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ABSTRACT ot
THQ%QFES from Mary Gregq Lake (0,08km?, 53°7'N,
117§28‘?, and.gsgﬂm a.s.l.) wvere subﬁitteé to a
) multi-variable analysis (stratigraphy, sedimentology,
geechemistry, %nd micropaleontology), aiming the A§, X

é within the context of the surrourrding area.

Radiocarbon dates corrected for contamination suggest
that the available fe:@r? spans approximately the last 6009
years. During this peficé the watershed has been dﬁminﬂﬂtg;
covered by boreal forest, although more open fgiist and X
mesic conditions are indicated before ca. 3500 BP.

Many of the’analy;ed variables show a similar
stratigraphic pattern, the sample data being stfﬁctufed in
three basic clusters (zones). They suggest that: between ca,
6000£200 and 3500:200 BP the lake§w35 relatively mgre .
eutrophic and supported higher productivity; between
3500$200 and 1000£200 BP, the conditions were more'
oligotrophic, and the productivity was at its minimum; and
after 10002200 BP, the aquatic system returned to its
predominantly mesotrophic state of today.

E%Jff; It is suggested that the cause of these changes is a
combination of environmental oscillations and geomorphic
conditioning (the lake is located at the water divide of the
valley, which limits its volume to a certain maximum). It is

hypothesized that the predominance of a longer ice-free

. season could produce the effects observed before ca. 3500

iv
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BP; while a shorter ice-free season (colder?) and possibly:
wetter conditions could be related to the lake status

1
between 3500:200 and 1000£200 BP. An intermediate situation

seems to be dominant in the last 1000+200 years. Human
g

impact has not been a major cause of change in this

wilderness area, so far; however, future coal mining

operations are scheduled for the vicinity of the lake.
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1. INTRODUCTION

1.1 Objoctive‘ . -

| Mary Gregg Lake is located in the Foothills of the
Canadian Rocky Mountains, adjacenf to Jasper National Park,
the Mountain Park “"refugium®™ (Packer & Vitt, 1974), the
"ice-free corridor” (Rutter & Schweger (eds.), 1980), and
within the lease area of an expanding coal mining operation.

The objective of this research was to reconstruct the
post-glacial palececological history of that lake, using a
multidisciplinary.,analysis of sediment indicators. This can
provide not only data for paleolimnological and 1imné§;gisal
genefalizations, but ac!.as fhe basis for projections of the
future trends:in the ecology of the lake, necessary for the
proper management of its environs and water resources.

This research was also expected'to yield inéights into
- post-glacial chronoiogy, paleoclimatology, afd ecological
successions of an area, where this information - basic for
such disciplines as geology, pedology, archaeclogy, botany,

zoology, climatology, forestry, and wildlife management is

lacking.
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1.2 Lake systems

| The components and processes operating within a lake
are very numerous and complex, and constitute an open |
system, simultaneously linked to the adjacent terrestrial
environments, as already clearly pointed out by Rawson *
(1939).

xThe abidtic componenfs of a continental water body are

linked in a very direct way to the»lithalggiesi soils,
climate, and vegetation of the sourrounding area,
Groundwater and runoff continuously transport chemical
substances and sediments into the basin from rocks and
'soils. Climatic factors act via precipitation, temperature,
and wiﬁd, affecting the dilution and distribution of gases
and ions, the mobilization of particles, the turbidity, and
the water temperature (including thermal stfatifisatian);
Seasonality and lake morphology are responsible for the
structure and dynamic properties (e.g. mixing) of physical
and chemical parameters at different times. The vegetation
of the watershed regulates important steps of theé hydrology
of the basin, contributing with dead organic materials being
 trahsported into the lake, as well a; indirectly affecting
80ils aﬁd microclimate, Natural and anthropogenic fires, and
soil disturbances in general, have a capital influence in
. the terrestrial vegetation communities and, therefore, in
4the watershed Stébility and the 1akebsystem_

| The aquatic biotic comp&neﬁts are also directly linked

to external influence, particularly climate.




Precipitation-evaporation, light, temperature, and wind are
the mbst prominent physical factors exerting influence upon
the organisms on a seasonal basis. In turn, sheltering and
shading effects, related to vegetation and topography,kalso
contrel those parameters.

The abiotic and biotic processes are ultimately linked
io the geographical positioﬁ of the water body, and the
local geo%orphological controls.

Within the water system, biogeochemical processes are
also continuously in effect, determining important *
characteristics of the sedimentary record (e.q.
concentration of silica and trace eléments{ precipitation of
carbonates, redox and mobilization of elements).

Human factors such as pollution, hydrologic
alterations, introductioh or extinction Qf species, and
resource exploitation, are certainly among the most powerful
causés of change on water bodies in modern times.

Indirect effects gre always acting, for one factor
relates in some way to the others. Thus, a complex wveb of
relationships and feedSack actions is the best description
of lake systems. Figure 1 depicts schematically such model.
Details and examples of watershed-lake systems are given in
limnologicai works such as Cole 41979), Golterman (1975),
‘Hasler (1975), Hutchinson (1957,1967,19875), Likens & Borman
(1974),.Likens ét al. (1977), and Wetzel (1975).

Additionally, these intricate systems change through

time from the origin of the lake to the present. The
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reconstruction of such ontogenic states is possible to a
certain extent (depending upon the conditions of
preservation), using the clues provided by the fossils and
abiatéc components recovered from the sedimentary record,
and establishing their relationships. This is the aim of
Paleolimnology (Birks & Birks, 1980; Frey, 1969, 1974; Moss,

1980; and Wetzel, 1975).

1.3 Paliél}ﬂﬁﬁlﬁgy

In addition to providing basic paleocecological
information, the ontogeny of lakes is essential for the
understanding of present status and, therefore, for the
rational management of such resources. Thus, it is the
responsibility of the paleolimnologist to offer a reliable
reconstruction of the lake evolution. At the present time
the number of tools for paleolimnology is diverse, but their
use in isolation, a%;h@ugh'sim91Ef, is not recommended. The
15:93: the number of inéicéEars used in combination, the
more accurate will be the conclusions,

Tﬁe principal indicators used to reconstruct lake
histories, are: geological and geomorphological features;
bottom sediment characteristics such as stfuctures,»
granulometry, physical and chemical parameters, and
minerflogy; geochemical and biogeochemical data (elemental
concentration, plant pigments, and other organic

substances); diatoms, p@ilen/spares; arthropods, porifer



spiculae, and other microfossils; plant remains, molluscs,
and other macrofossils; and geophysical properties (stable
and radioactive isotopes, and magnetism). Summaries and
examples of paleolimnological work can be found iﬁ'Beréluné
(1979), Birks & Birks (1980), Bradbury & Hanley (1979), Frey
(1969, 1974), Moss (1980), Winter & Wright (1977), and
Wetzel (1975fi Cclle:tiané of pertinent papers were j
published in volume 17 (1969) of the Communications of the
International Assacigticn of Theafetical.aﬁd Applied
Limnology (Mitt. Internat. Verein. Theor. Angew, Limnol.),
and volume 25 (1978) of the;?ciish A{chivgs of Hydrobiology.
'~ Geological:and geomorphological features are generally

used to interpret the origin of the water body (Cole, 1979:

Reeves, 1968) or previous lake-level fluctuations (e.g.
Langfcré; 19?7: Reeves, 1555; éichafdsen, 1969). Lake
morphometry determines important characteristics of the
paleolimnological record, particularly focusing of sediments
(Kamp-Nielsen &.Hariégravei 197é; Wetzel & Manny, 1978).

' Bétte@>sedimeht characteristics are génerally used to
indicate changes in the environment of degggitian ;nd the
igtefshed (Berglund, 1979; Birks & Birks, 1980: Lerman,
1978; West, 1977), sediment perturbation (Smith, 1959),
vater-level changes (Digerfeldt, 1975), reééx éanditians

(Lerman, 1978; Wetzel, 1975), and chronology (laminations

(Saarnisto ;n Berglund, 1§79); aﬁd volcanic ash (many pgpgfs

cited in Westgate & Gold, 1974)).

N



Geochemical ané biogeochemical data from lake sediments
are important in reconstructing the erosional and
depositional histories, redox conditions, changes in the
envigéﬁment of @epésitign, diagenetic changes,
paleoproductivity, and human influence.

The most éammanly used elements for paleoclimnological

1nterpfetatlén5 are sad;um potassium, calcium, magnesium,

&

aluminum, zinc, copper, iron, manganese, carbon, nitrogen,
phosphorus, and sulfur (Bengtsson in Berglund, 1979:
Haék2feth, 1966; Wetzel, 1975). Trace elements have also
been useﬁ (Cowgill & Hutchinsgn. 1366; Hﬁt:hinsen & Cowgill,
1973; Hutchinsen et al., 1970). '

Sodium and potassium are related to terrigenous

- sedimentation, and/or to periods of positive evaporation and
saline waterE: Calcium and magnesium, when they covary in
the same direction, can indicate dolomitic precipitation,

, tgrrigeﬁcu; sedimentation, and/or leaching in the watershed;
however, when calcium is high and the Mg:Ca ratio is low,
the indication is féf preferential precipitation of EiCO;
(indu:ed_biel?gitally or not). Aluminum, zinegtand copper,
are generally associated with particulate matt;r. and are
usuﬁliy good indi;atéfs of erosion, although Zn and Cu are
also related to redox processes (Hallberg, 1972)i Iron and.

manganese can be trangperted into the lgkes either lﬁ

L

éusgensieh or in solution. The latter is possible under
reducing conditions, Mn being more soluble than Fe

(therefore, the Fe:Mn ratio is used as indicator of soil and



hypolimnion redox Eéﬂa{EiQﬁS)- Under reducing conditions and
the presence of sulfide, Fe also easily ‘precipitates as
gpyfite, vhereas in the presence of pﬁasphate; Fe,(PO,), 8H,0
(vivianite) can b; formed diagenetically. Carbon and
nitrogen are used to estimate organic matter content. The
C:N ratio is an indicator of allacEthgnéusiautéchthcnaus
organic matter contribution (high’raéics generally suggests
preferential allochthonous organic matter). Phosphorus is
. related either to paleoproductivity and to mobilization
processes (erosion aﬁd redox). Sulfur in the form of sulfate
is generally associated with gypsum evap@rites or
diagenesis, and in the form of sulfide to reducing
conditions and paleoproductivity. Zinc, cadmium, chromium,
mercury, and lead are in ﬁétural conditions related to
terrigenous sedimentation, but can also be used to trace
pollution when human input exceeds the amaunt;vusually found
in rocks and soils. !

Eicgec:hemica; studies have shown that a variety of
fossil organic compounds are preserved in lake seéimenﬁs,
such as fatty acids, amino-acids, isoprenoids, alcohols,
keténes, sterols, hydra:érbans, carbohydrates, and pigments
(t:rala‘;‘nuvel:'I,.,i 1976; Barnes &-Earnés in Lerman, 1978). f)
Photosynthetic pi%ment derivatives have been the most Qse&
in ﬁale@limnelggi:al,recqnst:uctiéns tg;aaté (Egngtssan in . |
Berglund, 1959; Brown, 1969; Sanger & Gerhém, 1970; Swain,
1970; vallentyne, 1969; Wetzel, 1975). Nondegraded

chlorophylls are rare, but pheophytins, chlorophyllides,



pheap@é:bides, and other éegraéaticn products are commonly
found igvlake sediments (included under the general name of
a*pingﬁgs). Carotenoids are also common, and some of them
are speciﬁjé tc:gtaubs of organisms such as the blue-green_
algae. In égmmafyp fossil pigments serve to indicate the:
ocurrence Qf\changgs in floristic aézributgs of lakes and
their drainage basin, record different algal pepulatieps
based upon pigment specificity, measure relative abundance
of former populations (including productivity), and even
indicat; :haﬁgesﬁin the nature of the physical and/or
ghgﬁ;cal Enviféﬁméht.;

Compared to tﬁe analysis of morphological remains, the
limitations of biogeochemical paleolimnology may seem too
many, but given the fact that fossils of soft-bodied species
are relatively rare, the clues provided by pigment
derivatives and other organic %ubStanees assume considerable
importance. On the other B;néggthesi studies are still in
their beginning, and are :értainly one of the'mast fertile

Theoretically, it should be possible to trace the
history of diatom populations éné communities in a lake, by
studyipg their fossils in bottom sediments, relating the
floral and proportional changes to variations af e:@;ﬁgical
génaitians. However, several problems hgye to be taken into
account when using diatoms, many of vhigh3§ave been pointed
out by Battarbee in Berglund (1979), Round fﬂ?éi), and Yuse

{1966). Frequent problems, common to other paiéQecelagical

N



indicators, include differential preservation and
representation; erosion, disturbance and contamination of
sediments; sampliﬁg, processing, counting, statistical and
interpretation errors; and exclusive use of percentage data.
There are many instances of diatom studies in lake
sediments; Bradbury (1971, 1975), Brugam (1980), Duthie &
Sreenivasa (1971), Haworth (1969, 1972, 1976, 1977), Hickman
et al.(1978), Hickmgn L Klarer (1981), and Round (1957b,
1961), are but some examples of the use of these important
paleolimnological indicators.

Other algal remains have also been recovered and
studied in lake sediments, as illustrated by Birks (1976),
Hutchinson (1970), Korde (1966), Van Geel (1978), and
_Whi:fside (1965) . v

/ Pollen and spore analysis of lake cores is used to
provide chronological data and reconstruct paleocecological
changes in the region, the watershed, or even the aguatic
system, 1is almost alwajs performed as part of
paleolimnological research. Consequently, the literature on

thq, subject is very extensive, Befglund (1979) and Birks &

Holland (1986), Heussef (1956), Lichti-Federovich (1970),
kitchie (1976), and Schweger et al. (in pfess) are pertinent
examples for Alberta.

Plant macrofossils, particularly leaves and seeds, are
frequently preserved in lake sediments, and have proved very

useful in combination with palynology. Wasylikowa in



Berglund (1979) ané Birks & Birks (1980) provide recent
reviews, and Delcourt et al. (1979) a bibliography. Charcoal
fragments have also been used to reconstruct fire history
(Sswain, 1973, 1978).

Animal remains, principally of arthropods and molluscs,
are very important tools in paleolimnology, as reviewed in

Berglund (1979), Birks & Birks (1980), Delorme et al.

(1977), Frey (1964, 1976), Goulden (1969), Miller (1978),
Murray (1979) and Stahl (1969),
Stable isotopes can be used to ingdcate past

carbon and oxygen (Siegenthaler & Eicher in Berglund, 1979).
However, geophysical methods are generally employed to
establish relative and absolute chronologies. In this

[ ]
respect, paleomagnetism (Mackereth, 1971; Thompson in

Berglund, 1979), and especially radiometric dating, are the

used in paleolimnology (Birks & Birks, 1980; Moss, 1980)).
There are innumerable examples of multidisciplinary
studies in paleolimnology, mény of them summarized by Birks
& Birks (1980), Cole (1979), Moss (1980), and Wetzel (1é15)g
Additional exampleé are Battarbee (1978), Bradbury (1978),

Elner .& Happey-Wood (1980), Forbes (1980), Forbes & Hickman

*
¥

methods of choice ('*C, *'*Pb, '’'Cs, 22*Th:??’Th have been

1}578. 1981), Frey (1955), Hickman & Klarer (193;)E Hickman

et al. (1978), Karrow et al. (1975), Marciniak & Kowalski

(1978), and Pennington (1977)., -
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1.4 Mary Gregg Lake environment
Mary Gregg Lake, was named after the half-Indian
daughter of the Stoney Chief Cardinal. She married the
tﬁrn-cf=thg*centuf£ pioneer céai.praspeétﬁfzgg%ghé region,
frapper, and merchant John James Gregg (Ross, 1956){2“922%2

Thg lake is located in the Province of Alberta, Canada,

-Sec. 4, Twp. 48, Rge. 24, west of the Fifth Meridian (NTS
83F/3W), aproximately 53°7'N, and 117°28'W, at an altitude
of 1540m a.s.l. (Racky Mountains Foothills, just east of the |
,Hikanassin Range), wlth1n the boundary of Cardinal River
Coals Limited lead@area. Access to the lake is restricted
td a trail of about 1Kkm from Highway 40 (35km south of
"Hinton and Highway 16).

Its origin is related to glacier activity during the
Late Wié:énsin Cordilleran Gl;ciati@ﬁ, with local bedrock
structural controls. The result is an elongated water body,
plugged by morainic materials. The maiﬁ axis is oriented in
the E-W direction, because corrasion ocﬁurred preferentially
alang the cantact (fault) between the dipping Luscar and
Blackstone Farmat;sns, which form steep slopes of more than
30%, rising a;aﬁt 150 aboye the level of the lake.

" The surficial iithglegies of the watershed are mainly
Lower Cretaaeéus continental sandstcnes, of the Eusear and
Héuntaxn Park Fermations, in the south slope;. and Uppgr
' Cretaceous dark marine shales, @E the Blackstone, Bighorn,
and Wapiabi Formations, as well as colluvium and éill

(Marlboro Till?), in the north slope (M. Bombin, pe:sanél
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communication; Mack#y,-1929, 1943; koed, 1975). Some
Blackstbne'shple and till are also present at the south.
slope of the east end. Carbonized plant fossils and coal
part%cles occur throughout the Luscar Sandstone outcropping
S in tﬁe south slope. A coal geam is apparently located within
350m from the SW corner of the lake (Hawryluk, 1977)

The soils of the north slope cf the valley were mapped
as predominantly Distric Brunisols of the Maskuta
Association: and/Those of the south slope as Distric
Brunisols and Gray Luvisols of the Robb Associ&tian
‘(Dumanski et al., 1572) Qowever the predominant soils af
“the lake. watershed itself are better classified as Regesals
in the Canad\an System of Soil Classxf1cat1;n, or Entisols
'in the U.S. System (M Bombin, personal commun:catlon).

The prec1pxtation of the.regisn is aboutp
700-800mm/year. The summers ér; cool (11°C average), éné the

winters are cold(-11°C average). Averages of temperature and

precipitation data for the last four years, at the Cardinal

River Coais'lLuscﬁf‘Mine site (6km from Mary Gregg Lake), ‘is

presehted in Tabl® 1 . Microclimatiéally, the radiation and .

its effects are definitely higher ﬁn the south-facing slope.
Predominant winds during the summer 'blow along the valley in
the E-W direction, buf the strongest winds occur during
winter blizzards.

The‘vegetétioh of the area is dominahtly boreal forest,

but the florfstic—composition varies , depending principally

upon the slope and drainage. The north-facing slope supports

e



Table 1 - Climatic data at Luscar (1977-80)

Mean
Mean
Mean
Mean
Mean
Mean
Max.

Min.

-

daily temperature
May-Sept. temperature
daily max. temp.
ﬁay-Sept. max. temp.
daily min.ltemp.
May~Sept. min. temp.
temperature

N\
temperature

Snowfall

Snow

water equivalent

Rainfall

Total precipitation

2.1
9.5
8.0

+15.3

-3.8
3.5
28.3

-36.5
269
273
582
855

I+

H

i+

34

34

L]
o N

.
>

3.0

1.7
1.7

132

40
284
255

14
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a white spruce-balsam fir-green alder forest, with abundant
mosses (Pleurozium, Ptf]ijum, Hylocomium), club-mosses
(Lycopodium), and horseta%l (Equisetum), at the ground
level. The south-facing slope is covered by a lodgepole
pine-green alder forest, with an understory of sparse herbs,
and shrubs (including Uuniperus). Both west and east ends of
the lake are poorly dr;ined, and forests of spruce-balsam
fir (many young firs can be observed) with an understory of
mosses, labrador tea (Ledum), lichens and herbs, alternate
with thickets of dwarf birch and willow, on organic soils
(histosols). Adjacent to the west and east shores, mires
occur, with peat accumulation by sedges (Carex) and mosses
(a collection identified by J. Janssens comprised |
Aulacomnium palustre, Bryum sp., Calliergon giganteum
Drepanocladus aduncus, Hylocomium splendens, .Pleunozzum /
schreberi, and Sphagnum nemoreum). Slightly higher wet areas
of the west side have mats and monticules of Sphagnum
pubrum. THe majority of the trees range in height from 15 to
20m, 10 to 25cm in diameter, and 50 to 80 years in age
(Mentz et al., 1973), No major‘torest fires have been
recorded in the watershed for ettleast the last 20 years.

A sonar bathymetric study done in 1979 by M. Bombin and
the author, permitted the elaboration of the map presenteé
in Figure 2 . From this, and aerophotography, the
: .morphometrxc parameters presented in Table 2 were
- ~calculated. The maximum depth was measured after a beaver

dam at the east outlet was destroyed in 1978, with a
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Table 2 - Mary Gregg Lake morphometric data

Maximum length 1000 m
Maximum width 127 m
Surface area 80,670 m?
Area at 2m depth 54,330 m?
Area at 4m depth 45;330 m?
GArea at ém depth 35,330 m?
Area at 8m depth 25,330 m?
Area at 10m depth 10,330 m?
Area at 12m depth 3330 m?
Area at 12.5m depth 1110 m?
Volume 426,310 m?
Maximum depth 12.5-13.0 m
Mean depth 5.3 m
Relative depéh 3.9 &
Shore line 2200 m
Shoreline development index 2.2
Volume divslﬂpggnt 1.27
Ellipticity 0.87
Percent mean slope 7.8 %
Morphoedaphic index 22.5 ¢t 4
Watershed area «1,280,000 m2
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resultant drop i pfgvi@usglake levels of about 0.5-1.0m. -
N N :
The volume development indicates that the bottom morphology

1s closer to an elliptic sinusaid,ivhi:h suggests. that

sediment fcsusiﬁg gh%u&é not be a major process in this lake
(Lehman, 1975). . ',

The water Csﬁtfibhtian t? the lake Ecmes from snow,
rain, slope runoff, small springs anézpfebabiy some
ground-vater. The lake is at the water divide of the bottom
of the valley, having a running water outflow at the east
outlet, vhich:farﬁg Haryrsregg Creek (a tfigutafy of HcLeaé
River), but water also seeps throdgh the west mire, draining
to Gregg River. This peculiar geomorphic situation of the
lake is of great significance for fufth;f paleolimnological
interpretations, because a positive water budget uill;
probably cause outflow in both directjons (eastward and
westwa;é). keeping the water level from raising more than to
a certain point, determining the dilution of epilimnion
nutrients and loss of heat. Contribution of clastics to the
lake is mainly through runoff, but the largest spring (sw
corner) also brings plant detritus and particles of the
Luscar Fm., including coal. Wind is also fespcnsiblerfer
plant detritus transport into the lake.

The lake is ice-free from about May through October.
Using original measurements, plus information given by
‘Chjmkov(19505, Dixon (1979), Hawryluk (1977), and Mentz et
al. (1973), the profiles of physical parameters presented in

Figure 3 vere elaborated, using the averages of available
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data.

The'ﬁatef pH escill;tes within the 7-8 range.
Hydrochemical data taken basically from RL ¢ L Environmental
Services Ltd. (1981) and M. Hickman (personal éammuﬂicatian)
is presented in Table 3 .

The bottom type is generally organic mud, but gravel
and inorganic mud is found around the shgfesl and some rg:kg
and sandy bottom occurs in the south littoral zone. Logs are
comman along the shores, particularly felled by beavers in
the south and north shores of the east end.

The benthic communities include: a rich and zonated
macrophyte vegetation (optimum growth is found in depths of
less than 4.5m) with Callitriche hermaphroditica, Chara sp.,
Myriophy! lum exalbescens, Potamogeton peg;inatus. P.
richardsonil, Ranunculus spp.; green and blue-green algae
(particularly Spirogyra and Oscillatoria): diatoms
(dominated by several varieties of Fﬁagi]éﬁis): Sarcodina
(Difflugia); Bryozoa (Plumatella); chironomids and other
Insecta; ostracods; amphipods (Gammarus); molluscs (Pisidium
and different species of gastropods); and annelids. A
summary of resuits obtained with an Ekman dredge in the
littoral zone (1980), from RL & L Environmental Services
Ltd. (1981), is presented in Table 4 .. Ekman dredge results
in deeper wvater indicate low total dgﬁsitf of organisms
g(gvefagé of 260 organisms/m?).

The proportional cempas1txen of the .phytoplankton is
suhje;t te v;d& varlib;l;ty, hewevet, Ank | st rodesmus,,



Table 3 - Hydrochemical data (ng/i)

Mean* std. dev.*

6.30 0.80

Py

21.30 1.70

¢ ¥

Na | | 10.50 2.00
X e S0 . 0.90 0.40
Fe ' i 0.11 0.06

<0.01 i -

gi

20.01 $ -
0.16 0.08

m 0
] 4

c1 " A _j' . 1.30 1.60
si ’ 1.50 0.70
Sulfate ‘ 9.60 4.10
‘Phosphate ' |  <0.02 -

Nitrite/Nitrate : 0.03 0.02
Bicarbonate 104.00 9.00
Alkalinity (as CaCO,;) = 85.00" 7.00
Total hardness 79.50 6.10
Dissolved solids 119.00 23.00
Ignitable diss. sol.(550°C) 60.00 17.00

Total inorganic :grben' 25.5d‘ 2.10

*Samples taken in June and September, 1978-1980.

'



Table 4 - Abundance of littoral benthic
organisms/m? (1980).

June Septenbeg
Oligochaeta 1419-7095 1075-14,104
Hirudinea 0-86 0-43
Acari ' 0-172 43-688 .
Amphipoda '~ 0-2064 0-817
Ostracoda 0-43 0-430
Ceratopogonidae 129-2064 0-258
Chironomidae 774-3397 387-5848
Trichoptera . 0-387 0—688
Mollusca 0-172 903-8471
Others 0-172 0-86
Total 2322-15,652 2408-31,433

[ 4

Nemata were very abundant, but not counted
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Chiorel]la, GIMstis. Staurastrum, Cryptomonas,
thdomonas. Dinobryon, Asterijonella formosa, Cyﬁistéi{a
cohfa. Fragilaria crotonensis, and Chroococcus, seem to
dominate. A singl; analysis done on a sample collected in
September, 1978, yelded a plantzéﬁi: concentration of 2,39
microgramsyl of a-chlorophyll;, and 0.63 micrograms/1 of
a-pheophyfin. )

The zooplankton is dominated by rotifers (Conochllus,
Keratella, Polyarthra); water fleas (Daphnia, Bosmina); and
copepods (Cyclops). Cyclbps bicusgfdatQS thomas| and Daphnia
galeata mendotae generally account for most of the
zooplankton biopass (RL & L Environmental Services Ltd.,
1981)., A summary of plaﬁkton results pfesengeézby RL & L
Environmental Services Ltd. (1981) is given in Table §

In summary, although the limnelogical work at Hafy%’
Gregg Lake has been only preliminary, the information above
indicates that it is mefomictic (at least temporarily),
mesotrophic, moderately alkaline, and that more than 1% of
the ipncident surface iight hsually reaches the majority éf

om of the lake during the ice-free period. The

ixing effect of wind agitation is to a large extent
counteracted b§ the lake morphology, abundant macrophytes
(which slow down the currents), and maturely treed
.surrounding ares.

Among the necton, insects, fishes, and amphibians have

‘been observed. There is a natural population of brook

stickleback (Culaea inconstans), while eastern brook



Table 5 - Abundance of plancton (org.

or cells/l)

Cladocera
Copepoda
Rotifera

Tc%tal zooplanc_ton
Cy@nophyta
Bacillariophytaﬁ
Flagellated algae
Chlorophyta

Ultraplankton

TQtal phytoplankton

June* September*
<1-3 ' 6-16
30-86 20-86
15-274 8-87
46-363 &  34-189
tr.-2000 tr.-15,000
12,000-128,000  28,000-88,000

24,000-1,288,000
1000-316,000
tr.-2,155,000

9000~300,000
1000-166,000

tr.-14,000

37,000-3,889,000 38,000-58f,000

*Averages of 1978-80 .

S I R
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(Salvelinus fontinalls), and rainbow trout (Salmo galirdneri)

have been stocked since 1949 (Dixon, 1979; Hawryluk, 1977).
The stickleback and amphipods are the main food items afithe
two species of trout. Although eaétern brook seems to be
better adapted for the lake, it has not been stocked since
1953. Natural reproduction of both species is evident, but
it is not sufficient to mantain a sport fishery under the
present fishing pféSSufe (Hawryluk, f977)§

Askan occupation of the area in prehistoric times seems
to have bEenrvery sparse, and limited to small groups of .
hunter-gatherers. Only one afiﬁ%eelégical site (FgQi-9) was
located so far in the Mary Gregg Lake basin (Brink, 1980).
It is located in the west shore, and occupies an estimated
area of 1500 m?. Small test holes and surficial collection
yielded a basalt core, a Nordeqg Formation chert core, a
quartzite biface, a basalt biface preform (projectile
point?), waste flakes and shatter (predominant lithic
material of the site), a few bone fragments from large
mammals, and ;h;rsaalg which produced a radiocarbon date of
25451400 BP (S-61892). This assemblage suggests a campsite
of the Middle Prehistoric period of Alberta. There is
another small campsite (FgQi-7) of unknown age (pfabably
similar to ?gQi*S)Esituateé on a terrace al@ng the Gregg
River, 'km west of the ;ékg, wvhich also yielded
predominantly flakes, and a core of Nordegg Formation chert
(Lifeways of Canada Ltd., 1976). A small rockshelter site,

20km southeast of Mary Gregg Laké, was studied by Hall
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(1976), who reported small amounts of lithic debitage, and a
few finished stone toois, including a small stemmed
projectile point, which was associated to a radiocarbon date

of about 3750 BP. Historically, human impact upon the lake

this century until recently, only coal prospectors,
tfappefs. and a few tourists used sporadically the lake
resources. In the last 30 years, geclogical prospection
scars are becoming more and more numerous in the watershed,
At present, the ali year round recreational Galue of
this 1$ke, is important for several reasons, particularly
because it offers excellent é:enery? wildlife watching,
fishing, conoeing, hiking, cross-country skiing, and
picnicking conditions; specially for the workers of the
nearby Luscar mines, Cadomin, and for the Hinton area
‘population in general. The spring water is of excelleng
quglityi : : '
The ecological sggnifiéanée of Mary Gregg Lake is
enhanced by the fact that it is a unigue body of lentic
water with its:éémensians andi:hgractéfistics, in a
considerable are§ of the Foothills of the Rockies, and is
potentially undiz coal mining impact in the -near f%tufe.,

Uncontrolled and heavier human use during recent years has

also bécé@e a problem, with léndscape disfiguration, garbage

Ciumulaiiang and alterations in the HEtEE?hEd, being

already noticeable.



'2. MATERIALS AND METHODS

2.1 The cores

’ Two bottom cores were taken with a modified Livingstone
piston éafér (diameter 5cm, length 1m), operated from the
ice platform, at the points indicated in Figure 2. Core 17
was obtained in March 1, 1979, andACc?eiz in April 15, 1979,
respectively unééf 1'm and 0.4m of water.

Immediately after extfusiaﬁ, the core %egmenﬁs wvere
measured, summarily described, wrapped in plastic film and
brown paper (to avoid evaporation, oxidation, and
vphstéfeacti@ns). In the laboratory the cores were stored at

Before sampling the core segments were precisely

measured and the following macroscopic characteristics

described: sedimenJRtype, Munsell color, texture,

structures, tephr

(%]

macrofossils, and-any other

particulars. .

2.2 Core sampling

After inspection for obvious eantéminatien, thé surface
of the sediment cores were cleaﬁeé(bg'saapinéi generally at
10cm intervals, and the aliquots referred in Tablegﬁlug;e
sampled. | | |

Sixteen samples of about 100-150cm’ were taken at

selected intervals for radiocarbon dating, oven dried at

27



Table 6 - Core samples

Wet volume (cm3)

1

s

S5=7*

100-150

Analyses

Density, water content,
organic matter, carbonates

Diatoms, Chrysophyta cysts .
Pollen/spores, pyrite spherules

a-pigments, carotencoids,
other algae, Cladocera

'Na, K, Ca, Mg, Al, Zn, Cu,

Fe’ Mn' P' s' N

PH in 0.01M CaCl,, granulometry,
macroremains, sand/gravel
stereomicroscopy

Radiocarbon dating

*Freeze dried after sampling
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60°C, weighed, and wrapped in aluminum foil, before sending
to the Geological Survey of Canada Radiocarbon Dating

Laboratory, Ottawa, for analysis.

2.3 Surface sampfis
In order to provide comparative data, three sets of
surface samples were obtained from:
- Rocks and soils for geochemical analyses
- Lake sediment, soils and moss cushions for palynology;

- Lake sediment for diatoms and Chrysophyceae cysts,

s
Y

2.4 Analytical procedures

Density was calculated by weighing lcm® of wet
sediment. Iﬁ the same sample, water content (unbound water)
was found by differential weight after oven éfying at 105°C
overnight; the organic matter was estimated by weight loss
at 550°C for 1h; and the carbonate after 3h at 950°C
(Wetzel, 1970). Eérbéﬂ éaﬁtent was app:gxim;téé by dividing -
the organic matter results by a factaf-éf 1.8 (McKeague,
1978). -
| Siliceous microfossils (diatoms, Chryse?hycga cysts,
ieﬁc;) were prepared by the method outlined by Hickman &
kiarer (1981), which consists of oxidation of the organic
matter with a mixture afrhydrégen peroxide, potassium

with distilled vater. Known volumes of a homogeneous



suspension are then pipetted and let to dry onto
coverglasses, and slides mounted with Hyrax %gsin (Custom:
Res;arch & Development Iﬁcgr refractive inégx 1,65); The
slides were scanneéd until about 600 diatom frustules/valves
were identified under oil immersion (1000x magnification,
binocular microscope), basically in accordance with
Cleve-Euler (1951-1955), Hustedt (1930), and Patriék &
Reimer (1966, 1975). The concentration of diatoms per cm’
was estimated using the known area of the microscope field;
and the recorded number of fields.

Pollen and spores were prepared for counting by a
similar procedure to that outlined by Faegri & Iversen °
(1975). The standard treatments included HCl, NaéH. HF, and
acetolysis mixture (acetic anhydride and sulfuric acid). A
coﬁtaminant tablet of Eucalyptus pollen (batch 903722,
mean=16,180+1460 pollen gfaiﬁsytablet) vas added before
processing t@lgstimaze the fossil pollen concentration
(Benninghoff, 1962). Slides were mounted with silicone oil
(viscoiity 2,000 cs, refractive index 1.4). By plotting the
number of grains counted for new taxa to appear in random
samples, it was determined that aﬁaut 400 grains/level was
‘the optimum number for the purposes of this work. Therefgfef
this size of subsample was counted gn& identified, under a
400x or 600x binéﬁular'micrgscapéi using basically the keys
bf Habgood (197é), Féegri & Ive;seﬁ LTQ?S), and McAndrevs et»
al. (1973), and the rgfgreﬁcé collection of the Eabg}atefy

of Palecenvironmental Studies (Department of Anthropology,
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University of Alberta). Aquatic plant pollen was not
included in the total sum for calculation of terrestrial
pollen percentages. Pyrite spherules'were counted in the
same slides.

'The sedimentaryipigment degradation products (SPDP)

" were analysed according to Moss (1967, 1968) and Vallentyne
(1955). After addition of magnesium carpo;ate to prevenf
pheophftinization, SPDP were extracted from 1cm’ aliquots of
sediment in known volumes of a 90% aqueous acetone solution.
Spectrophotometric opfical density readings at-665nm were
rused'to estimate the sedimentary chlorophyll degradation
producis (SCDP); and at 480nm to estimate total carotenoids
(TC). Blank and turbidity corrections were made at 750nm.
One pigment unit is equal to an optical density of 0.100
vthrough a path length of 1cm, of an extract from 1§ of dry
sediment in 10ml of 90% chtone.

Afte? fossil pigment;;xtraction, subsamples of sediment
vere mounted with glycerol between slide and c?verglass, and
scanned under a binocular microscope (averaéelbf'200 fields
per slide), for a semi-quantitative estimation of other
algae and Cladocera remains. - . .
| Sediment elements were solu ‘ized by acid digestion of//
100mg freeze dried samples in a sealed teflon bomb at 135°C
for 2h, with a‘mix:pre of agua regia and hydrofluoric acid,
followed by addition of boric acid to solubildze metal
fluorides and stabilize the solution (Loring & Rantala,

1977). Sodium and potassium concentrations were determined
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by flame phofometry; and those of calcium, magnesium}
aluminum, zinc, copper, iron, and manganese by atomic
absorption spectrophotometry. Total P (in the form of
phosphate) was analyzed spectrophotometrically by the
ascorbic acid method (American Publiec Health Association et
al., 1976). Total S (as sulfate) was determined by the
turbidométric method (slightly modified from McKeague (1978)
by skipping the extraction steps).

Total N was extracted by{micr@iRjeldahl digestion of
100mg of freeze dried sedimént, and determined by a
Technicon autoanalyzer (American Public Health Association
et al., 1976).

The bH of freeze dried sediﬁent samples of known weight
was measured in a 0.01 M CaCl, solution (McKeague, 1978).
After the pH determination, the sample was screened through
sieves of 2mm and 0.062mm to obtain a simple granulometric
distribution of gravel, sand, and®ines (silt + clay) by
weféht. The sand/gravel fractions, collected cﬁ thé sieves,
wvere summarily studied under & stereomicroscope (maximum
magnification 30X).

The radiocarbon dates were obtained by carbon dioxide
proportional counting at the Geological Survey of Canada

Radiocarbon Dating Laboratory, Ottawa, according to the

methods described by Dyck (1967) and Lowdon et al. (977,



3.1 Core 1
3.1.1 Core segments

Eight drives were accomplished with the-pisian corer,
for a total of 7.6m of sediment. The length of the
respective core segments is given in éigure 4 . The basal
4cm of the first drive were ‘lost, and the top 3cm were |

considered unsuited for analysis (too fluid and disturbed).

3.1.2 stratigraphy

3.1.2.1 Sediment type .
| A schematic column of sediment types, including
structures, is presented in Figure 4, As a whole, the 700cm
of Holocene sediments recovered in Core 1 are predominantly
fine-grained organic mud féeze). Clear laminations start
just above the contact with thg;beércck shale,‘an§ fade
around 290cm. Some of the light laminations are marly,
specially the ones of Ehé bottom 100cm. Coarse materials are
easily visualized from 550cm down, particularly between
590cm and 550cm, where vivianite is also visible. Three
tephra layers are present, but cniy thg thickest gné”nggsg
cﬁe. betwéeniissiésféﬁ, i;.cgrtaiﬁly a primary lacustrine
deposit. The sediment has a strong sulfurous putrid odor

throughout.

33
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3.1.2.2 Sand/gravel stereomicroscopy

.Fram 700 to 550cm the mineral gravel fraction is much
coarser (some pieces >2cm), and composed of relatively
unweathered Blackstone Shale chips; while above 550cm this
is not found, and some gfanules‘seem to be diagenetically
ané/af coprogenetically cemented. Cleaner sand occurs at the.
contact between these two units»(ESO:m); and iron-rich
concretions appear at the basal contact with the Bla:kstangv
Shale (700cm).

Volca#ic ash shards are present below the 250cm level,
being particularly abundant at the 610-600, 490, 460-450,
410, and 390-380cm levels,

Coal particles are not clearly observed in this core,
"with the exception of a possible occurrence at 370cm. |

Charcoal fragments are more abundant below 220cm,

Mollusc fragments occur at 90-80cm.
upper 400:@.

Chitin coticules occur throughout, more prominently at
190- 180cm. | |

Plumate]la statoblasts apparently occur throughout the |
core but are definitely more abundgpt below 420cm And;nbévg
120cm. | |

’__Egghﬁjaéhiphippia have the same stratigraphic
distribution as the bryozoan statoblasts,
Plant detritus is mare;abundant below 550cm (coarser)

and between 120 and 40cm, being particularly scarse between
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290 and 120cm. Mosses occur at 430; 130, 120, ané 70¢cm.

Few ostracods are pfesénf'eiclusively in the bottom
100cm and upper 50cm: |

Sgall fish bones occur commorfly below SODQ£.

Saﬁdésize diatoms are common between 550 and 460cm, and
again between 420 and 170cm. These include species of
Campylodiscus, Melosira, Stauroneis, Gyrosigma, and Synedra.
Campylodiscus hybernicus and Melosira teres are dominant

between 420 and 170cm.

3.1.2.3 Wet color

Figure 4 displays the stratigraphic changes in the
predominant Munsell color of wet and relatively unoxidized
sediment. There are three basic color zzones; the first one
from the bottom to gbgﬁt 420cm presents variations of the Y
hue (very dark brown and olive grays); the next zone from
420-120cm hive a N hue (black); and the upper zone from

120cm ﬁ@ the surface is on the YR hue (very dark grey).

3,1.2.4 Density »

The stratigraphic platti%g of sediment density (Figure
4),Eagrees vith the visual observation that campgctatian
decreases markedly from 170cm upwards. Only vhen the more
compact fine mineral sediment fraction or gravel incfeage;

does the density surpess 2g/cm’. A
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3.1.2.5 Granulometry

The gfanulémetfy of the core is dominated by clay and
silt (Figure 4). Between 470cm and 130cm the coarse
(>0.062mm) fraction rarely surpasses 20%, and there is no
gravel between 550-130cm. Noticeable peaks of coarse gravel
occur only at 700-690cm, 620cm, and 600-550cm. Finer graveg
is also present in small amounts in the top 10cm.
3.1.2.6 pH _

Between 530cm and the surface, the sediment pH is -
acidic, essillating within the 3-5 range (Figure 4). In the’

| bottom 260cm it varies to greater values, up to pH'7;

3.1.2.7 Water content .

Interstitial water generally varies in the sediment -

between 60-80% (Figure 4). The section dominated by finer
mineral sediments (400-170cm) averages about 60%. At the
700cm level (contact with shale) the water content is 20%,

and at 570cm (peak of gravel and sand) it is 3.5%.

3.1.2.8 Organic matter

The organic matter percentage spectrum (?igure‘i) can
. be described as delineating three main stratigraphic zones.
The oldest ané, from 73@ to 440cm, exhibits wider
oscillations and averages more than 15% of O.M,; the middle
zone, from (AG Earabéut 136;m, has‘DaH; ;alues avefagiﬂé K
less than 15%; and the top zone from 130cm up again averages.

more than 15% O.M., although values never surpass 20% as
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some of the levels of the lowermost zone.

3.1.2.9 Carbonate

Csrb;nate congentrations are generally higher than 2?
below 400cm (Figure 4), with marked peaks at 670, 620, 470,
420, and 410cm. Above the 400em level, carbonate percentages.
are generally lower than 2% (only the 330 and the 110cm 1

samples are exceptions).

3.1.2.10 Pyrité spherules '
The number of pyrite spherules per field is clearly
higher in the basal portion below 430cm (Pigure 4). In the.
remainder portion of the core the number of spherules is
generally lower than 1 per field. There is a slight increase
at the 120cm level to more than 2 spherules/field, trending
; back to less than 1 sﬁhefule/field towards the surface.
: | | - y
3.1.2.11 Radiocarbon dates

Ten '‘C dates were obtained on a sequence of core

<

segments, through the Geological Survey of Canada
|
Radiocarbon Laboratory. All samples were pretreated with

HCl. The results are given in Table 7

3.1.3 Biogeochemistry

3.1.3.1 Carbon oo C e o
Tﬁg carbon concentrations presented in Figure 5, being
obtained as a constant function of the organic matter

content, have an spectrum identical to the latter.
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3.1.3.2 Nitrogen

The N results, summarized in Figure 5, are distributed
in three zones. The lowest one, from 420cm ﬁ'lt:;inmi hévg
generally values surpassing 7.5 mg/g dry wt. (many exceed 10
mg/g dry wt.), with the exception of the 455-457cm volcanic
}ashi and at the gravel peak levels. The next zone, from 420
to 130cm, have N values generally lower than 7.5 mg/g dry
wt.; and the top zone, from 130cm up, averaged N values

slightly higher than 7.5 mg/g dry wt.

3.1.3.3 C:N ratio

With the exception of a few levels (ﬁatabiy EheAbéttam
gﬁes);‘the distribution of the CEH ratio ave:ag;é about 10
(Figure 5). A- trend ngafés ; depression in the spectrum to
values lower than 10 is noted in the middle section. An
gxcepticnally.high value occurs at the interface between the

. limnic sediment and the basal shale.

3.1.3.4 Total phosphorus

v The P stratigraphic pfafile is guite serrated (Figure
5), although most values fall between 1! and 3 mg P/g dry wt.
%wa very low indentations occur at 620 and 600cm. Three
peaks exceed 6 mg/g dry wt. (700, 570, and 420cm), and three
other exceed 4 mg/g‘éry wt. between 280 and 230cm. In the

upper 120cm this element is generally higher then 2 mg/g dry

wt.
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3.1.3.5 Sulfu

|

[t
-~

The su

ur strétigfapﬁi: 5pe:tfum; depicted in Figure
S, shows three different zones. The bottom one, from 440cm
down, has high values of Qulfur, generally more than 80-100
mg/g dry wt. (exceptions made to the gravel and to the
455-457cm volcanic ash levels). The lntermediate zone, from
440 to 130cm, has felat1vely lav values generally lower
than 40-50 mg/g dry wt. The upper zone, from 130cm to the
- sediment surface, has again higher values of §, generally
surpassing the 4D=Eé mg/g dry wt. concentration.
3.1.3.6 a-Pigments

The three-zon€ pattern of other indicators is also
clear in the a-pigment stratigréphy»(?igure 5). With the
exception of the lowest level, from the bottom of: the core
©to 420cm, the a-pigments yield more than 2 units/g dry wt,
The miédle zone, from 420 to 130cm, presents less than 2
~units of a-pigments/g dry wt. (some levels even less than 1
unit). The third zone (upper 130cm), yields again more than

2 units/g afj wt.

3.1.3.7 Carotenocids

The Earcténcid profile is almost analogous to that of
thé éépigmentﬁ (Figuée 5). That is, thérg are three basic
. zones. The basal one (420¢m down) exhiblts genefally mcre
than 10 un1ts/g d:y wt., althaugh v1de fluctua§1ans cccur,
‘many peaks having mere than 40 unzts/g dry wt, vh;le the-

gravel levels have the lowest values of the core. The.
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intermediate zone (420-130cm) has the lowest values,
generally below 10 units/g dry wt. The upper zone (above
130cm) again have values surpassing 10 units/g dry wt.,
although not as pronounced as in the basal one (only tﬁé

peaks surpass 25 units/g dry wt.).

3.1,3.8 a-Pigments:Carotenoids ratio

The stratigraphic spectrum of the

a-Pigments:Carotenoids ratio, depiéted in Fiéufe 3
indicates two different patterns. A basal zone, fr
470cm, have fé;iés generally below D.iEiGAbave
ratios are generally higher than 0.15.

3.1.4 Metals

3.1.4.1 Sodium

As a rule, Na remains fairly cgnséant throughout the
core, with values between 2.5 and 5.0 mg/g dry wt. (Figure
6) . The exception is the 455-457cm volcanic ash level (32.9
mg/g dry wt.) and two peaks after it at 440cm (7.5 mg/g dry

wt.) and 410cm (7.9 mg/g dry wt.).

'3.1.4.2 Potassium !

The stratigraphic pfﬁgili of K has a twofold §atté:n
(Figure 6), with values genérglly lower than 20 mg/g dry wt, -
niﬁ‘the basal portion (beiév iéﬂcﬁ), inaxﬁigher ﬁhaﬁ Zd mé/g‘.

dry wt. in the upper part (above 430cm).
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3.1.4.3 Calcium

The general trend of Ca is to decrease from the base of
the core up (Figure S);;althaugh the basal gravel peaks also
have low values. Notable peaks occur at the 455-457cm
volcanic ash horizon, and below the 600cm level. A three
fold pattern is also dicernible: below tﬁe 410cm level Ca
Qalues a?éfage more than 5 mg/g dry wt.; between 410 and
wt.; and in the upper 170cm the values are always below 2.5

mg/g dry wt.

3.1.4.4 Magnesium
The Mg stratigraphic profile is similar to that of K,
in having a twofold pattern (Figure 6). Underneath the 430cm

level the Mg values generally osciliate below 5 mg/g dry wt.

, Above the 430cm level they average 5 mg/g dry wt. or more.

3.1.4.5 Aluminum

A trend comparable to those of K and Mg is also visiblé
in the Al stratigraphic spectrum (Figure 6). In the basal
section (below 430ém) the Al concentration oscillates around
60 mg/g dry wt.: while in the upper 430cm it tends to

average B0 mg/g dry wt.

3.1.4.6 Zinc
The In prafilé‘éaes not seem to have any clear trend -
(Figure 6), remaining erratic throughout, with two main

peaks at 400cm (1.02 mg/g dry wt.) and at 310cm (0.61 mg/g
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S

455-457cm volcanic ash level, the 620cm level, and the 700cm

basal sample.

3.1.4.7 Copper

Copper also does not show any particularly noticeable
trend, (Figure 6); moreover, it lacks prominent peaks. The
Cu:Zn ratio, although calculated, is omitted for it does not

provide any clear information.

3.1.4.8 Iron _
The stratigraphic profile of Fe shows a threefold
pattern (Figure 6). The oldest zone, from 700 to 440cm, has
relatively high values of Fe (gene?allyemafg than 40 mg/g
dry wt.). The middle zane;‘ffam 440 to 180cm, has'rglétively
low Fe content (less than 40 mg/g dfy wt,); while the upper
portion has again higher vai;es of Fe (more than 40 mg/g dry

wt.). Conspicuous peaks occur at 600cm and 140cm,

3.1.4.9 Manganese »

There is no well defined pattern iﬁ the Mn spectrum
(Figure 6). Between the bottom and 410cm values tend to have
wider oscillations, with a low at the very bottom, and four
'péak; at 630, 600, 450, and 420cm respectively. Between
410cm and 130cm the profile is slightly deéfessed below the
0.30 mg/g dry wt. line. A discret bulge sbove the 0.30 mg/g -

dry wt. line occurs in the last 130 cm. - -
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3.1.4.10 Fe:Mn ratio
The Fe:Mn ratio follows very closely the iron profile
(Figure 6) and, therefore, the threefold pattern is also

clearly discernible.

3.1.5 Pollen and spores

The following 52 palynomorph taxa were identifieé in
Core 1: |

Abies
Alnus

Anemone canaﬁeﬁsis

Arceuthob ium améﬁigaﬁgﬁ
Artemisia |
Betula
Bothrychium

Bryophyta

Ampanulaceae

Caprifoliaceae
Caryophyllaceae
Chenopodiaceae/Amaranthaceae
Compositae «(Tubuliflorae)
Cyperaceae

Dicranaceae , Ce oy

Dadecatheon - S ﬁ;.;,.da;>;ﬂ:‘
Ephedraceae
Equisetaceae

Ericaceae



Er iogonum
Fragaria vesca
Gall ium
Jun | perus

Lar ix/Pseudot suga
Ledum
Lycopodiaceae
Henéiete spores
Hyfiﬁaceae/Ccrflaceae
Myriophy! lum
Onagraceae

Picea

Pinus (diploxylon)

Poaceae (=Gramineae)

Polygonaceae
Pclypeéiaceae
Populus

Potamogeton |
Eaﬂuﬁéufus | ;’k'
Rosaceae J
Ruméx‘

. Sal ix

Sarcobatus

; Saxifragscese
Scrgﬁhulariacg:e‘

- Sedum

Shepherdia canadens|s

48




Sphagnaseie

Thal ictrum

Trilete spores
Tsuga heterophylla
Tsuga mertensiana
Umbelliferae

Only Pinus, Picea, Abies, Alnus, Betula, and Cyperaceae
exceed 2% among the terrestrials; while only Myriophyllum is
represented with more than 2% among the aquatics. Their
stratigraphic profiles are summarized in Figure 7.

The arboreal pollen is generally more than 95X
throughout the core, and it is definitély dominated by pine
(60-80%), spruce (10-20%), and alder(about 10%). There is
little change in the profiles of these pcllen. types,
specially if a 95% confidence interval of 3-4% is
considered. The only suggestion of the available data is a
slightly higher average proportion of pine and fir, and
lover of SFruce; above 430cm level; while alder is lower in
the upéer 260cm. A marked peak of alder‘cccufs at the 490cm
level. |

Among the pollen types with less than 2%, |
Hyriéiceae/:crylgceae do not occur above the 400cm level
(Figure 7). o .

 The only prominent.aquatic., Myrlophyllum, has isolated
peaks at the 680 and at the 20cm levels, but a significant

bulge occurs between 570 and 400cm (with an idéntatian
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Cyperaceae are more continuously distributed, and
averaging more than 2%, between 510 and 380cm. °

Dvarf-birch is the only Betula occurring locally today,

available pollen data, if that was also the case in the

past.

The concentration pollen diagram (Figure B) displays

to say that, from the 390cm level up, there has been a treﬁd
towards lower pollen :anéentfatiﬂnsi with the exzeptiéﬂ of
the uppermost level where they are high again (particularly
Pinus, Piéea, Alnus, and NAP),

The average of taxa per level is 15, with a range of
11-22; and the percentage of iﬁéeterminabie palynomorphs
averagedizx. Pre-Quaternary palynomorphs are never gf;SEﬁt
in the samples.

5.3.6 Diatoms
A total of 186 diatom taxa were identified to the level
of variety in Core 1, consisting of (varietal names are
omitted Qhen.identical to the specific names):’
Achnanthes cleve! Grun.
. Clevel var. rostrata Hust. 7 7
. comsplcua A. Mayer s ME;-;féﬁgi,a_;=a;§~~fkﬁﬁﬁa;?
. eéxigua Grun, |
hauck lana Grun.
lanceolata (Bréb;),Gfun.

» » » N x
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lanceolata var. elliptica Cl.
lanceolata var. rostrata Hust.
linearis W. Smith

marginatula Grun, )
minutissima Kutz.

peragal)i var. fossllis Temp. & Perad:=.

saxonica Krasske

Amphora coffaeiformis Agardh

. O N N . -

delicatissima Krasske

. montana Krasske

. oval is Kutz.

oval is var. lybica (Ehr.) Cl. | o

. ovalis var. pediculus Kutz.

. perpusilla Grun,

Asterionel la formosa Hass,

Calonelis bacildum (Grun.) Mereschk.

C.

silicula (Ehr.) Cl

Campylodiscus noricus var. hibernicus (Ehr.) Grun.

Ceratoneis arcus Kutz.

Cocconeis dlminufa Pant.

RERLE A

dlsculus Schum.

hustedti| Krasske

placentula Ehr. }
placentula VBE;"EQQ’YﬂfS (Ehf;)é€1.§ii“"i‘;~"

placentula var. ]ineata (Ehr.) -Cl.

Cyclotella comta (Ehr.) Kutz.

C.

kutzingl/ana Thwaitesg
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C. meneghiniana Kutz.

C. stelligera Cleve & Grun.
Cymatopleura solea (Bréb.) W. Smith
C. solea var. regula (Ehr.) Grun.
Cymbella cistula (Hempr.) Grun.

C. cymbiformis (Kutz.) V.H.

C. cuspidata Kutz.

*

'C. ehrenbergl! Kitz.
~ C. heteropleura (Ehr.) Kutz.

.-microcephala Grun.

. minuta var. selesiaca (Bleish ex Rabh.) Reim. %

. navicul iformis Auerswald

. prostrata (Berkeley) Cl. o,

thumensis (Mayer) Hust.
turgida (Greg.) Cl.

. ventrcosa Kutz.

. Diatoma anceps (Ehr.) Grun.

D. elongatum Agardh.

Diploneis elliptica (Kﬁt§;) Cl..

D. oculata (Bréb.) Cl.

D. pseudoval Is Hust.

D. puella (Shum.) Cl.

Epithemia argus (Ehr.) Kitz.

E. sorex Kutz.

E. turgida var. gﬁanulata (Ehr.) Grun,

E. zebra (Ehr.) Kutz,

c

c

c

c

C. sinuata Greg. ! : i'-l,f .
¢ T

c

C

N
i
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. ééafa var. porncellus (Kutz.) Grun..

mom

Zebra var. saxonica (Kutz.) Grun.

Fragilaria aequalis Mayer

n

brevistriata Grun.

M ™

capuc ina Desm,
capucina var. acuta Grun.

capucina var. mesolepta (Rabh.) Grun.

M m

construens (Ehr.) Grun.

construens var. subsal ina Hust.
.+ construens var, venter (Ehr.) Grun.

crotonensis Kitton

:ﬂ ™™ ‘Tﬂ |

leptostauron (Ehr.) Hust.

leptostauron var. dubia (érﬁﬁ;) Hust.
pinnata Ehr.

pinﬁatg var. inteﬁs¢éﬂéﬁ5'(3§5§i)‘Hust‘

vaucheriae (Kutz.) Peters.

ﬁ%‘h“ﬂ M ™

viﬁescensiﬁalfs

Gomphonema acumfnatum Ehr. T
acuminatum var. brebissoni i (Kﬁté;) Cl.
acum i natum var. coronata (th;) W. Sm{th
acuminatum var. pusi?la éfun: i
angustatum (Kutz.) Rabh.

=élév,él Ffické

constrictum Ehr,

constrictum var. capitata (Ehr.) Cl.

brevistriata var. inflata (Pantocsek) Hust.
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graclle Ehr. _

intricatum Kutz.

longiceps var. subclavata Grun.
ol ivaceum (Lyng.) Kutz. é
. ol ivaceum var. calcarea Cl_§
parvulum Kutz.

sphaerophorum Ehr.

subclavatum (Grun.). Grun.

© 9000000

ventr icosum Gregq,
Gyﬁésfgms acuminatum Kutz.
G. attenuatum (Kutz.) Rabh.
G. strigille W. Smith
Melosira gﬁanuigta (Ehr.) Ralfs
M. granulata var. angust Issima Muller
M. teres Brun
Meridion circulare (Grev.) Ag..
'Navicula amphibola C1,
N. anglica Ralfs
cari Bhr. )
cincta (Eh') Ralfs
cryptocephala Kutz.
cryptocephala var. veneta (Kitz.) Grun.
cuspldata Kutz,.
dicephala (Ehr.) W. Smith
exlgua Greg. ex Grun. "

gothlandica Grun,

2z zzz2z22z22z22z2z

graciloides A. Mayer
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hungar ica Grun. ‘
hungarica var. capitata (Ehr_) Cl:(
hungarica var. linearis Oestrup.
Janceolata (Ag.) Kitz.
]aterostrata Hust.

oblonga Kutz.

pelliculosa (Bréb. ex Kutz.) Hilse
pe]faéﬁsis Ccl.

placentula var. rostrata A. Mayer
pseudoscut iformis Hust.

pupula Kutz.

pupula var. capitata Hust.

R

pupula var. ﬁéétgﬁguiaﬁfs-iéregi) Grun,
radiosa Kutz.

rhyncocephala Kutz.

cf. schadei Krasske

seminulum Grun.

subtilissima Cl.

|
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viridula Kutz.

N. vitabunda Hust.

N. vwipina Kutz.

ﬁeidium affine (Ehr.) Pfitz. -

N. dubfum (Ehr.) Cl.

N. iridis (Bhr.) Cl.

N. iridis vac. ampllata (Ehr.) Cl.
Nitzschia acicularis Q. Smith

N. acuta Hantz.




2z 22z 22T ZTZTZXTZTZTZXZ

sﬁphibia Grun,
dissipata (Kutz.) Grun.
filiformis (W, Smith) Hust.
fonticola Grun.
frustulum - (Kutz.) Grun.
gracilis Hantz.
hantzschiana Rabh.
kutzingiana Hilsé
microcephala Grun.

oval Is Arnott

palea (Kutz.) W. Smith
paleacea Grun. |

recta Hantz.

. romana Grun.

N. sublinearis Hust.

Opephora marty|{ Heérib,

"Pinnulacia boreal s Ehr.

P.

P.

p.
" p.

Rhoicosphenia curvata (Kﬁtza) Grun,

Rhopalodia gibba (Ehr.) O. Mull.

R.

interrupta W. Smith
‘malor (Kutz.) Rabh.
mesolepta (Ehr.) W. Smith

viridis (Nitz.) Ehr.

gibba var. ventricosa (Ehr.) Gruny ¥,

Stauroneis anceps Ehr.

S. anceps var. hyal ina Brun & Peragal..

S.

parvula Grun,
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S. phoenicenteron Ehr.

S. smlthii Grun.

Stephéﬁodiscus astraea (Ehr.) Grun--r»i | .

S. astraea var. minutula (Kutz.) Grun.

S. hantzschif Grun. _

Surirella biseriata Brab. - O
S. linearis W. Smith o
S. tenera Greg.

Synedra acus Kutz.

acus var. radians (Kitz.) Hust.

4capitata Ehr.

nana Meister

. parasitica w. Smith

. parasitica var. subconstricta Grun.

rumpens. Kutz.

(ngnmtn(.n(nm

. ulna (Nitz,) Ehr.
Tabel laria fenestrata (Lyngb.) Kutz.
T. flocculosa (Roth.) Kutz.

Of these, about be of the diatom fossils are of
LAchnanthes exigua, A. lanceolata var. rostrata, Amphora
ovalis va;. pedfculus, Asterlonella formosa, Cyclotella
comta, C. kutzingliana, Fragilaria brevistriata, F.
construens, F. construens var. binodis, F. construens var.
venter, F. crotonensis, F. plnnata, Rhopalodia gibba, R. .
glbba var; ventricosa, Stephanodiscus astraea var. minutula,
S. hantzschii, Synedra acus var. radians and Tabellaria

fenestrata. Their stratigraphic peicgntage profiles are
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gjven in FPigure 9, and their estimated concentration diagram
ﬁ;i Figure 10.

Fragilaria construens oscillates widely between less
than 10% to more than 25%, from 700 to 320cm. Between 320
and 120cm it femaiﬁs less variable within 15 to ESXJE}E
110cm this diatom has its lowest percentage (2.2%), |
increasing again towards the top of the core to percentages
of more than 20%. On the other hand, the concentration
profile shows three zones; the oldest one, beneath 430cm,
has the highest concentrations; the middle zone, betﬁeen 430
and 150cm, displays intermediate concentrations; and the
ugpér one, from 150cm to the top, bears the lowest
concentrations.

Fragilaria construens var. venter percentages have a
570cm (65.4%), 330cm (62.5%), 160cm (49.9%), and 10cm
(43.6%) respectively; and three-miniﬁg in between, with
values lower than 25% (as low as 16.2% at 500cm, and 9.7% at,
iiosm)_ However, tﬁe iQﬂGEﬁthEiénépécfile,iShQHS a |
threefold pattern; a basal zone with concentrations
averaging mgr§ than 100 x 10’ frustules per cm?, below the
430cm level: a middle zone with values oscillating around.
100 x 10* frustules/cm®, from 430 to 280cm; and an upper
one, from 280cw up, in which the :éneentratiaﬂ trends from .
100 to 1O!xV10‘ frustules/cm?.

Fragilaria céhstruens var. binodis has a clear bulge at

the basal portion (below 600em), and remains with
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percentages averaging less than 1% aftervards. A similar

pattern is obs

rved in the concentration spectrum,
Fragilaria pinhata has no marked trends iﬁ its
_stratigraphic profile, although a bulge with some
percentage;{abave 10% is apparent between 220 and 170cm, as
vell as two minima at 450-410cm and at 110cm. However, a
threefold pattern is clear in the concentration diagram;
from 430cm dowh the core the concentrations are higher; from

430 to 160cm they arel intermediate; and in the top 160cm

they are lower. !
Fragilaﬁfa brevistriata presents two peaks where .

percentages are larger than,1bx, at 51@ and 250cm.. After thé
!l;tter thé peféenéaggs,decrease again to less than 5%, buék
. seem to have a more continuous distribution. This péttern is
also observed in the concentration profile, where a more
continuous distribution at the basal area is also evident,

Amphora GVaI}S var. pediculus has- two portions afé;ts
prcfilé where the distribution is more continuous and
prominent; a basal zone between 700 and 570cm, and another
one between 420 and 120c¢m (where tvo peaks of more ‘than 5%
a;eur}g After that, it becomes éiscanéinuaus; and finally
disappears En the tséliﬂemi The same pattern holds in Ehg
Ecancentfaéién diagram.

Aﬁhnéhthés Iaﬁéséléfaivér; rostrata has a continuous
distribution only bczicaﬂ 410 and 156§m? agdiit is ﬁgt found

after that.



Acﬁnaﬁfhés éxigua‘has a similar distribution as
Achnanthes lanceolata var. FQSfFafa, vith a significant and
ccntlnuaus zone festflctééﬁtg the interval between 390 and
140cm, although this éiatcm has sporadic occurrences already
bélgw SSQEE; After the 140cm level it is present only at the
90 and 60cm levels, with less than 1%,

thpalgﬂla.gibba (including the varieties glbﬂa and
entﬁicesa) is almost always presengﬁ;n the fossil rgcefdl
but it.-seems to have been élightl} mé:e ffeguent below the
420cm level, and in the last 40cm. The canEentrgtiaﬁ.Qféfile
confirms its h1gher absalute values’ gslaw 420cm.

Taaeilaria Fenestrata occurs dlscantznueusly from the
base to 480cm; and from there upvards it has a constant
representation, bicaming more %éomiﬁent in the last 140cm of
the core., If ccncentrat;sn peaks are considered, a threefold

k'pattefn is evident, with h;gher peaks below 420cm and above

130cm. o

= ~
Fragilaria crotonensi/s displays a heterogeneousdy

serrated profile. With the exception éf;a peék at 270cm,

higher proportions tend to occur below 420cm and above

 12Dci, a pattéern rep;eéuegd in the concentration diagram.,
Synedﬁé acus var.-haalgns has a continuous and more:

‘ sigﬁificant representatiéh below the 420cm level, ‘ané again‘:

fbctucsn 310 and 250cwm, disappearing in the last lDem of the '

core, In the cane-nt:atien spectrum, the above mentioned |

basal zone is very clear, but the middle bulge is not.
B - . i ' . ”;#



Aster ionel la formosa shows a continuous and significant
representation below 430cm. It is weakly represented betveen
430 and 120cm, with tge exception of a moderate peak at
zac:ﬁ, Between 120 and 40cm (where it dMappears) it has
three pronounced peaks. This pattern is similarly seen in
the concentration diagram.

Stephanod iscus astraea var. minutula is represented
exclusively in the basal pcftiﬁﬂ.éﬁ the core, particularly
beldw 430cm.

ﬁtépﬁaﬁcdiséus hantzschii has an ampler distribution in
the core than the previous taxon; ha&g&er; likewise it is
clearly dominant in the oldest part, below 420cm. It is not
represented in the last 40cm. =~ 1! ; _ ;f

Cyclqtella kufziﬁgigﬁgihgs in general lines a
stratigraphic distribution similar to those of t?é:p;eviausf
two taxa. | o

Cyé?éteiia comta shows a clear dominance in the upper
half of the core, above the 420cm level, occurring only in
four instances below this level, with very low percentages
and concentrations, Within the upper 420cm, this diataﬁ
increases ﬁé more than 10% between 420-370cm, decreases to
avéréggs below 101'bg§ween 370 and 130cm, bulgeﬁ again
between 130 and 50cm, trending to éiminish afterwards (a

“pattern'glsafvisible in the eanggﬁt:a:iaﬁ diagram).
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3.1.7 Chlorophyta

3.1.7.1 Desmidiaceae

| These algae. occur discontinuously throughout the core,
but are definitely common in the basal portion below 430cm
(Figure .11). The genera better represented are Gﬁéﬁﬂﬂlujjv

and Euvastrum.

3.1.7.2 Pediastrum .
This microalga is observed anlyiin three samples
(PFigure 11). It is common in the 650cm level, and rare: in

the 600 and 320cm 1gvg;s_

~3.1.7.3 Staurastrum

This genus has a descontinuous stratigraphic.
di#tribution (Figure 11), and it is generally rare; however,
in the 630 and 600cm levels it is respectively abundant and

commQn.,

3..1.7.4 Tetraedron
This microfossil occurs abundantly in the basal pertion
of the core beldw 410cm (Figure 11);: and discontinuously

above it, being common only at the 240 and 105-110cm levels.

.3.1.7.5 lygnemataceae
"Rare spores of these algae are only ;ﬁa:;éi:;llgﬁgaunﬂ” ;
at 540, 430, and 105¢m (Figure 11).
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'ji3.1L8 Chrysophyta |

' The cysts of these algae have a continuous presence
throughout the core, but are conspicyously more abundant in
the basal portion below 4§0cm (Figure 11), excepting an
isolated peak at 110cm. An excéptionally high concentration
occurs at the 550cm level. The cysts are generally very
similar throughout, spherical, with a pofe, and no .

ornamentation (cf. D/nobryon).

'3;1.9‘C1150cera ) ,

Thé record of these crustaceans shows an abundance ot—///’-*
remains below 440cm level (Figure 11). Above it they ténd to R
be rare (common only at 400, 320, 290, 170, 130, 110, and
105¢m). The bulk of the Cladocera are of the genera Bosmina

-"and Daphnia, although a precise identification remaihs to be

done.

©3.1.10 Incertae sedis
A variety of unknown microfossils are preserved
f throughout the core(Figure 1), many éf them similar to
remains illustrated by Van Geel (1978), but their

significance is difficult to assess at present time.



3.2 Core 2

3.2.1 Core segments

Five drives vere accomplishea with the pistén corer.
The length of the respective core segments is given in
Figure 12. The sediment is more compressible than that of
Core 1 and, excepting for the third drive, the segments were
shorter than Im after extrusion. The last segment probably
does not represent the base of the lake sediment, but it was
not possible to penetfate fgrtber down with the piston Eéfer

manually operated. The upper 5cm were very fluid.

¥ ]
) . S .

3.2.2 Stratigraphy i
3.2.2.1 Sediment type- _

A schematic column of sediment types, including
structures, is presented'in Fiqure 12, As a whole, the_izgem
of sediment recovered in Core 2 are predominantly fibrous
organic mud. Plant -macroremains are abundant in the basal
portion beneath 34S5cm. Mollusc shells are visiblg near the
base, particularly at.the 420-410c; level. Volcanic ash
pockets occur between 290 and 280cm. Wood pieces occur just
above 150cm and below 100cm. A sandy zone extends from 265
to 215cm, and coarser sand and gravel are visible in the top
75cm. Although no marl is clearly observed, the sediment ;

effervesces with cold 10% HCl below 375cm. The sedinment has

- a sulfurous putrid odor throughout.
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'3.2.2.2 Sand/gravel stereomicroscopy
In this core the coarser fractions are generally
composed of single-grained particles (mainly quartz).
Cieaﬂei sand occurs at 420-410, 250-200, 160-140, and 5cm.
Volcanic ash shards are common below 280cm, but alsé
occur between 110 and 90cm. The richest level was found
between 290 and 280cm.
Sand size particles of coal ;;:u: throughout the core.
Chafé@al ffagments are common in the levels above ‘
280cm, with a méximum between 220 and ziQ:mi
. . Molluscs occur below {hé 31DEm levél They are
generally bivalves of the gtnus Pisidium, but planorbids
alscgoccur betveen 350 and 340cm,
Remalgg of bgetlgs are appargntly more. abundant in the}
upper 150cm. ;
éhitin cuticules occur throughout, more prominently
betvgén"ZQé and 110cm.
Piumaféiia statoblasts apparently occur thfaughéut the
. core, but are more frequent beiGQ'ZBQcm and above 179;3;

%

Daﬂﬁﬁfélhiphippia have the same stratigraphic
f __ B4
Potamogeton seeds are present below 230cm, and those of
Ranunculus below 290cm. i
PL;nt,éetsituﬁ is generally abundant. Mosses are
present only abcvé 40cm. Leaf cuticles are common between
350 and 110cm. Conifer needles are better represented belcv"

~ 280cm.



One occurrence of ostracods is registered at thé 115¢cm
level, |

Small fish bones occur He low BQOEm.

sand-sized diatoms of the genera Stauronels,
Pinnularia, Surirella, Melosira, Synedra, Campylodiscus,
Cymatopleura, and, Gyrosigma are common throughout the core.

Characeae aaéania occur between 170 and 100cm,

Testaceous Rhizopoda are present in all samples, being
abundant below 380cm, at 150cm, and between 80-70cm. The
genera represented are Difflugia and Centropyxis. The former
is generally more abundant, but below 390cm and at 150cm the
" the latter is also conspicuous.
| Sand-sized gygsﬁm crystals and drusy aggregates occur

below the 350cm level.

3.2.2.3 Wet color -
-Figure_12 displays the'étratigraphis changes in the
predominantrMunsell color of wet‘ané relatively unoxidized
sediment. The predominant colors are from very é;rkigfey or
black to very dark greyish brown, with the exception of a
Séﬂé from 140 to 95¢cm, vhieh is dark olfve brown. The lower,

transition of this zone is mottled.

The stratigraphic profile of wet égnsity‘CF{gu:g 12)
delineates two bulge:_ﬁiﬁh values generally above 1.5g/cm’,
between 190 and 140cm, and 75-15cm. The rest of the core

samples generally oscillate around 1.5g/cm’. \



=

3.2.2.5 Granulometry
] = . .
.As summarized in Figure 12, from the bottom to about

.From 290cm to 180cm it is more sandy and gravely. Betweén

180 and 30cm the sediment is even finer than at the bottom,

to become coarser again in the upper 30cwm.

3.2.2.6 pH : .
The basal part below 240cm yielded sediment pH values

generally higher than 5, excepting a portion with pH <4

between 390 and 350cm (Figure 12). The samples above 240cm

gen'erally have the pH between 4 and S.

3.2.2.7 Water content

‘The profile in Fiqure 12 shows that below 280cm the

‘interstitial water averages 60%. In the sandy zone between

280 and 220cm it falls to less than 60X; and from there to
the top water content is generally between 60 and 70X%.

3.2,2.8 Organic matter

| The O.M. percentage spestrum (Figure 1?) delineates a
basal Séﬂéh‘bélﬁﬁ 280cm, where the values generally exceed
75%; Eucéeéd by a zone of values lower than 25%, between 280
ahé 70cm; ;ﬁd another one in the uppe£ 70cm where ualﬁgs
againi,exceed 25%. The intermediate zone di;pl:gs wide
éécillaticns between 180 ;né 15@§m2 with twvo i%éghtgtians of

1ess‘t£aﬂ 7% and 12% respectively, -and a peak of about 32%

., in between.

i



74

3.2.2.9 Carbonate

The CO, "~ concentrations, shown in Figure 12, have a
zone of values generally higher than 3% below the 280cm
level. From 280 to 200cm the carbonate content falls to a
minimum of less than 2%. From 200cm to the top the values
are generally lower than 2.5% (two peaks of more than 3%

L 4
occur at 195 and 175cm).

3.2.2.10 Pyrite spherules
The number of pyrite spherules per field is much higher :
'below the 310cm level, ranging from 15-52 spherules/field
(Figure 12). The rest of the core has generally less than 3
spherules/field, with the lowest contents between 280-210cm

and in the upper 100cm.

3.2.2.11 Radiocarbon dates

| Six '‘C dates were obtained on a sequence of core
segments, through the Geological Survey of Canada
Radiocarbon Laboratory. All samples were pretreated with.

HCl. The results are given in Table 8.

3.2.3 Biogeochemistry

3.2.3.1 Carbon
The C concentrations presented ia Figure 13 , being
obtained as a constant function of the organic matter

content, have a profile identical to the latter.



Table 8 -

>" ;‘ ot

Core 2 radiocarbon dates

Depth_(cm)

Date

BP t 1lo

°/00 §13C  Coxx. date EP

0-10

71-76.5

159.5-164.5

270-275

338-342.5

425-429

GSC=3090
GSC-3001
GSC-3073
GSC-3029

GSC-299

5290

L3

5200

I+

8400

3

9470 =

97130

I+

11,000

13

60
90

100

-24.9
-24.8
=-25.3
=-27.4

=25.5

5200
8400
9460

9690

(83

*

*

*

190

100
90
130

11,000 + 120

xSy 1w 4o

-
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3.2.3.2 Fitrvgen

The N?;esults. éummafxzed in Fxgure 13, show a a trend
similar to that of C below the 200cm level' that is, a zone
of higher values (betHEEﬁ 7.5 and 10. a mg N/g dry wt.)

beneath 280cm, Eallawed by a minimum with less than 7.5 mg/g

‘dry wt. (280-210cm). From 210.to the top values average

again between 7.5 and 10.0 mg/g dry wt. Iij‘ the upper 130cm

i;iseémg that thg trend has been opposite to that éf C, with

values falling from around 10.0 mg/g dry wt. tgwgrds 7.5 mg
, _ ' .

N/g dry wt.

3.2.3.3 C:N ratio

The C:N ratio profile bylges at the basal portion below

" 210em (Figur§113), to viiugghéf more than 15; then it

oscillates widely betuee;‘21%3£nd 156§m (from less than 5 to
more than 25); and finally™rends from 10 to around 20 in
the upper 156:;,af‘thg::are,

N
3.2.3.4 Total phosphorus

core (Figure T353‘Cénéentfa;ians generally oscillate between
1 and 2 mg P/g ér,vt. There is a wider zone of values lowver
than 1 mg/g dry wt. between 220 and 170cm. Only twd peaks

exceed 2 mg/g dry wt. (415 and 235cm).

3.2.3.5 Sul!ﬁf

"The S° stratxgraphm *fum, depicted in Figure 13,
; . : ‘"
shavl three different zones. The bottom one, from 280cm )
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down, has high values of sulfur, ginerally more than 40-60
'mg S/g dry wt. In the next zone, from 280cm to 170cm, the
_Qalues start from a drop to 20 mg/g dry wt. and trend \
towards more than 40 mg/g dry wt. The upper zone starts with
a peék cf more than éG mg/g dry wt., oscillates back to 30
mg/g dry wt., and peaks again with ;bﬁut a 100 mg/qg dry wt.
at 140cm, to trend from there to the top to .about 30 mg S/g

dry wt.

-

3.2.3.6 a-Pigments - -
' The three-zone pattern of the previous indicator is
dfso élear in the a-pigment stratigraphy (Figqure 13), A
buige at the basal portion with about 2 or more pigment
onits/g dry wt., followed by a drop to less than 1 unit and
‘» trend'to'ﬁecupefate values of 2 units, to an upper zone
that starts by wide oscillations to more thanri units and

“+ . . _ .
trends back to around 1-2 units towards the top.

[ ]
3.2.3.7 Carotenoids
The carotenoid profile is almost analogous to that of

the a-pigments (Figure 13).

3.2.3.8 a-Pigiiﬂt:=Caf9tinaids ratio

A twofold stratigraphy can be described for this ratio,
depicted in Figure 13;§Bel@v the 200cm levgl, values
oscillate betveen'D.iﬂ'ind 0.15; while, above that level

values are as a rule grater than 0.15,

i
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3.2.4 Metals
3.2.4.1 Sodium
Sodium has a fourfold stratigraphic distribution
(Figure 14). The first zone, below 290cm, has values around

5-6 mg/g dry wt. The next one, from 290 to 140cm, bulgés
above these values, to a maximum of 17 mg/q dry wvt. Between
140 and SOcﬁ, again average 5-6 mg/g dry wt.; and in the top
60cm another bulge peaking at about 9 mg/g d}y wt. is

v,isibleg

3.2.4.2 Potassium

The stratigraphic profile of K has a twofold pattern
(Figure 14); with values generally around 11 mg/g dry wt. in
" the basal pertié% (below 290em); and a wide bulge in the
upégr 290cm, which peaks between 170 and 130cm (16-18 mg/g

dry wt.), returning gfaéuaily to the 10-11 mg/g dry wt. at

the J.L;

3.2.4.3 Calcium
- The general trend of Ca is to decrease from the base of
the core upvards (Figure 14). Peaks of more than 6 mg/q dry

L

wt. occur only below 240cm. .

3,2}454 Magnesium i

Magnegium does not display major strdtigraphic changes
(Pigure 14). Belov 290cm the values are more stable argund
2.5 mg/g dry wt. Between 290 and 170cm valuesbgre more

variable; and above 170cm the concentrations stabilize at
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slightly higher values (more than $ mg/qg dry wt.).

3.2.4.5 Aluminum

Aluminum has a trend comparable of that of Mg (Figure
14). Below 17Gcm;ivalues tend to fall between 50 and 55 mg/gq
dry ﬁti In the upper 170cm, this mgtgl has concentrations

somewhat higher (generally above 55 mg Al/g dry wt.).
1

3.2.4.6 Zinc

Below 80cm the Zn profile has generally values between
0.10 and 0.15 mg/g dry wt., interrupted by three mi:keé |
peaks 5etﬁeen 250 and 170cm (Figure 14). In the upper 80cm
Zn concentrations are generally higher téén 0.15 mg/g éry'

Ht!

3.2.4.7 Copper

Copper concentrations are generally around 0.03 mg/g
dry wt. thfaugh;ut the core (?igure_14)g with the ::cﬁﬁtiénf
of a middle-section zone ccincidental gith that of 2%;
between 250 and 170cm, where tﬁreg peaks exceed 0.07 mg/g
dry wt.

3.2.4.8 Iron
As shown in Figure 14, Fe .c‘ncentratians fall betweer{a
20 and 30 mg/g dry wt, belevaBD;m; From 330 to EBOEmKtQ;Y\
stabilize around 20 mg/g dry wt. From 280 to 210cm the .
lowest values of the Fe pgcfile are attained (10-20 mé/é drf‘
wt.). An area of higher variability, and peaks up teVBO ﬁg/g

dry wt., exterds from 210 to 110ecm; followed by an upper



/

L &
zone of stable values around 20 mg/g dry wt.
V- | ‘

3.2.4.9 Manganese

fThe Hﬁiépect:dm éﬁcﬁn W Figure 14, can be described
summari;y in gﬁféﬁ zones. From the bottom to '210cm, values
oscillate between 0.20 and 0.30 mg/g dry wt.; then oscillate
viﬂ§1y=vi£h tvo peaks of méré than 0.30 mg/g dry wt.,
bEtﬁEEﬂi21D and 11Dcm:§£ing11y assuming values higher than
0.30 mg/g dry wt. in tfe last 110cm.

2

3.2.4.10 Fe:Wn ratio
The Fe:Mn ratio follows ;ery closely the iron profile
(Figure 14). It displays a basal maximum éelév 330cm, with
vglués betuéen 250 and 300. From 330cm upwards, a gradual
tfend from values around 200 to values between 100-150, is

iﬁtgrfupteé‘by two peaks of more than 250, between 170 and -

130¢m..

N

3.2.5 Pollen and spores S
The following 39 palynomorph taxa were identified in
Core 2: i o | . . ‘
Abfes :

Alnus

Anemone canadensis
* Arceuthob fum amer | canum
Artemlisia

Betula
Bothrych.ium

-
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1

Fl

pryophyta

Carygbhyllaéeae
ChenopodiaceaefAmarantha;gae
Coméositae iTubuliflafse)
Cyperaceaei |
Ephedraceae

Ericaceae

Erjogonum

Pragaria vesca

. lsoetaceae

Jun i perus
Lar i x/Pseudot suga

Lycaopodiaceae ~

7

.Monolete spores

Myricaceae/Corylaceae
Myriophy!lum

Onagraceae ’

Picea

Pinus (diploxylon)
Poaceae (=Gramineae)
Polypodiaéeae

Populus - \
Potamogeton
Ranunculus
Saf}x o

Sphagnaceae

Thal ictrum fﬁf_ﬁ?
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N R . )
Trigiochtn
Trilete spores i
Tsuga heterophylla S .
Tsuga mertensiana | ‘
’

B4

As in the first core, only Pinus, Picea, Abies, Alnus,

Betula, and Cyperaceae péllen exceed 2% among the
terresgrials, vhile only Myriophyllum is represented with
more than 2% among the aquatics. Th;if stratigraphic
profiles are summarized in Figure 15 .

The arboreal pollen (AP) is élsé QEﬁergily more than’
90-95% throughout this core; however, thern@n*afb@:egl
pollen (NAP) is slightly more pronounced below 260cm. This
high of NAP is more clearly seen in Figure 16 , below the
270cm levél. The AP is definitely dominat&d by pin§
(59&8%}), and spruce (10-20%).. In the basal portion alder
also important,. kx

Below 140cm pine oscillates be%ueen §0fand 80%, with
the exception of three levels (29D*3203m)?§%et§ it falls
between 50 and Eﬂi. In the upper 140cm pi%g,‘véfages-mcrg
than 80%. , Mo

The spruce pollen pgrcéntage‘pfafile diéplays two

zones. Below 1ioém the values oscillate between 10 and 20%

_whereas above. 140cm, level percentages oscillate around 10%

is

L

Fir does not change significantly, although percentages

higher than 3% are more common in the upper half of the

core. The concentration diagram also suggests this tendenhcy
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§o higher Abjes in the upper half.
.Alder is proportionally and abiolutely more abundant . .

- the b&ssl 290cm. A marked peak of Alnus occurs at the 295cm
' ’ -

; ; . R
Betula pollen is slightly higher in the levels below

level. '
310cm, and above 80cm (peaking at 50cm). A

Sedges seem to be more continuously distributed and
slightly better represented between 310 and 240cm.

In this corle Myricaceae/Corylaceae are presemt only
between 400 and 390cm. . |

The only .prominent agquatic pollen,"yr'lophyllum, is
almost absent in the interval between 270 and 170cm; and is

» defjniﬁely more abundant in the oldest portion of the core,
below 280cm. A marked peak occurs at\365cm.

A generalization of the concentration‘pollen diagram .
profiles indicates a trend towards higher ébncentrations
from the bottom to 320-310cm; followed by.-a drop to a
minimum around 270-260cm; succeeded by a gradual trend to a
,maximum bulge betftin 140 and 60cm; and a final aecrease to
the present. The uppermost 5cm were not analyzed for pollen
and, therefore, it is not known if the increase observed.in
Core 1 is repeated here. |

. The average of taxa per level is 14, with a range of
10-18; and the petcen;ﬂge of indeterminable palynomorphs
averaged 1.7%., Pre-Quaternary palynomorphs are never present

in the samples.



3.2.6.Diatoms

A total of 162 diatom taxa were identified to the level

of variety in Core 2, consisting of (varietal .names are

-gomitted when identical to the specific names):

Achnanthes cleve| Grun,

A. clevei var. rostrata Hust.

A; conspicua A. Mayer

A. exigua Grun,

A. hauckiana Grun. N

A. lanceolata (Bréb.) Grun.

A. lanceolata var. ellligtica Cl.

A. lanceolata var. rostrata Hust.
Aixméﬁgiﬁatuié Grun. |

A. minutissima Kitz.

A. peragalll var. fossilis Temp. & Perag

Amphipleura pellucida Kutz. !
Amph iprora Qﬁnéta §ailey

Amphora oval Is Kitz.

A. ovalis var. lybica (Ehr.) Cl.

A. ovalls var. pediculus Kutz.

A. veneta Kutz. ;

AétEPienélla formosa Hass.
:Calaneis bacillum (Grun.) Mereschk.

C. shumanniana var. biconstricta Grun.
C. silicula alpina cl. R
C. sllicula var. truncatula Grun.

C. Véﬁtﬁlsasg'varg minuta (Grun) Patr.

e e il



D. psewdoval Is Hust,
Epithemia sorex Kutz.

E. turgida (Ehr.) Kutz.

Ceratonefs aﬁcﬁ% Kute. ﬁ i R |
;Qciﬁéneis diminuta Pant. ) ]
C. disculus Schum.
C. paleentula Ehr. v
C. piasentulg var. euglypta (Ehr.) éi- )
Cyclotella comta (Ehr.) Kutz. | |
C. kutzingiana Thwaétes o .
C. menegﬁlniana Kuts. i
" Cymatopleura solea (Ereb ) W. Smith
C. solea var. regula (Bhr.) Grun, v
Cymbel la Eistufa (Hempr.) Grun. ~
C. cuspidata Kutz. ‘
C. ehrenbergii Kutz. . . T
C. heteropleura (Bhr.) Kitz. <
C;gmlcﬁéééphala Grun, 7 o
C; muelleri Hust. ;
C. navicul iforgls Augfvalél ’ -
c.'pﬁﬁstrata (Berkeley) Cl.
C. sinuata Greg. v
C. thumensis (Mayer) Hust. l
C. turgida (Greg.) Cl.
C. ventricosa Kutz.
- Diatoma elongatum Agardh. v
'Dipianéis oculata (Breb,) Cl.
. . . et e b et o e s
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E. turgida var. granulata (Ehr.) Grun.
. zebra (Ehr.) Rutz.

ragilaria brevistriata Grun.

#

. capucina var. mesolepta Rabh.) Grun. .

F

F. capucina (Ehr.) Grun.
F

F

construens (Ehr.) Grun.

construens var. binodis (Ehr.) Grun.

“-’n ]

construwens var. subsalina Huséi

construens var. venter (Ehr.) Grun. ! ,

™ Tm

. crotonensis Kitton -

leptostauron var. dutia (Grun.) Hust.

nm

pinnata Ehr.

pinnata var. finterscedens (Grun.) Hust,

™™

vaucheriae (Kutg.) Peters.
h:

virescens Ralfs,

n

acuminatum var. ‘brebissonii (Kitz.) Cl.
acum inatum var; coronata (Ehr.) W. Smith
. acuminatum var. pusilla Gfung

aﬁgustatum (Kutz.) Rabh.

constrictum Ehr.

© 90000

. constrictum var. capitata (Ehr.) Cl.

o

gracile Ehr. 7

intricatum Kitz.

longiceps var. subclavata Grun. . N

o oo

. olivaceum (Lyngb.) Kutz.
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. parvulum Kutg.

. ol ivaceum var. calcarea C1,.

. subclavatum (Grun.) Grun,

. ventricosum Greg.

Gyrosigma acuminatum Ehe. = ¢

6.

H!

attenuatum (Kutz.) Rabh.

strigille W. Smith

“Melosira granulata (Ehr.) Ralfs

teres Brun

. Meridion circulare Agardh.

Nav icula amphibola c1.

Tz zxTxTZzTZzTZT2Z2TZT2ZTZTZTZTZTZT2Z

. carl Ehr.

anglica Ralfs.

cryptocephala Kutz.

cryptocephala var. veneta (Kutz.) Grun.

cuspidata Kutz,

dicephala (Ehr.) W. Smith

exigua Greg. ex Grué. \
gothland.ica Grun. |
graciloides A. Mayer

hungar lca Grun.

hungar ica var. capitata (Ehr.) Cl,

.~hungarica var. linearis Oestrup.

lanceolata (Ag.) Kutz,
minima érun.. |
oblonga Kutz.
peltoensis Cl,



Tz zxzz 22222222

placentula var. rostrata A. Mayetr ‘
pseudoscut Iformis Hust.

pupula Katzir ) }f
pupufa var. capitata Hust. =,

pupula var. rectangularis (Greg.) Grurx

radiesa Kutz,

rhyncocephala Kutz.

cf. schadei Krasske

seminulum Grun,

subtilissima Cl. - e
virldula Ritz.

vulpina Katz}

Neidilum aff ine (Ehr,) Pfitz,

N.
N.
N.

‘dwbium (Ehr.) Cl.

Iridis (Bhr,) Cl.

inidis var. amplia (Ehr.) C1,.

Nitzschla acicularis W, Smith

N

zzzzxz2zzzx

. amphibia Grun.,

. dissipata Grun,

fonticola Grun,

. fFrustulum (Kﬁtz-)rﬁfun.

kutzinglana Hilse

mlcrocephala Grun.

.-oval ls Arnott.

palea (Kutz.) W. Smith
paleacea Grun,

recta Hantz.

92
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N. romana Grun: v
Opephora marty i Héf%bg
Pinnwlaria boreal is Ehr.

P. glbba!Ehr,

interrupta W. Smith

. maior (Kutz.) Cl.

mesolepta (Ehr.) W. Smith

v v v v

. viridis (Nitz.) Ehr.

Rhopalodia gibba (Ehr.) O. Mull,

R. gibba var. ventricosa (Ehr.) Grun.

S. anceps var. hyal ina Brun & Peragallo

S. parvula Grun.

S. phoenicenteron Ehr, ..

S. smithil Grun..

Stephanodiscus astraea var. minutula {Rutz.) Grun.
S. hantzschil Grun.

Surire]la biserifata Breb.

S. linearis W. Smith

S. hobusta Ehr.

Synedra acus Kutz.

. acus var. radlans (Kutz.) Hust, - .
. capitata Ehr. N . |
nana ﬁei:tQ?gg,fffﬁFﬁ#;i

parasitica W. Smith

parasitica var. subconstricta Grun.

»w uL u u nu v

rumpens Xutz.



/ ] .
S. rumpens var. fragilarioides Grun. ..

S. ulna (Nitz.) Ehr, ' .
Tabellaria fenes}rata (Lyngb.) Kutz.
T. flocculosa (Roth.) Kitz. |

Qf these, as in the firgt core,.about 90% of the fossil
diatoms are of Achnanthes exigua, 4. lanceolata varsy
rostrata, ‘Amphora oval is var. pediculus, Astenfonellé
‘formosa, Cyclotella comta, C. kutzingiana, Fragilaria
constﬁuené,/F. construens var. binodis, F. construens var.
venter, F.bénotonensis, F. pinnata, Rhopalodia gibba.‘R.
gibba var. ventricosa, Stephanodiscus astraea var. minutula,
S; hantzschii, Synedra acus var. radjans, and Tabellaria
fenestrata. Their stratigraphic percentage profiles are
given in Figure 17 , and thei} estimated concentration
diagram in Figure 18.

Fragilaria construens goes from about 10% at the bottom
lgvelL to percentages of 20-30% between 370 ahd 286cm. chm
280cm upwards it oscillates generaliy betﬁéen 10 and 20%.
Thétconcentratién profile, however, shows four alternating
zZones, starting with higher concentrations in the basal
portion below 280cm, followed by a low (280-190cm), another
high (190-60cm, except 150cm), and a more recent low in the
last 60cm.

Fragilaria construens var., venter percentages delineate
va‘serrated profile of H{gﬁrpercentages throughout the core
(only three levels had leys than 40%), but only in thy

bottom 30cm percentages surpass 70% (concenﬁrations are the
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highest too), In the upper 60cm percentaggs asclllate aréﬁ%d
40-45%. A fcurfcld zonation analogous to that of F.
construens is also noticed in the concentration diagram.

Fragllaria construens var. binodis displays higher
percentages and concentrations in the basal half. .

Fragilaria pinnata pe;cgn:gge; oscillate almost .
éymmetfi:ally between 5 and 15% throughout the core.
Hawgvgfi zhe;can&gntraticn profile can be better described
as an alternation of four zonés in the same fasﬁéén of F.
construens, and F. construens var. venter, starting by 3
basal high, a depression, another high, and a final mgfei
recent 1épg '

Fragilaria brevistriata has a more continuous
distribution, and a higher percentage average in the upper
half of the core. In the cen:eﬁtfgtibn-érafiie this is also

evident, but here this diatom has some significantly high

values also in the basal portion below 340cm. (
| 2 !
Amphora ovalis var. pediculus has a continuous’ [\

$

distribution and its maximum pfgggrtigns and ccnsentratiansw
in the mid section (280-190cm). It éi%gppeg:s from the
record in the upper 90cm. ‘
Achnanthes lanceolata var. rostrata starts its record
at the 280-270cm level, and has its optimum in the mid
section (270-170cm). ‘ -
Achnanthes exigua has significant appearances at
400-350cm, 250azoo:mf and 90-70cm, with its maximum

proportions in the mid section.

\

S
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Rhopalodia gibba (including the varieties gibba and
ventricosa, is almost always part of the fossil record, with
proportions slightly enhanced in the qeper 70cm.

Tabellaria fenestrata trends tovards better
representation in the upper portion of the core, the
concentration optimum occurring between 130 and 40cm.

Fragilarfa crotonensis has a discontinuous record,
particularly at the base, and seems to have been better
represented in the upper mid-section (220-120cm). |

Synedra acus var. radjans is more abundant in the upper
170cm; which is bett?r seen in the concentration diagram,

Asterionella formosa is more continuously distributed
in the upper half of the core, accompanied by higher
concentrations above the 220cm level. |

Stephanod i scus astraea var. mrnutula is weakly and
s~ exclusively represented-below the volcanic ash level

oy

" (290-280cm).

~ .

.

Stephanod i scus héntzschli appears continuouély only in 
the basal and upper portions of the core, being
significantly more abundant in the\%ormer (below 290-280cm).

Cyclotella kutzinglana , as the previous taxa, has a
preferential éistribution in the basal part below the tephra
lével (290-280cm) .

Cyclotella comta occurs exclusxvely above the maln
volcanxc ash level (290 280), and shows a clear opt1mum

between 190 and 60cm.

A

&

<y
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3.2.7 Chlorophyta

3.2.7.1 Desmidiaceae

These algae occur continuously only in the basal
portion of the core below 320cm, being common at 405, 345i
and 325cm (Figure 19) . They are absent from the mid
9ec£iop. The better represented genera are stmaﬁium, and

Euvastrum.

3.2.7.2 Pediastrum
This microalga is present only in seven samples where

it is rare (Figure 19).

3.2.7.3 Staurastrum
This genus has a very discontinuous distribution in

Core 2, being rare throughout ((Figure 19).

3.2.7.4 Tetraedron
This microfossil occurs abundantly in the basal portion
of the core below 310cm (Fiqure 19); and has only three rare

appearances above the tephra horizon (290-280cm).

3.2.7.5 Zygnemataceae
" Rare spores of these algae are present only at the 335

and 185cm levels (Figure 19).

\\
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3.2.8 Chrysophyta
The cysts of these algae have a continuous presence
throughout the core, but are m@ré abundant below 280cm, and
particularly between 140 and 40cm (Figure 19). The cysts are
generally similar to those described for Core 1, that is,
spherical, with a simple pore and no ornamentation (cf.
DInobryon) . | |
. i
3.2.9 Cladocera
The record of these crustaceans (Figure 19) shows a
CQﬁtinuéus distribution only in the bas;l!particn (beléi‘
280cm). In this zone there are two instances when they were
common (355 and 285cm). Above the tephra horizon (290-280cm)
they are rare, and appear only in seven samples. The
_“majority of the Cladocera are of the genera Bosmina and

Daphnia.”

*

3.2.10 Incertae sedis
Likesze in Core 1, although rarer, a variety of

unknown microfossils are preserved throughout the core

(Figure 19), many of them similar to-remains illustrated by

Van Geel (1978); however, its significance is'indegefminable |

at*present time.
®

#



3.3 Surface samples . q

3.3.1 Geochemistry

102

The elemental analyses produced the data érese%ted in

lTabl\e 9,

3.3.2 Pollen and spores
A summary of pollen and spores surface :éunziﬁgs is

given in Table 10.

N
—

3.3.3 Diat:ig
More an 40 diatom taxa were identified in a surficial

k<]

‘bottom sample taken under 4m of water; however, ‘about 90% ot

the specimens corrgspendgd to:
Aéhnanthes lanceoigta var. elliptica cl. (0.8%)
Amphora- ovalis var. pediculus Kutz. (1.4%)
Cyclotella comta (Ehr.) Kutz. (2.5%)
Diploneis puella (Shum.) Cl. (2.9%)
Fragilaria brevistriata Grun. (10.8%)

7 (33.2%)

construens (Ehr.) Grun.
construens var. bifodT% (Bhr.) Grun. (0.6%)
crotonensis Kitton (0.6%)

leptostauron (Ehr.) Hust., (0.6%)

M M M. M M T

pinnata Ehr. (4.8%)
Gyrosigma acuminatum Kutz, (2.2%)
Navicula cryptocephala Kutz. (0.8%)

construens var. venter (Ehr.) Grun. (27.1%) -

PO ——



Table 9 - Watershed gesochamistry

103

(mg/g dry wt.)

Elmct N slope shle N slope sotl

S slope sandetone S slope till

P .81
5 6.62
wa 4.60
x 24.60
Ca 0.10
Mg . 6.40
Al 66.90
In 0.14
cu 0.06
Te 26.40

Mn 0.13

2.71
2.49

4.70

H 20.00

0.03
4.20
65.80
0.08
0.04
25.70

0.05

1.08
1.58
10.00
22.00
1.90
6. 78
64,70
0.11
0.04
24.30
0.62
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Table 10 i‘Pereentaqe of surface p@llgnfségres
Lake bottam (1lm) - N slope S slope E Mire

Pinus : 82.4 91.6 69.2 70.0
e

Picegq. 5.5 3.9 11.7 6.3
2.0 2.8

L

Abties i 2.0
Almus 7 4.

0.5
5 2.0 5.8 3.6
.5 - 3.8 0.9
8
1

Betula.

]
(=
-

Cyperaceae 11.7

0.2 1.3 0.8

.2 1.8 5.8 3.9

0

0

6the: AP 1.
Other NAP 3
0

7i3 o= = -

Myriophyllum

i
i
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Rhopalodia gibba (Ehr.) 0. Mll. (0.3%)
Synedra acus var. radians (Kutz.) Hust. (0.3%)

Tabellaria fenestrata (Lyngb.) Kutz. (0.5%).
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4. DISCUSSION AND CONCLUSION

4.1 Chronology

The plotting of the available radiocarbgnAdatef (Tables
7 and 8) against the respective sample depths, shéwn in
Figqure 20, can be described by the following simple linear
regression models:

Core 1| sample date BP = 8.12 x sample depth + 2894,

r=0.93; and

Core 2 saﬁple date BP = 14.33 x sample depth + 5116,

r=0.96;
wvhere both correlation coefficients are significant at the
0.001 significance level. |

- In view of this, there are two hypotheses to consider:’

a) The radiocarbon dates are correct; or -

b). The dates are too old, by aproximately 2900
radiocarbon years in Core 1, and 5100 in Core 2.

If the first hypotheﬁig/is correct, than iﬁ is
necessary to admit th;tﬁ';hete has been no deposition in
both coring sites for the last 2900 and 5100 years,
respectively, or that only the top radiocarbon dates are too
old; the main volcanic ash horizons (at 457-455cm in Core 1,
and 285cm in Core 2) are not contemporaneous; the
stratigraphic similarities between the two cores are QUEEI§
coincidental (e.g. Ca, Mg, Al, S, Carbonates, Fragilaria

construens vag. binodis, Tabellaria fenestrata, Synedra acus
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var. radians, Asterionella formosa, Stephanodiscus astraea
var. ngnutula, S. hantzschil, Cyclotella kutzingiana, C.
comta, Pinus, Alnus, and Myriophyllum, are correlated in the
same way with core depth); and the vegetation of the
watershed remained basically unchanged for the last 11,000
‘years. All of those possibilities are very unlikely.
Actually, there is no way of explaining the lack of sediment
deposit}on or active bottom EEDSiOﬁzih a stratified lake,
particularly at the site of the deepest core, or & reason
for radiocarbon error ex:lusivé%} at the top. The tephras
are-very similar in appearance under the stereomicroscope
and at the bulk chemistry level; and other regional ggllen
studies indicate the prevalence of a much more aﬁen
vegetation before 10,000 BP,and lower prcp@rticnsgéf Ppine
in relation to higher gpruce before 9000 BP
(Lichti-Federovich, 1970; Schweger et al., in press; R
Ritchie, 1976, 1980). Therefore, the second hypothesis is
preferred.

Due to differential cémpregsicn (natural and during
cg,ing), as well as other depositional differences between
cores, a slight correction seems necessary. If the volcanic
ash, diatom, pollen, and geochemistry stratigraghg of both
‘cores are matched, a slope of 12.98 would ?e more
appropriate to est%mgte the dates of samples from Core 2. A
deviation of at least 3200 years should also be allowved.

Thus, the following tentative eguations will be used in the

subsequent discussion:
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Core 1 sample date BP = 8,12 x sample depth *200; and

Core 2 sample date BP 12.98 x sample depﬁh +200.

In this case, the bottom of the cores would be about
6000:200 BP; and the more é@nspi:uaus volcanic ash ;béut
3800120@ BP, Hhiéh falls within the the age of the St.
Helens Y tephra set (Mullineaux et al., 1975). The presence
of a mineral tentatively identified as sﬁmmingtanite (M.
Bombin, personal communication), is another piece of
information in favor of a St. Helens Y set identity.
Cénfirmaféry microprobe analysis of this ash will be done in
the near future. The average rate of deposition is then
estimated as 1.00.3 mm/year; and samples taken each 10cm
| would represent 100%30 years intervals, while the lcm thick
samples averages of 103 years.

This corrected ch:@naiggy would explain why the cores
do not display a thick Mazama Ash horizon, usually found in
lakes of the fggieﬂ (e.g. Fairfax and Goldeye lakes). The
basal reworked ash could then represent Mazama tephra being
eroded from the watershed.

The base af Core 2 was already deposited under wvater,
as indicated by its_féssils, and Core 1 characteristics
(e.g. laminations, diatemS) indicate that the lake was not
significantly shallower than today, when the basal portion
of the cores vas being deposited. On the other hand, the
bottom of the east end ig'c@mpasgd of loose shale fragments,
and is very steep (moraine?), and could have been subjected

to mass movements- in the past,- particularly if mass input
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#rom an adjacent gorge on the south side cause§ instability
(this gorge communicates the Mary Gregg Lake valley with a‘
higher hanging.aﬁphitheater valley). Therefore, the basal
gravel found in Core 1 could represent a slump or turbidite
deposited around 6000:200 BP, and not the original
post-glacial égttom'of the lake (M. Bombin, personal
commudicationyf'because major deglaciation was certainly
completed before 10,000-9000 BP (e.g. Luckman & Osborn,
1978). Additionally, Cére 2, taken far from the‘probable
maximum extent of\the density current, is possibly not
complete (the piston corer was operated manually), and,
thefefpre, cannot be used as ‘evidence to confirm or reject
such hypothesis. | |
The reason for apparently older dates could be
‘contamination by organic materials and/or incorporation of
dead carban from spring and ground water by aquatic
organisms (Olsson iﬂ Bérglund, 1979; Qeevey et al., 1954;
Donner et al., 1971). Coal particlgs are clearly observed
only in Core 2, which could explain, at least in part, the
larger shift fn the dates of this core. Macrophytes, which
can incorporate'bicarbonate (high in Mary Gregg Lake
springs, ground and lakes waters), would produée older dates;
and ahlarger contribution of these aquatic plants to the
carbon. of Core 2, plus coal contamination, cxpiains possib;yﬁ
be&ter the date‘errors. The absence of pre-duaternary
palynomofphs precludes its use to indicate coal

contamination {as suggested by Nambudiri et al., 1980) 'in

L
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Core 1. Dead aquatic CO, could be the main cause of error in
Co;e 1.

This is a good example of the problems that arise when
dating cores from lakes where the aquatic carbon available
for photosynthesis is not in equilibfium with atmospheric
CO,, and/or when allochthonoﬁs older carbon is part of the
clastic contribution to the lake sediments. The common
pfactice of establishing chronologies based on a few
radiocarbon dates,uor even a single basal date, should be
examined very critically. It is suggested that surficial
sediment samples should be dated whenever possible, to Eé;_
evaluate potential errors, particularly in hard water aﬂéyér,
bicarbonate rich lakes,

Tephrochronology in the area is'pafticulgfly
complicated by the existénce of many Holocene ashes, some of
them not even identified yet, and by favorable topographic

conditions for reworking.

4.2 Paleodynamics of the watershed
In the subsequent text, unless otherwise indicated, the
correlation coefficients referred to are Spearman's rho
(computed by M. Bombin). This non-parametric statistic was
selected because it neither depeﬁds upon a normal
,;disttibuti;n (some of tho-vaki:hlc: in this study are not
normally distributed), or the metric quality of interval

scales. Rho!l will denote correlation coefficients for Core




', and rho2 for Core 2. All reported rho values are
significant at the 0.001 level.

The pallgn/sp;:es‘data suggest that in general teéms
the watershed has been dominantly covered by boreal forest
for the last 6000 years. ’ :

There is a wide range of climatic conditions under
which boreal forest thrives, In the case of Mary Gregq Lake
area ("middle lower subaiping zone"), reallf drastic changes
wvould have to take place in order to alter dramatically its
general vegetation cover. On the other hand, compositional
changes through time certainly happened, in response not
only to the climate, but to other successional factors as
well. However, due to the nature of the boreal forest
palynological record, with a few absolutely dominant
species, it would be necessary to count very large pollen
sums, to clearly unravel possible veéetatignai changes. Some
general CQEFQEitié%al ehangeg are, however, suggested by the
available record. Myricaceae/Corylaceae ocurrence
exclusively below 400cm in Core 1, could be related to more
open woodé and/or more mesic conditions locally, before
3,250 BP. Higher NAP and alder before ca. 3500 BP in Core 2,
also points to more open forests. Pine trended to inc:easé
ifs'propor;ians upwards in thé core (rhol(depth x
 pine)=-.53, rho2(depth x pine)=-.75); alder to decrease
(rho1(depth 'x alder)=.60, rho2(depth x alder)=.64); and
spruce to decrease ‘gclea'f only in Core 2, rho2(depth x .

spruce)=,55),
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The post-Mazama pollen data from Fairfax Lake {(another
Foothills lake, about 40 km southwest of Mary Gregg Lake)
presented by Schweger et al. (in press), is quite similaf to
my results. The presence of a tephra horizon at 285cm in
Fairfax Lake after the 7cm thick Mazama Ash (477-470cm)
(D.R. Kvill personal communication), which could be
conteﬁporaneous with the Hafy.Gfegg:Lake main ash,
reinforces the above mentioned correlation between the two
lékes. |

Slope instability centinueditér some time after the
hypothesized basal slide, as indicated by lenées of coarse
materials (gravell plant detritus) found in Core 1 until
about the 550cm level (ca. 4500:200 BP).

Calcium, magnesium, aluminum, and to a lesser extent
potaséium'are correlated to depth (rho1(Ca x depth)=,83,
rho2(Ca x depth)=.60; rhol(Mg x depth)=-,60, rho2(Mg x
depth)=-.52; rho1(Al x depth)=-,71 rho2(Al «x depth)=-,52;
rho2(K x depth)=-.45) and, therefore, the correlation among
those variables is probably in large extent due to their
mutual relationship with depth (time).

The high positive correlation of K, Mg, and ﬂl (rho1(K
x Mg)=.61, rho2(k x Mg)=,62; rhol(K x Al)=.68, rho2(K x
Al)=.65; rho1(Mg x Al)=.87, rho2(Mg x Al)=.85), suggests,
that they could be related to a common factor, possibly to
illite (hydromica) eroded from the north sicpe (the |
Biackstone Shale is iich in this clay miﬁeral). The trend to

higher K, Mg, and Al with time is pasaibly linked to

i s
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augmented eluviation on the steep slopes and runoff during
the spring after about 4000£200 BP.

Calcium is negatively correlated to the above mentioned
terrigenous sedimentation indicators (e.g. rhol(Ca x

Al)=-.68, rh2(Ca x K)=-,59), and its stratigraphic behavior
is-better explained by factors operating within the aguatic
system; |
The Na bulge after éhe main volcanic ash, indicates
that reworking and mobilization of the tephra blanket in the
- basin continued to be significant for about 500-1000 years
after the ash fall. |
Judging from the higher C:N ratio, the watershgd
- organic input into the lake was less significant between
4000 and 1000 BP, which could reflect higher‘séil stability

A .
guring this time.

4.3 Paleodynamics of the aquatic system

Carbon, nitrogen, sulfur, a-pigments, and carotenocids,
commonly used as paleoproductivity indicators, are in
general strongly correlated, as can be seen in Table 11. A
threefold stratigraphic behavior is clear, suggesting higher
productivity between ca. 6000:200 and 3500200, a decfegsef
between ca. 35002200 and 10004200 BP, and again higher
productivity ;ftgr-th;t;~Th: ;¥pig:cnt::g:ratgﬁ§idi ratio
suggests a general trend towards less eutrophic conditions

from the base upwards. The low correlation between C and the
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Table 11 - Correlation of biogeochemical
indicators (rho)

c N S a-pigm. carot.

C e L31% .33* .34%  .40*
N .79 .74 .74 .72

S .68 .74 .80 .91

The lower matrix triangle corresponds to
Core 1 variables, and the upper to Core 2.
*Not significant at the .001 level.

CTERE R 8 e S e e ST I S e a1 ri 2 e BE AR L 0 e ek s et s
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other variables in Core 2; plus an overall higher C;N ratio
than Core 1, indicates a higher input of allochthonous 7
carbon. This is probably to a large extent in the form of
coal particles from the Luscar Pormation (south slope),
given the older radiocarbon dates of Core 2, as already
indicated vhen the chronology problems were discussed. The
positive correlation among components usually preserved
under anaerobic conditions, indicates a dominance of this
kind of bottom environment throughout the history of the
lake. The organic provenience of S is also clear.

Iron is related principally to the reducing condition
of the sediment, because it is stféngiy assatiaﬁeé with the
organic components (rhol(Fe x C)=.67; rhol(Fe x N)=.66,
rho2(Fe x N)=.69; rhol(Fe x S)=.80, rho2(Fe x §)=.89;
rhol(Fe x a-pigments)=.71, rho2(Fe x a-pigments)=.75;
rhol(Fe x carotenoids)=,70, rho2(Fe x carotenoids)=.83). The
high correlation between Fe .and S suggests that these
elements are coprecipitated in the éedimEﬂt as FeS,, EhiC?
is confirmed by the counts of pyrite sphérulesi Thg'?ggf \\a
weak association between Fe and carbon in Core 2, (rho=,22), \
‘once agax;.indxcates that a good proportion of- the ignitable ;>
carbon is probably coal (not easily ée:ampésable by
anaerobic bacteria).

The domxnant reducing sediment CDﬂdltlQﬁS kept Mn
mobile throughout most of the lake history, maklng its

stratigraphic profile difficult to interpret. Erém the

middle section of both cores upwards, Mn tends to increase
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(rho2(Mn x~depth)=-.77), but Fe does not, suggesting higher

Mn input from the watershed (increasingly higher reduction
of soils). : /

There is no pgsitive relation between Ca gnd\Hg, and
both are oppositely correlated with time. This, in
combination with the correlaticn between Ca and carbonate
(rho1(Ca x carbonate)=.60), indicates éhat most of the Cé is
present in the form of precipitated CacCo,. in fact, marl
bands and effervescencé with HCl occur towards the bottom of
the cores, vhere Ca is higher. Considering the following
equilibrium expression:

Ca'® + 2HCO; = H,0 + CO, + CaEO,(s{,
consumption of CO, by micro- and macrophytes, or temperature
_incréase (decreasing solubility of CO, and calcite), will
cause a shift to the right in the eguilibrium equatﬁgn,
precipitating CaCO,. The carbonate stratigraphic profile
follows well the productivity indicators in the basal and
middle portions of the cores, but does ﬁet in the upper
portion. This suggests that a combination of biogenic and
physical factors were involved in calcite deposition
throughout Hary Gregg iakg history. Perhaps the basal marly
sediments are better explained by concurrent higher
phytéégnic activity, and higher summer Qater temperatures
(wvhich also would have a positive feedback effect upon
DpEQéEEEi?ié&), Dther.faetaf:, as pH, evaporation, sélinity}.
kinds and amounts of dissolved ions, and diagenetic

solubilization of calcite, could be involved, but it is

3
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acknowledged that detailed studies, such as calcite parti:l?
morphology and X-ray diffré:tiaﬁ, are necessary if a more
refined approach to the problem, as that by Kelts & Hsu in
Lerman (1978), is aimed.

The positive‘relatieﬁ of the sediment pH wvith carbonate
and negative with organic indicators, suggest that those are
the major factors contrelling that variable. The excellent
preservation of diatoms and Chrysophyta cysts thraughﬁut‘
cores, is perhaps an indication that the sediment pH never
significantly exceeded 7.

Phosphorus reaches the bottom cfi%gkes‘seéimented as
particﬁlated<organiﬁupatter, terrigenous minerals and, under
relatively oxid:Pt conditions, It can be also coprecipitated
with and adsorbed to Fe/Mn oxides, aluminum hydroxides, and
clay minerals (Bortleson & Lee, 1972, 1974; Mackereth,

1966). In this situktian, the sedimentary concentration of P

.coz}d reflect changes in the input of this element to the

1aKe system, particularly those induced by human activity
(e.g. Bortleson & Lee, 1972), or signifiéant changes in the
vater and bottom environment. However, in the case of Mary
Gregg Lake - where human impact has been 0 far minimal, and
a8 very anoxic sedimen; seems to have always predominated,

vith .iron being precipitated as sulfide instead of oxides,

_and manganese being constantly mobile - the release of P

from and migra;ion within the sediment would have been
facilitated. As a result, no clear trends are visible, and

the very dynamic and complex history of this element is
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reflected in erratic stratigraphic profiles, not very
significantly correlated with any other of the studied '
variables in particular; that is, different combinations of
factors would be involved in explaining each individual
sample. The average of 2.21:1.71 mg P/g dry wt. in Core ?
does not differ significantly from the average vatershed and
plant composition (2.3 mg/g). On the other hand, the average
of 1.33¢0.48 mg/g in Core 2, suggests sedimentary release of
P to the water system. This difference could indicate that
the sediment under‘non-stratified vater (with rapid mixing)
is a more important source of P to the lake, than sediment’
under hypolimnic waters, Also, Core 2vis richef in clean
quartz sand, which is very low in P. The peak in ﬁhe basal
portion of 'Core 1, is explainca by the higher concentration
of shale and iron oxides. The two other marked peaks at 570
and 420 cm, are due to higher concentration of shale and
vivianite. The’di;genetic precipitation of this hydrated
ferrous phosphate was induced by macroscopic plant detritus
(intense reducing center), a phenomenon explained by

~ Mackereth (1966). This author also suggested that this is a
relatively slow process, which is in agreement with the fact
that this mineral is present only in the older portion of

this core.

The. avesage in and Cu concentrations in Core 1 and Core . .

2 samples are not very significantly different from the
local watershed sources. Exceptions are the pejts at 400 and

310 ¢m in Core 1, and 245 and 185 cm in Core 2, zgzzgfdgn

?



lake. The Zn concentration in these samples far exceeds the
local terrigenous sediments, and probably d@vnat represent
redox changes, because they occurred simultaneously in the
deep and shallow portions of the lak;, and the'cther redox
indi:atars do not show any comparable esciilatians-QThey'
might be related to some biogenic factor, but this is a
problem that needs furtier study. Zn and Cu are positively
correlated in Core ! (rheﬁ(:n x Cu)-.SB]; In Core 2,

‘middle secﬁiens display coincident peaks.

Usi;g basically the data provided by Bradbury (1971,
1975), Bradbury & Whiteside (1980), Bradbury & Winter
(1976), Cholnoky (1968}, Florin (1970), Foged (195¥Li
Haworth (1969, 1972, 1976, 1977), Hickman (1974, 1975),
Hickman et al. (1978), Hustedt (1937-39), Merilainen (1969,
1971), Patrick (1977), Patrick & Reimer (1966, 1975), Round
(1957a, 1957b, 1960, 1961, 1964, 1973), all the identified
'diaﬁgms were grouped according to przfereﬁtial habitat, pH,
and trophic status, producing the profiles of proportions
depicted 'in Fiqure 21 and 22 . These show that the benthic
taxa always Jominated, even in the deep spot, indicating
- clear waters throughout the ﬁistary of the lake. Planktonic
vgrieties have’higﬁer peaks before BSDé:ZOO BP and after
1000£200 BP, in3Care 1; inversely, in Core 2 they are only

slightly more abundant between 35002200 and 1000:200 BP, but
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this is explained basically by the particular increase of
Cyclotella comta. Taxa which prefer pH towards the basic
side of the sce}e always predominated overwhelmingly. There
is a hint that more pH indiferent diat@ms_ﬁhgre slightly
more abundant before 3500+£200 BP, and have increased again

in the last 1000:+200 years. As seen from Core 1, before ca.

Araphidineae) of more eutrophic conditions dominated.
Afterwards, they are succeeded by more oligotrophic .
indicators in balance with others (Araphidineae) usually
foﬁnd in more eutrophic conditions. In Core 2, this is also
observed, although not so clearly, because of the locally
more abundant recycled nutrients in shallow waters
(Stephanod iscus .hantzschii, for example occurs locally in
small populations at recent timés in Core 2). Most of the
benthic'species, particularly the epipelic that dominate
Mary Gregé Lake's record, cannot be unmistakably carrelateé
to the trophic status of the open ﬁate:, alsa because of the
nutrient-rich microenvironment closer to the sediment
(Round, 1960).

Autoecologically, the Centrales Stephanodiscus
hantzschii (rha1(S.h. x depth)=.82) ané‘éyéiéteiia comta
(rho1(C.c. x depth)=-.76, rho2(C.c x depth)=-.75) are the
most clear iﬁdicators' respect},vsﬁivhéfﬁ-mate eutrophic and
oligotrophit conditions, uﬁibh supports the idea that the
Araphidineae/Centrales index is ﬁctha universally valid |

indicator of trophic status, as pointed out for example by
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Battarbee in Berglﬁnd (1979), and by Brugam (1979). Other
individual species that are also abundant during the basal
phase of mgre'eutrééhic cgnéitiéns (before ca. 3500£200 BP)
are: Fragllaria construens var. binodis, Synedra acus var.
radlans, Asterionella formosa, Stephanodiscus astraea var.
minutula, and Cyclotella kutzingiana. Thg;QEQQiﬁg
requirements of these diatoms caulé;have been met if a
longer ice-free season, and higheér water temperatures
occurred at Mary Gregg Lake. The wide range of represented -
vafieties that bloom at different times (Patrick, 1977),
could actually support this model. The communities present
before ca. 3500t200 BP, with high proportions of
Stephanodiscus hantzschii, suggests higher total water
phosphorus and alkalinity (Brugam, 1979).

The increase in the epiphytic diatoms Amphora ovalis
~var. pedicu
Achnanthes

., Achnanthes IaﬁQEQISta var. rostrata, and

pua, between 3500:200 and 1000£200 BP, agrees
rwith the idea of more transparent waters during this time.

| The Myriophyllum highs before ca. 3500+200 BP could
also indicate. longer ice-free growing season and higher
summer water temperatures (Haag, 1979; Haag & Gorham 1977).
It should not be entirely related to very significaﬁt’lcﬁgr
water levels, because in that case the littoral area would-
‘have been actually reduced, and would contradict other
indicators discussed before. The same conditions seem to
have favored other macrophytes as well at that time(e.g.

Potamogeton and Ranunculus represented by abundant seeds in
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Core 2). f

The more eutrophic status of the lake before 3500:200
BP is also corroborated by the higher abundances of
Desmidiaceae, Tetraedron, and Chrysophyta. These, associated
tbiricher remains of Cladocera (anatomical -parts and
hiphippia), Plumatel/]a statoblasts, molluscs, fish bones,
and all the other previously discussed indicators, also

suggest higher productivity at that time.

4.4 Integration

| A cluster analysis of the sampled é@re levels by Hard;s
method (Wishart, 1978) was performed by M. Ecmbin,Ausing the
following 42 vafiaéles for classification: Na, K, Ca, Mg,
Al, Zn, Cu, Fe, Mn, C, N, P, S, carbonates, a-pigments,
carotenoids, pH, fines (silt + clay), Fragilaria é@nstﬁQEHS,
'F. construens var. venter, FchcnstFuens var. binodis, F.
pinnata, F. brevistriata, Amphora ovalis var. pedisuius,
Achhanthes lanséelata var. rostrata, A. exigua, Rhopalodia
gibba, Tabellaria fenestrata, Fragilarla crotonensis,
Synedra acus var. radlans, Asterionella formosa,
Stephanod iscus astraea var. minutula, S. haﬁtzscﬁii;
Cyclotella kutzingiana, C. comta, Pinus,‘P!:éa; Abies,
Alnus, Betula, NAP, and Myriophyllum. The resultant
| dehdrégrams aregdepiéted in Figureé 23. and 2& . Thé iigt éf:
ciuster groups in stratigraphic sequence is shown in Tables

12 and 13 . The results of this classification procedure
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Core 1 similarity clusters in stratigraphic

s&guence
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Table 13 - Core 2 similarity clusters
in stratigraphic sequence
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illustrate well the proposed structure of the data in a
threefold stratigraphic scheme.’ ¥

From this analysis, and by cémpafisan of the suggested
chronologies, the correlation presented in Figure 25 is
accepted.

-In summary, the model emerging from this research,
considers that the available cores contain information about
the last 6000 years of the history of Mary Gregg Lake, which
can be interpreted basicaliy as repéesenting three different
ecological situations. Between 6000+200 BP and 3500:£200 BP
the lake would have been more eutrophic and productive;
followed by a shift tovwards more oligotrophic conditions
_betweenASSDDtZGD BP and 10004200 BP; and, finally another
shift towards the present mesotrophic conditions. The model
also accepts water depths as relatively high during the time
span covered by the cores (i.e. not lower than about 4m).

To accommodate this reconstruction, a threefold
parallel hydrologic sequence is also suggested. An older
period, between 6000£200 and 3500:200 BP, of balanced
inflow/outflov (higher water residence time and
evaporation), with longer ice-free season and pessible |
higher water temperatures, which resulted in more efficient
m;xing and circulation of nutrients, as well as more
;uécegsful reproduction of macrophytes. An intermediate
pafgéé of eleéaéed éutflév ﬁftef melting, and lower
evapargtieﬁ,-gssgﬂiatea to a shorter and colder groving )

season with nutrient depleted vaters, between 3500+200 BP -
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concentrations of water nutrients, and a more favorable
groving season.

"The paleoclimatic states related to this sequence,
could be roughly reconstructed as: relatively more mesic
conditions before 3500t£200 BP; followed by a cooler
(summers?) and wetter (winters?) regime than today, between
3500£200 BP and 10004200 BP; and a final interval towards
the¥present situation after 1000+200 BP; all separated by
relatively rapid transitional periods, as contended for
example by Wendland & Bryson (1974). Within this same school
cﬁ thought of step-wise climatic changes, one can also argue
that two changes of pattern happened: one, some time between
6000-5000 BP, from more mesic to cooler and wetter
conditions; and another at about 2500+200 BP to a less
cooler and wetter regime; and that the stratigraphic
profiles of the available indicators in fact reflect the
- respective successional response lags, after the rapid
climatic change. Alternatively, another way of describing
_the observed three-zoned sequence, is considering it as a
reflection of a gradual environmental cycle, with two
changes of phase, trending initially from more mesic tq .
egﬁlci»-nd weatter conditions, from the besal section to - -
about 2500:200 BP; and from thgn on reversing the trend
tovards the present situation. This would represent the

Neoglacial cyeié (sensu Wright, 1976). It is even possible
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to argue that some paleoclimatic changes could have been
abi‘?t (e.qg. __around 3500 and 1000 BP) and others gradual
(e.g. around 2500 BP). The available data does not allowvw a
clear decision about the different possibilities,

principally because of the already mentiened lags invoived
| in éhanges of the indicators with resp;ct to climatic
change.The seemingly abrupt changes in some of the ﬁiogenic
indicators, ctould also be explained by the climatic
gradualists as a result of the existence of thresholds in
biologiéal and certain chemical responses. In summary,
different combinations of .climatic change pattern and
behavior of indicators }esponse, can lead to very similar
stratigraphic records. This, plus the usual chronological
uncertainties, illustrates the sources of classical polemics
in palgoecology. |

Most palynological work in Western Canada has shown

that the Hypsithermal climatic interval (sensu Wright,
1976), extended aproximately from 9500-9000 BP to 6500-5000
BP (e.g. Alley, 1976; Ritchie, 1976; and Schweger et al., in
press). I1f the proposéd chronology for Mary Gregg Lake is
correct, only the Iétest effects of this warm episode, which
could have lasted until about 3500£200 BP, would be
represented in the basa; portion of the recovered cores. The
trend towards cooler aﬁd wetter conditians in the adjacent
area of Jasper Nat1ona1 Park, after 6000-5000 BP, is also

supportcd by Luckman L Osborn (1978).
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The paleoclimatic oscillations suggested above for the
Mary Gregg Lake area, wvere apparently not of a magnitude
such as to alter significantly the general vegetation of the
vatershed, and this also points out that, in this case, the
lake system is more sensitive to less érsncunieé
environmental éhg-ﬂgél. Up to now, human impact upon C!-Liry
Gregg Lake has not been of a large magnitude, but the
history of the lake indicates that if can easily become a
powerful agent of change. Therefore, all future alterations
that can ﬁZ:entially modify the hydrology of the system, or
the inputs from the watershed, should ‘be carefully
monitored, including the routine analysis Wf biological
indicators.

/  Volcanic ash microprobe, radiocarbon, and stable
i:btope analyses are scheduled for the near future, to help
clarifying the chronology problems,.

In order to test the hypothesis that the
palececological record provided by Cores 1 and 2 is
| incomplete, and possibly recover the older postglacial
history of the lake, an additional core is planned. This
should be taken at an intermediate point between Cores 1 and
2, if possible with a piston corer mechanically driven.

More detailed limnological studies of the lake are
necessary, to provide a better basis for further
paleolimnological interpretations’, and prediction of .

possible future trends.
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