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Issue: The DOE Great Lakes 2000 policy needs reliable information on climate 
change and global warming in the Great Lakes region. Long-term

‘ 

(prehistoric) climate trends can be interpreted from analysis of stable 
isotopes in carbonate fossil materials from dated sediment cores. 

Current status: The Lake Erie mollusc isotope record shows major changes in 
isotopic values, occurring from 3 300 - 2 800 years before present. 
However, it is not clear if these patterns are due to changes in climate or in 
hydrology (lake levels or lake inflow source). For instance, the isotopic 
excursion seen in at around 3000 years could be the first documentation in 
lakes of the Neoglacial, a widely - documented cold inten/al, thus providing 

V 
a reliable time-reference. » 

Next steps: Mollusc records from Lake Erie could prove to be effective proxies 
for pre-historic climate records in the GreatLakes region if confirmed by a 
larger data base and better radiocarbon or pollen dating. Further work 
using other species (ostracodes) is planned. ,
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ABSTRACT 
We present the first 6‘-‘O and 6"C data from mollusc aragonite from Lake Erie for the 4.6 - 0.2 ka 

(4600 BP to 200 B_P “C yrs) time interval and describe single and composite species-isotopic trends; 

upcore. Carbon isotope data from all species, including the bivalve Sphaerium striatinum show 

progressively more ‘A30 enriched values from 4.6 ka (averaging -6.55% PDB) to the present (-0.57%»). This 

trend may reflect the dilution of isotopically light CO, from oxidizing organic matter due to rising lake levels. 

Composite species 6‘°O data show an almost 2.0%» increase from 3.3 to 3.0 ka followed by a nearly 2.5%» 

decrease at 2-.8 ka. The values then fluctuate by < 1%» until 0.2 ka. This trend in oxygen isotopic values is 

also evident in single species analyses of S. striafinum. The most dramatic changes in isotopic values, 

which occur from 3.3_- 2.8 ka. may reflecta pattern of water level fluctuations similar to" those which 

occurred about 2 ka earlier during’ the Nipissing flood. If, however, lake levels were rising during 4.6 - 0.2 

ka because of isostatic rebound of Lake Erie's Niagara outlet, then these changes in isotopic values may 

reflect climatic changes. Within the errors of the dates, the isotopic excursion seen in our data is 

correlative with the third phase of Neoglaciation, a widely - documented Holocene cold interval which 

lasted from -3100 to 2400 “C yrs BP and peaked about 2800 years ago.
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. 
- INTRODUCTION 

Oxygen and carbon isotopic values of biogenic carbonate from sediment cores I 
from Lake Erie have been the subject of only two studies, both of which provided 

important information on the paleoenvironmental history of the lake. Fritz et al. (1975) 

reported relatively low 6180 ‘values from ostracodes from a sediment core taken near U 
Erieau for the 15,000 BP - 12,700 BP (15 12.7 ka) time interval (around -1‘2%<= to —9°/9»), 

followed by higher values (around 57°/no to - 6%<>) for ostracodes and molluscs up to 10.5 ' 
ka. Near 9 ka, values rose to approximately -3°/o_o to -;2%¢, and then decreased toward 

the present ( -7°/>5 to -5°/co). They reported i5‘°C values close to 0%» around 15 ka '

- 

followed by values decreasing to approximately -8%‘, to -9°/M at 12.7 ka. From that time i 
to the present, values increased to close to 0°/>0. Lewisand Anderson (1992) described 

, 

‘ 

. _ 

the isotopic record from ostracodes picked from a sediment core from Long Point where
V 

they focused on an interval correlative with the Younger Dryas (ca. 11 - 10.5 ka). The ' 
oldest portion of this interval was characterized by 6‘°O values around -12%¢ to -10%@. 

Going upcore, 6‘°O values first rose to around -8%o and then fell to about -10%¢. _Before
I 

10.5 ka, values increased to about --4°/oo and then to -2°/oo around 9 ka.. t5‘°C values U 
were approximately i-4°/oo for the lower core interval and increased near 11 ka to about- 

5%o. ln progressively younger sections of the core, values decreased to about -6%» and
U 

then increased to around -5°/>3 around 9 ka. 1 

' ln‘ these studies, the isotopic record of oxygen was interpreted as reflecting 
'

f 

changes in the isotopic composition of lake water related to paleohydrologic effects
' 

such as water mass source and evaporation. These were controlled by factors such as m 

the influx of isotopically light water from the upper Great Lakes, water level fluctuations f
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“within Lake Erie due to outlet changes, and variations in the amount and isotopic 

compositioniof precipitation related to changes in climate. The carbon isotopic record 

' was interpre'te_d as reflecting changes in the relative contributions of atmospheric _CO, , 

primary _productivity, and oxidation of "C enriched organic matter. _

' 

In this study, we present the first ‘6“°O and 6"C data from mollusc aragonite 

, from Lake Erie for the 4.6 - 0.2 ka (“C yrs) time interval and describe single and 

- 
_ 
composite species isotopic trends upcore. This interval has not been previously studied, 

1 although Fritz et al. (1975) define isotopic trends for this time period by interpolating 

between their youngest core sample va_lues’(>4 ka) and those of_ ‘surface samples. We 
also provide new 6“O and 6'3C data from mollusc aragonite for core samples dated at ' 

9 -8 ka. This allows us to compare our data with those of previous worklfor the same 

interval, and also permits comparisons of composite species trends with those reported j 

‘ 
~ by Fritz et al. (1975). Finally, our data for the 4.6 - 0.2 ka time interval are the first of 

' 

their kind for the Great -Lakes. _Previou‘s studies of Lake Michigan by Coleman et al." 

) 

A (1990; 1994; 1994a) and Lake Huron by Rea et al. (1994; 1994a) and Moore et al. 

(1994) present no isotopic data for core intervals younger tha_n‘5 ka and .7 ka 

_ 
respectively. " 

, . 
. 
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M_ATEcR_lALS AND METHODS 
l 

- 

Q 
' Sediment Coreslfrom Lake Erie . 

Mollusc shells for stable isotope analysis were extracted manually from dry - 

sediment sub-samples taken from boreholes from the following three areas of Lake Erie 

- (Figure 1): 1) Borehole BH3 was drilled to 40 m below Long. Point in the eastern basin _



of the Lake using a hollow-stem auger rig; 2) Site JP‘C-1;9_"sampled usifiga piston - 

corer in 23 m of water, several kilometers south of Pointe-au>§¢_Pins.' Total core length 

was 60 cm, and the core bottomed out in shelly sand with wood fragments; 3) The cores" 

south of Poirit"PeIee, in the western basin were obtained using an Alpine Vibracorer 

mounted on a barge. Water depth was 6 to 8 m, and’ core lengths were 11, 10, 7, 9, and 

12 m for Cores 2, 3, 4, 5, 6, respectively. Detailsof all coresiahd sub-samples are V- 

presented in Coakley (1985). , V 

' 

_ 

K
‘ 

Radiocarbon Dates - 

" -
- 

' "C dating was carried out on a.variety of organic materials found in the cores ~ 

(Table 1). Dates on materials subject to age-bias (e.g. fine plant detritus, bulk organic 

silt, and shells) were assessed for accuracy in light of other corroborative information 

from pollen profiles and stratigraphic relationships with other dates obtained from peat 

or wood.‘ Mollusc shells from which the 6‘-“HO and 61°C data were obtairiedusually 

occurred in sections of cores falling between dates. Thus it was necessary to assign 

ages to.the -mollusc occurrences based on interpolation between radiocarbon dates and 

the present‘ -day time }ze_r0 using either a log - normal or linear model to accommodate 

for time - dependent sediment compaction. The non - linear approach was used on
' 

cores with significant cohesive sediment (mud) sections, while thelinear interpolation » 

was used for. sands, where compaction is fairly constantwith depth and time (see Fig. 1 

Table 2). Detailed information all the ‘f‘C dates used in this study is presented in
' 

/ 
'

. 

Coakley (1985) and in Coakley and Lewis (1985).
'
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Mollusc Fauna 1 

1

i 

Studies of the oxygen isotopic chemistry of freshwatermolluscs have found that 
n , 

their shells are deposited in equilibrium with ambient water an thus are a rel'ia_ble' source
i 

of 6'80 data for their environment (Fritz and Poplawski, 1974; Dettman, 1994; Tevesz et 4 

al., 1996). Mollusc shell i5‘°C values may, however, be somewhat independent of the 

t5‘3C values of dissolved inorganic carbon and thus be less useful for inferring - 
. / 

- - ' 

environmental conditions. For example, Dettman (1994) showed that measured 6‘3C 

values for freshwater mussels were consiste_nt_ly offset from predicted ‘values. 

Moreover, Tanaka et al_. (1986) concluded that a high percentage of carbon in mollusc 

shells is metabolic carbon and thus it is difficult to use 5'30 values from shells to ‘predict _~ 

the carbon isotopic composition of the water in which the shell was deposited. 

Nevertheless, because the shell values may be consistently offset from true values and - 

are not merely random, then trends in values taken from different time intervals may be 

of use in inferring changes in environmental conditions. . 

"

. 

Molluscs picked from sediment coresand analysed by Feigl staining (Feigl, 1937) 

and x - ray diffraction analysis were found to be 100% aragonite. Therefore they were 

considered to be diagenetically unalteredand suitable for isotopic analysis. The 

following species were identified and analysed: Sphaerium striatinum; Pisidium sp. 

(Bivalvia). Elimia Iivescens; -Va/vata perdepressa; Valvata tn‘carin_ata; C/fncinnatia 

cincinnatiensis; Probythinella Iacustris (Gastropoda). All shells selected for isotopic 
> . 

analysis were well - preserved whole specimens or valves that did not show evidence of 

being transported. The shells were separated by species, washed in tap water, and 

were sonicated after piercing the apex of the gastropod shells to facilitate the removal of
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sediments trapped inside. Thus cleaned, the shells were crushed individua/lly in a 

mortar prior to isotopic analysis. About 100 micrograms of material was used for each 

analysis. The isotopic data obtained from these crushed whole specimens were
" 

assumed to represent average values for annual growth of each individual. 

Carbon and Oxygen Isotopic Analysis
g 

Mollusc aragonite powder was analysed with a VG SIRA Series ll ‘mass 

spectrometer using an 'lsocarb' unit. The powder was reacted with 100% phosphoric 

acid at 90°C in a common acid bath. Multiple analyses of the laboratory standard NBS- 

19 showed reproducibility of the oxygen and carbonisotope chemistry to be 0.065%. " 

Results.are expressed as per mil deviations from the Peedee belemnite standard 

(%<>PDB). » 

_ 

A 

A 

.

h 

' 

- RESULTS 

New 6180- and 5'30 data on molluscaragonite from “.6 datedsediment cores 

from Long Point, Pointe-aux-Pins, and Point Pelee are presented in Table 3. The 

isotopic values are from 45 analyses of crushed whole shells representing two bivalve 
. \ 

and five gastropod species. Two time periods are represented by these samples: 9 - 8 

ka and 4.6 - 0.2 ka'(“C yrs). All isotopic values for oxygen are plotted versus age in 

Figure 2; all values for carbon are plotted versus age in Figure 3. Figure 4 shows single 

species values for the most abundant bivalve species found in the core samples, 

Sphaerium striatinum, which has been shown to precipitate its shell at or near isotopic 
' 

equilibrium with ambient water (Tevesz et al., 1996). 
'

" 

' D
r



‘ \ - \. ».. t 4 u A1r.L\3."-‘fix-\ ~¢'>’U-II .u;4'.<a.-J_r:.vo|.._‘x':'l'-\Hlll_ - ' "' "' 
l

'

\l 

~ Tevesz et al. 8 

DISCUSSION L
L 

’ 

Postglacial History and Lake Level Trends: Early to Present Lake Erie 
Figure 5 shows the lake.-level curve,f_or Lake Erie, summarizing dated elevations 

throughout‘ the lake. The most important elements of water-level trends are the 
following: 1) The long-term rise in levels brought about by isostatic rebound of the once 
glacier-depressed Niagara outlet The initial rise was approximately 2 m I century but 
declined exponentially to its present rate of approximately 10 cm I century (Kite, 1972). 
2) Catastrophic rises in levels attributed to sudden eastward drainage of water from ~ 

glacial Lake Agassiz through the Great Lakes Basin around 10_ka BP (Coakley and 
Lewis, 1985; Tinkler et al., 1992); This event could have been responsible for filling all 
the basins to the level of the rapidly - rising outlet sill. 3) The Nipissing flood, ca‘. 5 ka, 
was caused by the permanent return of upper lakes drainage to the Erie basin. Initially, 

lake levels rose to the level of the moraines in the Niagara River valley and tell again as 
these morainal barriers were eroded and widened. 4) Post Nipissing levels continued 
their slower rise due to isostatic rebound ofthe outlet (Coakley and Lewis, 1985). 

_ 
, These four major phases mark dramatic changes in the lake ecosystem that 

would have been accompanied by changes in climate,‘ produ_ctivity, and water 
chemistry, for which oxygen and carbon isotope ratios are suitable proxies. 

Interpretation of Oxygen and Carbon Isotope Ratios 
' ' 

Oxygen Isotope Record 
I

_ 

Table 2 shows that values for the 0.2 to 4.6 ka 6'80 data are lower than those 
obtained from the 8.0 to 9 .0 ka time interval. This trend of decreasing isotopic values

1
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was also reported by Fritz et al, (1975). They attributed the decrease in t5‘°0 values 

from about 9 ka to present to an increased rate of flushing due to the influx of water 

from the upper lake and decreasing effect of evaporation caused by a relative decrease-‘ 

of the surface area to volume ratio caused by the overall deepening of the water. 
' The fluctuations in isotopic values between 4.16 and 0.2 ka are previously 

unreported. The dominant trend in the data for this t_im_e_i_nterva_l, illustrated in Figure 2, 

is a distinct positive excursion from 3.3 to 3.0 ka, followed by a‘retum to markedly more 

negative values by 2.8 ka, Following this time, the data show "*0 - depleted. values,“ 

f|uctua_t_i_ng within 1%». This trend is also reflected in data from -Sphaerium striatinum . 

(Figure 4).
' 

Isotopic shifts in deep - sea cores are usually interpreted as evidence of 

seawater temperature changes and fluctuations in global ice volume. Freshwater lakes, 

’however,'are more complicated. ‘Other factors, such as’water mass sources and 

evaporation, may have a greater influence in determining the isotopic values of biogenic 
/ I

. 

carbonate than does temperature. This problem is further compounded because water) 

depthsat which mollusc shells are deposited may be below the summer thermocline 

(Moore et al., 1994) and the isotopic composition of the water is often so highly variable 

seasonally as to mask the temperature signal in shell carbonate. The various 

influences on the isotopic composition of water in freshwater lakes andstreams and the 

way in which these are inferable from freshwater mollusc shells are summarized in 

several works, including Fritz and Poplawski (1974), Dettman (1994), and-Tevesz et al." 

(1996). , 

lt has not been shown that Lake Erie at the time of the isotopic excursion (ca. 3.0
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ka) had been subjected to major water - level changes or influxes of exotic surface 
K 

- 

'
. 

waters, although there has been a long-term rise in water level brought about by
' 

isostatic rebound of the once - glacier - depressed Niagara outlet. Coakley and Lewis " 

(1985) describe a Nipissing flood ca. 5ka caused by the permanent return of the 

drainage of the upper Great Lakes through Lake Erie, followed by a lowering of levels 

due to morainal erosion.. After this time, waters have continued to rise to present levels. 

The timing of this isotopic event recorded in our samples is apparently not synchronous 

with that of, the Nipissing flood and subsequent low water event. Nevertheless, the 

pattern of the -sudden and dramatic rise in isotopic values quickly followed much more 

depleted values could be reasonably interpreted as a lake level highstand followed 

abruptly by a lowstand, followed in turn by a return to higher waterlevels. This pattern 

would mirror the water level changes proposed for the Nipissing flood and its aftermath. 

It is possible, however, that climate - related caused were responsiblefor the
~ 

observed isotopic shifts. Denton and Karlén (I973) performed detailed mapping, dating 

of moraines fronting 14 glacier termini in the northeastern St. Elias Mountains in 

southern Yukon Territory and Alaska and, where possible, documented changes in tree 
- line positions over time. They also looked at 40 glaciers in the Kebnekaise and Sarek 

Mountains in Swedish Lapland. They found that all these alpine glaciers underwent 

advance beginning at 3300 “C years ago and peaking at 2800 BP; glacial recession 
was underway by 2400 BP. Radiocarbon - dated glacial advances from 3300 to 2400 

BP have been documented for individual glaciers in the coastal mountains of southem 

and southeastem Alaska'(Karlstrom, 1964;-Goldthwait, 1963; Preston et al., 1955), in 

the Coast Ranges of‘British Columbia (Lowdon et al., 1971), in the Brooks Range of

I
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northem Alaska (Porter, 1964), in the La Sal Mountains in Utah (Rubin and Suess, . 

1955) and in the Andes in Patagonia (Mercer, 1970). 
_

" 

. 
_ V _ 

The errors in the various radiocarbon dates documenting alpine glacial 

readvance vary from 50 to 200 years (Denton and Karlén, 1973); the errors on the 

radiocarbon dates from this study vary from 140 to 380 years. Within these. 

uncertainties, the positive isotopic excursion seen in our data corresponds precisely with 

this major interval of Holocene alpine glacier expansion (third phase of Neoglaciation). 

Denton and Karlén (1973) noticed that these glacial advances corresponded to a short - 

term period of high "Cr activity, and suggested that the cold interval was related to .- 

reduced solar activi_ty. Other paleocli_ma_te records, such as pollen profiles and deep - 

sea coré$. do not record this short - term cold interval. 4

' 

~ Denton and Karlén (1973) explained that the pollen and deep -.sea records \_ 

emphasize low - frequency climaticichangesat the expense of higher - frequency 

variations. Small alpine glaciers, outside of high polar areas, react relatively quickly to 

climatic change, with a small time lag. They also pointed out that the Little Ice Age, a 

marked event’ of climatictdeterioration beginning in the 16”‘ century, is rarely seen in 

pollen profiles and deep »- sea records, but is readily documented by alpine_g,lacier 

moraines. 

Grossman and Ku (1986) reported that an increase of about 0.2'5°/so in the oxygen 

isotope composition of biogenic aragonite reflects a decrease of 1 °CVin ambient water, 

if the isotopic composition of the water remained constant. The 2%» excursion in the ' 

6"’O values at 3.0 ka recorded here, if attributed solely to temperature changes, would 

reflect a lake - water temperature drop of about 8 °C, which i_s an unlikely possibility.
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Other studies of biogenic carbonate from the Great Lakes have shown that 

oxygen isotopic values tend to decrease rather than increase during glaciation because 

nearby glaciers give rise to isotopically light meltwater and isotopically light precipitation 

(Lewis and Anderson, 1992; Rea et al., 1994, 1994a). Nevertheless, because the ice 

sheet was remote from the Great Lakes _during the third phase of the Neoglaciation, it is 

not improbable that the cli_matlc effects on Lake Erie may have produced a positive, 

instead of a.negative, isotopic signature. "This signature would reflect factors such as 

enhanced evaporation of surface waters that would accompany cooler, drier times in the 

northern hemisphere, as well as temperature changes. A temperature decline would 
decrease local humidity, leading to-a greater evaporative shift in isotopic values. 

- 

" 

- Carbon Isotope Record ‘ 

The 6°C values for all species (Figure 3) generally show an overall increase 
from 4.6 ka to present. The 6'30‘ values for -Sphaerium striatinum show roughly the

~ 

same pattern. Two additional S. striatinum collected from grab samples of surficial
_ 

sediments from Chio waters of the Sandusky sub-basin of western Lake Erie were 

found to have 67°C values of -0.57%» and —0.60°/>» (Tevesz, Fulileir, and Spongberg, 

unpublished data). 
V 

_

5 

,
. 

Fritz et al. (1975) describe a trend of increasing '6‘°C values from around 9 ka to 

present, similar to our findings (Table 2). Fritz et al. (1975) explain the relatively low 

61°C valuesas probably reflecting the presence of abundant organic matter which 

through respiration or decay would add "C enriched CO, to the water. As the lake grew 
larger and deepened, 6‘3C values rose, as this effect became diluted in greater water 

volumes or as the lake received more "C enriched CO2 from either atmospheric



sources or methane rich bottom sediments caused by the long term accumulation of 

organic matter. 
" 

"

. 

. 
CONCLUSIONS 

' The oxygen and carbon isotopic history of Lake Erie from 4.6 - 0.2 ka, reported 

here for thefirst time, revealsa pattern of change.‘ 6"C ,gata show an overall increase 

in values during this time interval. This trend may reflect the dilution of isotopically light 

Cozfrom oxidizing organic matter due torising lake levels. .
‘ 

Composite species 6180 data show an almost 2-.0%@ increase followed by a
w 

nearly 12.5%» decrease between 3,3 and 2.8 ka, a trend also evident in analyses of S. . 

stfiatinum only. lf lake levels were rising during this interval because of isostatic 

rebound of Lake Erie's Niagara outlet, as is widely believed, then these changes in 

isotopic values may reflectclimatic changes. Nevertheless, this dramatic isotopic 

excursion might also reflect a pattern of waterlevel changes similar to thosewhich 

apparently occurred around 2 ka earlier during the Nipissing flood. The isotopic 

excursion is correlative with the third phase of Neoglaciation, dated at 3100 - 2400 "C 
_~» . 

yrs BP. This-‘cooling event, akin to the Little lce Age of ‘historic times (the fourth phase 
. . 

_ 

_ 
_ /

~ 

of Neoglaciation), has been widely documented in fluctuations of glacier termini and ' 

shifts in the,tree line. Overall, our new 6‘°O data from the 9 ka .- present reveal a 

general trend of decreasing values and provide a "verification of the findings of Fritz et 

al. (1975). 
'

_ 

' 
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Table 1.‘ Location of cores and “C ages of organics used to dated shells sampled. 

Table 2. Isotopic data from Lake Erie related to age, core, location, elevation, and 

mollusktaxa} " 
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i LIST OF FIGURES » - 
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Figure _1. Location andfsedim_entolog‘y of Lake Erie cores fom which molluscs were - 

collected; Numbers to left of cores indicate depth in core in centimetres, -Shell symbols 

indicate location in cores of the shell samples. '_ 

Figure 2. Oxygen isotope data plotted for all species, 4.6 ka _to 0.2 ka.
_ 

Figure 3; 
_ 
Carbon isotope data plotted for all species, 4.6 ka to 0.2 ka.

' 

Figure 4. Oxygen and carbon isotope data plotted for the bivalve 

Sphaerium striatinum, 3.3 to 1.2 ka.
I 

Figure 5. Water - level curve for Lake Erie.
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