.07

2.31

3.12

2.54

2.77

3,06

2.58

3.16

5.59

3.51

1.83

4.66

6.06

2.51

1.59

2.44

1.55

1.34

6.54

3.16

1.78

3.94

4.17

2.61

2.17

2.61

2.23

9.20

5.78

Magnesium (ppm)

0

R

S

T

U

V

w

x

V

z
t

5

15

25

35

45

55

65

75

85

96

* Not Detected

0.75

0.53

1.06

0.88

0.75

0.60

0.93

0.89

3.71

1.21

0.71

0.56

0.98

0.98

0.90

0.83

D. 72

0.58

3.14

1.29

0.73

0.66

0.74

0.78

0.79

0.90

1.03

0.90

0.88

1.55

1.12

0.60

1.24

1.30

0.85

0.46

0.74

0.49

0.40

1.71

0.83

0.59

1.01

1.11

0.82

0.70

0.86

0.72

2.03

1.44

The data for calcium in waters are plotted In 
Figure 8. The calcium content in all waters is less 
than 4.0 ppm with the values between 1.0 and 
1.9 ppm and 2.0 and 2.9 ppm being 18 and 11 re 
spectively, with 2 values above 3.0 ppm (Figure 8). It 
should be noied Ihat there is a general relationship 
between calcium in the water and pH in these acid 
lakes because the waters of the lakes with higher 
pH (Figure 7) also have slightly higher calcium 
(Figure 8).

(a) (b)

9

T

9

9

9

T

* 

T

T

A

T

r

9

9
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T

9

9

9 

9

Calcium Range- l.0-1.9ppm..,* 2.0-2.9ppm..T 3.0-3.9ppm.-.A

Figure B.Lake water calcium content in the inten 
sive study area (Figure 3); (a) first set of data, 
(b) second set of data.

The patterns for magnesium in water (Figure 9) 
are Included here for the sake of completeness. All 
magnesium values are below 2.0 ppm with only 2 
lakes just above 1.0 ppm. As expected, the variation 
of calcium in water tends to be greater than for 
magnesium. Details of the data summarized in Fig 
ures 7, 8 and, 9 are listed in Table 5.
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9
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9
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T

9

1

9

9

9

9

9

9

9

9

Magnesium Range- O.Q-Q.9pprri. l.0-20ppm. .Y

Figure B.Lake water magnesium content in the 
intensive study area (Figure 3); (a) first set of 
data, (b) second set of data.

LAKE SEDIMENTS

The lake sediment collected with the Ekman dredge 
is considered to be material laid down in Post- 
Ambrosia time and, as a consequence, includes the 
natural level of elements plus material derived from 
atmospheric fallout from smelters. For this reason 
the multielement chemical analysis package chosen 
tor these samples included elements such as copper 
and nickel likely to be enhanced in the samples due 
to atmospheric fallout as well as other elements (eg. 
zirconium, niobium, lanthanum, and yttrium) which 
are present in significant amounts in the lake sedi 
ment but not expected to increase significantly due 
to smelter fallout. The former group can be consid 
ered "signal elements" and the latter "control ele 
ments".

The performance of the analytical method used 
for the Ekman samples is summarized in Table 6 
where data for 20 elements are listed, Because 
there is considerable noise in these data, it is be 
lieved that the mixture was in homogeneous. For this 
reason these data should be considered as a first 
approximation only for the performance of the ana 
lytical methods employed. Mole that the data for 
yttrium, niobium, and lanthanum in the mixture are 
relatively precise compared wilh other elements list 
ed.

The data for the 20 elements in Ihe Ekman 
samples taken from the sampling strip (Figure 2) are 
listed in full m Table 7. Data for selected elements 
(i.e. Ni, Cu, Nb, and Zr) are plotted on Figure 10 
using the Clarke Index-l transform. Averaged pH 
data for the lakes of interest are also included in the 
figure.

The aim of Figure 10 is to focus attention on the 
enhancement of nickel and copper in the lake sedi 
ment collected relatively close to the Sudbury smelt 
ers compared with the level of these elements in 
normal sediment collected further north. The plot of 
the curves for the elements niobium and zirconium 
is used as a control. It is concluded that both nickel 
and copper decrease with increasing distance from 
the smelters, this effect being most marked in the 
first 35 km from the margin of Lake Wanapitei 
(Figure 10). Unlike nickel and copper, niobium and 
zirconium are relatively uniform in concentration in 
the lake sedimenl along the whole sampling strip. 
The pH curve for lake waters indicates no direct 
relationship between water pH and nickel and cop 
per in the sediment although there is a pH high in 
the area of Lake Y2 associated with calcium in 
surficial material as discussed above. The full ele 
ment data listing for the Ekman samples appear in 
Table 7 and are not further discussed here.

II is desirable to remove the effects of fallout of 
trace elements from the atmosphere from data col 
lected for regional geochemical surveys. In order to 
accomplish this it is necessary to separate the 
"Pre-" (i.e. uncontaminaied) Ambrosia sedimenl from 
the "Post-" (contaminated) Ambrosia sediment ma 
terial. This is accomplished simply by using a sedi 
ment core sampler and extruding the cores obtained 
to a different depth for each sample type. Con 
sequently, the sediment cores which were collected 
from the intensive study area were inverted and 
extruded in 2 stages. The first stage removed all 
material obtained deeper than 20 cm (i.e. Pre- 
Amtoros/amaterial) and the second all material from O 
to 12cm in depth (i.e. Post-A/nbros/a material). The 
transitional material was combined and used lor the 
quality control reference samples as described 
above. Samples of Pre- and Pvs\-Ambrosia material, 
plus replicates of the quality control mixture, were 
analyzed under contract by Barringer Magenta Limit 
ed, Toronto, for 13 elements using a multielement 
technique of instrumental analysis. In this experi 
ment special care was taken to mix the reference 
standard material well prior to sampling, Data for the 
quality control samples are listed in Table 8 and 
indicate thai Ihe performance of the analytical pro 
cedure for all elements is satisfactory.

The first experiment on the intensive study g* 
chemical data was to determine it the Pre- and 
Post-Am&ros/a data for nickel and copper was simi 
lar, or different, from that for elements not consid 
ered to be present in the atmospheric fallout (i.e. 
zirconium and titanium). Data for the Pre- and Post- 
Ambrosia levels in the samples collected during the 
intensive survey are plotted on Figure 11. If the 
same content of an element is present in the Pre- 
Ambrosia material as in the and Pos(-Ambrosia ma 
terial, then the pattern for Ihe elements would be 
like that for zirconium and titanium with the points 
clustered along the 45 0slope line. In the case of 
nickel and copper there is a cluster of points at the 
upper left side of the graph which indicates that 
many samples are enriched in these elements in 
PoBi-Ambrosta material. It should be noted that 4 
copper and 2 nickel values are both high and pre 
sent in the Pre- and Posl-Ambrosia material. This 
may be due to a genuine geochemical anomaly in 
the lakes from which these samples were collected. 
However, this is unlikely; the high values probably 
reflect mixing of sediment during inversion of the 
core prior to subsampling, particularly when the 
sampled material is very liquid.

The second experiment on the intensive study 
geochemical dala was aimed al an examination of 
the element patterns in lake sediments. This in 
formation is of particular interest where the lakes 
are acid and the geology is such (i.e. very siliceous 
rocks) that the abundance of the elements of inter 
est in the lake sediment are likely to be extremely 
low. In order to make this comparison we are con 
cerned with the uncontaminaied Pre-Ambrosia ma 
terial only. These data are displayed in Table 9 
where samples with high levels of nickel and copper 
(suspected of being contaminated by Post-Amdros/a 
material) are marked with an asterisk. These are 
deleted from the following discussion. This leaves a 
total of 20 samples from the 10 by 10km square 
intensive study area (Figure 3).

Previous work has demonstrated that if the 
Clarke Index-l transform is used on lake sediment 
geochemical data collected from 2.5 km squares, 
then a factor of 2 between map panel frames on a

Table 6. The content of 20 elements in 10 replicates of a standard composite mixture of Ekman material included 
the batch of unknowns for quality control (in ppm)

Replicate 
Number

1

2

3

4

5

6

7

8

9

ID

11

Al 

7.33

2.b5

3.22

4.28

2.87

7.51

6.19

3.05

7. 80

4.08

6.85

Hd

340

290

240

280

260

340

???

?30

350

260

690

tie Ca

4 450G

2 9999

Z 4400

Z 9999

l 6410

4 4490

3 8590

1 6820

4 4610

1 9999

3 9999

Co

30

20

30

100

20

25

30

20

25

90

lOb

Cr

60

40

45

160

40

60

55

35

60

150

65

Cu

45

65

180

290

100

40

80

60

40

2 TO

75

Fe

3.69

1.48

1.93

1.98

1.23

3.70

2.04

1.40

3.75

1.83

4.60

La

40

20

45

54

45

40

35

20

3S

50

45

M9

9090

4620

2470

3910

2770

9310

4700

3260

9510

36fiO

6210

Mn

595

195

250

880

190

590

600

180

580

815

5800

Nb

11

13

11

9

11

e
4

10

7

)

16

Ni

50

55

155

165

115

50

90

50

50

150

185

P

800

1540

1430

1710

1470

780

1060

1380

805

1570

1220

Sr

100

80

60

140

100

105

200

90

105

135

260

Tl

1935

730

690

1100

820

1680

1330

735

1640

1100

1500

V

90

60

50

45

35

90

60

45

90

40

80

V

25

10

25

20

25

20

25

10

?5

20

25

Zn

300

200

300

430

170

230

225

160

290

400

445

in

Zr

too

25

25

35

25

90

70

25

95

35

65

Table 7. Data for the 20

Zl

12

Z3

Z4

Y?

VI

Y4

Y3

X2

X3

Xfl

Ml

U2

W4

W3

V2

VI

U4

U3

Ul

U2

V4

V3

Tl

T2

T3

ra

S3

SI

S4

S3

HI

R?

R4

R3

01

02

04

03

At Ea

1.47 110

3.33 430

2.28 3ZO

2.17 Z10

0.86 110

2.67 290

2.64 210

2.78 240

3.44 280

6.49 460

S. 00 460

6.39 520

4.89 320

4.38 500

4.07 620

3.99 310

4.09 300

3.72 170

3.33 370

7.15 700

2. 53 340

3.54 330

2.66 250

2.63 300

7.36 340

1.72 250

3.98 250

1.53 150

2.20 310

2.80 310

2.81 320

3.71 250

3.31 ZOO

5.24 370

4.11 280

1.10 170

2.31 220

5.92 500

1 . 87 300

Al Ba

Be Ga

1 9999

6 6Z50

1 9999

1 7730

1 9999

1 9999

1 6170

2 4920

2 1750

4 7800

3 3500

3 8990

3 3550

2 3900

5 5460

2 3300

3 3610

Z 800

3 3760

3 9999

2 3890

2 4470

2 6190

2 3030

4 4460

1 7800

3 59 BC

1 5140

2 5000

2 4200

Z 5260

3 2000

2 1780

3 4300

2 3590

2 5540

1 376D

3 9800

2 3660

Be Ca

elements in Ekman dredge samples from the sampling strip

Co

20

15

15

10

10

15

10

85

20

35

15

30

20

15

50

15

30

20

zo
100

20

20

25

20

25

25

30

20

40

40

40

40

35

50

30

30

35

50

55

Co

Cr Cu

25 120

35 100

30 70

30 \ 25

20 25

40 65

30 25

40 no
35 40

70 90

40 65

55 80

45 70

40 70

50 210

30 65

60 230

40 90

40 125

65 75

35 70

40 95

40 120

40 100

60 40

25 110

55 205

25 130

35 200

50 290

40 220

50 ISO

35 170

50 140

40 215

15 280

30 240

65 175

25 330

Cr Cu

Fe

1.28

1.62

0.87

1.49

0.46

1.48

0.88

3.27

1.52

2.86

1.97

2.1?

4.09

1.53

5.06

1.34

10. 84

2.31

1.31

4.51

1.90

2.26

1.62

2.67

3.67

1.86

1.87

1.40

3.77

3.34

4.17

2.89

1.92

2.67

2.37

0.56

\.78

3.46

1.76

Fe

La Hg

20 2430

45 2050

25 2860

1 5 3280

5 2060

20 4750

10 2960

30 1960

30 1470

45 4950

25 1840

35 4860

35 2820

35 2310

45 2870

20 2240

50 1360

25 1760

35 2310

45 6320

25 1800

25 2900

45 2570

40 1800

40 9120

25 2050

65 2650

35 1640

55 2330

5D 3990

40 Z430

35 2400

45 1910

50 3590

40 3110

40 1330

50 1430

60 6000

30 1560

La Kg

Mn Kb

395 10

180 8

145 8

255 12

90 l?

195 12

145 8

430 11

85 8

275 6

165 8

600 4

230 8

130 6

640 11

150 7

200 15

65 1\

140 9

5430 7

465 11

170 10

185 11

130 14

595 10

120 11

210 10

85 14

1280 15

860 15

250 14

130 12

115 11

215 8

150 10

175 15

175 13

760 11

110 13

Mn Nb

Ni P

35 730

35 1830

55 505

70 1940

14 725

55 1530

25 1450

70 1730

45 970

70 1460

45 3040

85 1140

55 1200

60 425

115 1740

60 1060

135 4430

90 2030

100 1510

ISO 1220

65 1420

100 1440

155 1560

105 1050

50 760

165 1410

210 1950

115 1210

170 1450

320 1 590

270 1560

195 1700

190 1140

210 1190

205 1 1 70

590 1310

250 1330

290 1300

660 955

N1 P

{in ppm).

Sr Ti

55 420

45 470

90 615

50 600

35 260

80 730

80 925

40 490

40 505

155 1200

65 760

205 1410

95 825

100 655

70 590

90 640

60 415

35 640

65 570

280 1560

45 450

80 680

90 725

45 470

105 2070

65 455

60 700

40 360

40 455

60 800

70 635

50 570

45 510

105 915

90 780

45 180

50 305

175 1390

50 305

Sr T1

V Y

30 14

50 35

25 19

70 5

30 3

50 10

35 6

70 18

45 30

70 35

75 17

60 26

65 25

45 25

75 35

40 20

110 25

65 20

45 25

85 20

45 16

50 16

40 20

55 30

90 25

30 10

55 30

35 16

50 30

80 ?5

65 17

55 30

35 30

50 40

50 20

IB 12

40 18

75 25

30 15

V Y

Zn Zr

380 11

120 15

110 20

305 12

85 8

180 25

150 14

290 17

130 20

170 50

120 20

235 70

140 45

??? 45

350 35

110 40

210 30

160 25

Z05 Z5

440 70

165 17

175 35

210 20

170 30

285 100

175 15

315 20

105 12

305 20

295 40

205 25

265 35

205 25

260 50

170 40

290 8

200 15

29G 55

270 13

Zn Zr

scan sheet (Fortescue 1970, in preparation) displays 
the geochemical patterns to advantage for compara 
tive purposes. Consequently the plots for Ihe de 
tailed study area data have been set up using these 
criteria (Figure 12).

The scan sheet (Figure 12) provides detailed 
information on the distribution and concentration of 
13 elements in 20 samples of Prs-Ambrosia lake 
sediment taken from the area selected for detailed 
study. The data are presented on a series of small 
squares, each representing the area, arranged in 
rows and columns. By reading across a row, one 
can see the distribution patterns for elements within 
the same range of Clarke Index-l values. By reading 
down a column, one can see the distribution pat 
terns for the same element at different concentration 
levels.

The intensive study area (Figure 3) is underlain 
largely by rocks of the Gowganda and Lorrain For 
mations, which are known to be siliceous and gen 
erally low in most elements. An examination of the 
geochemical patterns on Figure 12 confirms that Ihe 
Clarke Index-l levels of most elements in the sedi 
ments are low and exhibit a random nature to many 
of their patterns. This distribution of elements would 
be expected in lake sediments in an area of uniform 
bedrock geology with lillie surficial cover. This is in 
marked contrast to geochemical patterns observed 
in lake sediments obtained in other areas (see For 
tescue, in preparation) where variations in Ihe bed 
rock lithology and chemical composition of the sur 

ficial cover give rise to strong geochemical patterns 
in Jake sediment data.

A close inspection of Figure 12 reveals some 
apparent development of geochemical gradients 
(Figure 13) for some elements. For example, magne 
sium increases from southwest to northeast and this 
trend may also be seen lor titanium, zirconium, and 
chromium. The strontium pattern suggests that this 
element is relatively low around the western and 
southern margins of the area compared with the 
central portion. The copper pattern is interpreted to 
indicate that higher values occur in the southwest 
than in the northeast of the area. The patterns for 
other elements (including calcium, lead, nickel, man 
ganese, zinc, cobalt, and iron) are generally random 
over the whole area.

In summary, two experiments were completed on 
the geochemical data from the area where the inten 
sive study was made. The first experiment estab 
lished that atmospheric fallout had, in fact, affected 
many of the lake sediment geochemical results for 
nickel and copper to a significant extent, particularly 
when compared with zirconium and titanium levels 
which were unaffected by the fallout. The second 
experiment was concerned with geochemical pat 
terns in the Pre-Ambrosia geochemical data. Owing 
to the uniformity of the bedrock conditions and Ihe 
general lack of calcareous drift in the area there are 
few recognizable patterns in data sets for Individual 
elements although a few weak patterns are iden 
tified and discussed.

NICKEL 
COPPER 
NIOBIUM 
ZIRCONIUM 
pH 1983

GENERAL SUMMARY AND 
CONCLUSIONS

The two studies described on this broadsheet to 
gelher provide information which is essential during 
the planning of future regional geochemical surveys 
in the Sudbury area. The study of the 100 km sam 
pling strip focused attention on the different lake 
types found in the area and demonstrated that a 
special working curve is required for the establish 
ment of diatom-inferred pH curves for lakes in the 
Sudbury area. In particular, the Sudbury diatom- 
inferred pH working curve has a different curve 
slope from thai for the curve developed previously 
In the Wawa area (see Fortescue et at. 1984).

Both of the diatom-inferred sediment core 
curves obtained from the Sudbury area were of 
particular interest. One curve (for Lake KN4) pro 
vides an excellent example of the pH history of the 
humic pond which was accumulating acidity in both 
Pre- and Post-Amoros/a time at a steady rale. The 
second curve (for Lake KH4) provides information 
on the pH history of a lake which was naturally 
nearly acid prior to 1962 when it commenced to 
acidify quite rapidly, probably due to acid rain.

The curve for the pH of lakewaters collecled 
from the sampling strip was also of interest because 
of the relationship between geology and reaction of 
lake walers. Because the bedrock which underlies 
the sampling strip is largely metasedimentary which 
is low in calcium (i.e. quartzites and sandstones 
etc.) variations in pH of lake water towards the more 
basic condition found in Ihe sampling strip are 
thought to be due to local accumulations of calcium 
carbonate in glacial drift. In (he small area which 
was studied intensively, the effect of such calcium 
carbonate was considered minimal, resulting in 
lakewaters with a consislantly low pH.

The study of lake bottom sediments collected 
from lakes studied in the sampling strip revealed 
two kinds of geochemical patterns in their data. One 
kind, typified by niobium and zirconium, shows a 
relatively uniform content along the length of the 
sampling strip and may be considered as a control^ 
The other kind of pattern, typified by nickel and

Lake Q* Q \ R 3 R i S 3 s i T3 T, u3 u, v3 v

Okm
l__

25km
i

LJ 2 V4 '

50km

W

75km
i

100km

Table 8. The content of 13 elements 
sediment randomized in the batch o'

Repi icate 
Number

1

2

3

4

5

6

7

8

Ca

9090

9310

9910

9400

9390

8820

8930

8890

Mg

2430

2620

2740

2640

2670

2550

2550

2550

Fe

14700

14000

14400

13800

14100

13500

13800

13200

Mn

211

223

223

213

220

215

216

215

in 8 subsamples of a composite mixture of lake 
unknowns from the detailed study area (in ppm).

TI

800

920

918

911

869

884

933

890

Zr

44

49

49

48

48

46

48

46

Sr

73.9

66.1

82.3

74.8

83.1

69.4

67.4

79.0

HI

39

38

38

35

34

38

40

37

CD

50.1

49.5

49.5

47.6

49.4

48.6

47.3

47.8

Pb

13

10

13

12

11

13

11

11

Cr

39

37

63

36

38

36

40

37

Co

14

14

21

14

18

11

25

21

Zn

94

86

91

97

95

90

87

79

Distance from Lake Wanapitei

Figure lo.Graph of the level of 4 elements in Ekman (Post-Ambrosia) take 
sediment collected from-sefected lakes along the sampling strip (see Figure 
2).

1000

10 100
Pre Ambrosia (ppm)

1000

Figure 11.Graph showing the distribution of nickel, copper, titanium, and zir 
conium in Pre- and Post-Ambrosia lake sediment collected from the intensive 
study area (see Figure 3).
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Figure IS.Conceptual models for 6 common regional geochemical patterns based 
on the concepts of landscape geochemistry.

Table 9. Data for 13 elements in samples from the intensive study area (in ppm). Note 
that samples preceded by a "P" (eg. PKA1 ) indicate Pre-Ambrosia material, while those 
without the P (eg. KA1 ) are Post-Ambrosia material.

LAKE

KA1

KA4

KB1

KB4

KC1

KC4

KD1

KE1

KE4

KF1

KF4

KG1

KG4

KH1

KH4

m

K14

KJ4

KK1

KK4

KL1

KL4

KM1

KM4

KN1

KN4

KOI

K04

KP1

KP4

PKA1

PKA4

PK81

PKC1

PKD1

PKE1

PKE4

PKF4

PKG1

PKG4

PKH1

PKH4

PKI1

PKI4

PKJ4

PKK1

PKL1

PKM1

PKN1

PKN4

PK01

PKP1

PKP4

LAKE

Ca

2170

4290

7470

4260

3830

4220

4440

5160

3230

6270

4690

5230

5240

4860

6340

1520

5280

5230

4430

2110

3490

1810

5150

5520

2000

3110

2670

9180

3250

4060

2820

3770

6610

2220

4490

1710

3430

4160

5360

4820

3910

7510

2340

5850

I860

4070

3600

4470

1830

2420

2600

1930

3860

Ca

Mg

948

1950

1980

2740

1440

1?7Q

1A7Q

1040

1210

3550

2080

3110

2200

3450

4040

629

1140

1040

1340

1070

1300

1030

630

3230

651

742

715

5300

1350

mo
982

1870

1930

1390

1320

372

1350

2000

3190

2330

2790

4520

613

1270

1010

933

1240

837

571

655

697

1240

1190

Mg

Fe

2180

8750

11400

52600

7470

8960

9880

8060

4600

17900

19300

38400

17200

18000

26700

1890

13800

11000

5650

8220

8050

5830

2100

23400

1530

103000

2180

32800

11500

16400

3830

10300

8200

5990

8550

16000

6150

19700

38000

21800

18100

22700

2310

9640

10900

4530

7280

2360

2000

107000

3100

10800

16300

Fe

Mn

30.9

174.0

169.0

281.0

122.0

145.0

144.0

76.0

126.0

157.0

246.0

430.0

186.0

197.0

388.0

22.6

34.7

157.0

96.1

50.4

88.8

47.1

54.2

224.0

44.1

870.0

50.0

267.0

153.0

117.0

51.1

148.0

112.0

75.0

167.0

44.5

111.0

204.0

495.0

149.0

139.0

313.0

43.8

90.6

161.0

113.0

87.6

118.0

60.8

1370.0

60.1

81.6

117.0

Mr

Ti

530

911

635

1050

699

715

750

495

522

1380

996

1320

1040

1160

1610

395

405

607

597

531

628

565

194

1430

276

253

364

1850

687

560

669

867

633

757

683

512

703

975

1250

1030

922

Zr

26

53

40

51

40

34

36

21

37

BS

63

79

67

81

95

16

13

27

21

25

28

24

9

77

18

14

18

86

34

26

28

49

38

36

32

17

45

58

79

70

67

1600 105

305

330

571

434

583

260

278

267

359

671

525

Ti

11

12

25

13

26

10

18

20

17

34

24

Zr

Sr

35.3

62.4

60.1

64.9

41.6

59.3

54.4

45.8

53.8

124.0

65.5

92.2

90.0

109.0

119.0

25.9

33.0

54.7

54.3

36.2

52.1

34.7

34.0

98.5

25.0

23.0

33.8

116.0

39.4

45.4

49.0

63.2

70.8

36.2

63.9

25.3

63.5

65.0

102.0

83.1

101.0

147.0

27.4

35.4

55.4

49.1

52.7

36.8

26.7

15,3

31.7

36.5

43.4

Sr

Ni

22

15

14

232

14

13

14

13

15

59

25

66

36

15

17

15

10

18

12

127

273

172

26

279

16

18

22

155

55

243

133

34

59

104

14

125

40

39

54

92

61

31

33

14

26

12

229

239

70

7

50

155

254

NI

Cu

20.3

21.2

20.5

235

38.1

29.0

28.1

55.9

24.3

62,0

35.4

71.9

31.1

11.5

14.4

49.0

39.4

40.5

35.1

113.0

225.0

177.0

36.1

215.0

36.0

34.3

38.4

146.0

33.9

270.0

105.0

25,7

32.6

107.0

26.6

112.0

42.6

39.3

58.6

61.9

54.6

23.5

43.3

44.7

46.0

23.4

185.0

207.0

70.1

29.1

41.7

140.0

272.0

Cu

Pb Cr

5 26

4 37

] 30

48 53

3 42

5 41

5 41

2 28

6 24

30 42

2 46

29 57

7 51

5 34

2 53

2 22

^ 16

4 38

1 16

30 23

72 33

50 28

7 15

51 51

3 19

*1 37

2 22

120 67

9 41

110 42

38 36

6 35

5 27

29 36

8 37

46 27

16 25

6 55

21 53

22 50

18 31

16 57

12 1,7

*1 13

8 36

2 18

59 54

67 20

12 18

n 32
8 20

41 40

100 37

Pb Cr

Co Zn

7 71

12 43

7 65

35 229

9 58

6 36

5 50

'2 69

12 27

37 49

14 90

24 127

13 74

42 41

19 55

4 11

2 220

8 121

6 98

28 61

22 113

19 204

9 29

73 174

14 52

10 60

9 27

33 169

35 85

19 120

12 59

17 58

10 104

11 117

7 32

li 84

17 42

17 97

31 128

19 116

34 56

13 68

6 35

ci 134

7 60

3 57

17 88

12 54

13 33

8 55

9 38

33 131

17 155

Co Zn

Mg Cd Ti Sr Pb Zr Ni Cr Mn Cu Zn Co Fe

2.0 - 3.9 K

1.0 -1.9 K

0.5 - 0.9 K

0.25 -0.49 K

0.125 -0.24 K

0.0625 -0.124 K

0.0312 -0.0624 K

BELOW 0.0312 K
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Figure 12.Scan sheet showing the patterns for 13 elements in Pre-Ambrosia lake sediment taken from fakes indicated in Figure 3.

copper, is due to fallout of the chemicals derived 
from the smelter, resulting in a clearly defined geo 
chemical gradient from south to north along the 
sampling strip (i.e. away from the smelters).

The intensive study area is located near the 
southern end of the sampling strip closest to the 
smelters. The analysis of Pre- and Post-A/ntvus/a 
lake sediment material from the 32 lakes in this area 
for nickel and copper indicates the uniformity of the 
effects of fallout of these elements in the 10 by 
10 km area studied. It also focuses attention on the 
need for collection and chemical analysis of both 
Pre- and Post-Ambrosia sediment during future re 
gional geochemical surveys in the area ir order to 
distinguish levels of nickel and copper which are 
enhanced naturally from those due to smelter activ 
ity. A more general interpretalion of all elements 
included in the study of lake sediments from the 10 
by 10 km area indicates that the levels for most 
elements are low using the Clarke Index-l scale. 
Within the small test area there is some evidence of 
geochemical gradients which are not considered to 
be very significant.

CONCLUSIONS

The following general conclusions are drawn from 
this study:
1. The limnology of lakes in the Sudbury region Is 

complex and varied due in part to the paucity of 
nutrient elements in the bedrock and in part to 
the fallout effects of the material derived from 
Sudbury smelters.

2. In order to prepare diatom-inferred pH data 
curves from lake sediment cores collected in 
the Sudbury region it is necessary to use a 
different calibration curve from that used in the 
Wawa area.

3. There are at least two types of acid lakes in the 
Sudbury area: (a) the humic lakes which have 
been increasing in acidity since Pre-Ambrosia 
lime; and (b) lakes affected by acid rain, which 
have increased sharply in acidity since 1963.

4. The fallout of nickel and copper (and, possibly, 
other elements) from the atmosphere as a result 
of Ihe Sudbury smelter activity is detectable in 
PoB\-Ambrosia lake sediment material collected 
from lakes situated downwind from the smelt 
ers.

5. In any future regional geochemical surveying in 
the Sudbury area two types of geochemical 
map should be Included. One type would show 
the amount and distribution of elements in sedi 
ments laid down prior to 1890 (i.e. in Pre- 
Ambrosialime) and the other would show the 
patterns for the same elements in sediment laid 
down subsequent to the commencement of 
smelting in the area.

6. The area to the north of Lake Wanapitei, which 
is underlain by rocks of the Gowganda and 
Lorrain Formations, includes many acid lakes 
whose sediment is very low in calcium and 
other elements in Pre-Ambrosia time. 
The conclusions which are listed above for the 

research described here are broadly simitar to con 
clusions drawn by many workers who have studied 
in detail the limnology and geochemistry of lakes in 
the Sudbury area. A convenient starting point to this 
existant information is found in Pinch! (1982) who 
discuss the effects of smelter fallout on lakes in the 
area and provide a list of references to earlier inves 
tigations of the problem. Space does not allow for a 
discussion of information provided on Sudbury area 
lakes by others in relation to the data on this broad 
sheet.
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