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RAMP lakes in northeastern Alberta — Evidence of potential
for groundwater and surface water interaction
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Introduction

Lakes in the boreal forest are important to understand and preserve as they serve as wildlife
habitat, provide water supply to communities, fishing, and because they promote development
and recreation (Mitchell and Prepas, 1990). A number of previous studies have focused on water
balance and geochemistry of lakes in the region with the purpose of understanding and monitoring
potential sensitivity to forest management practices (e.g. Prepas et al., 2001; Gibson et al., 2002;
Devito et al., 2005; Smerdon et al., 2005), surface/groundwater interaction (Schmidt et al., 2010),
and acidification due to deposition of sulfur and nitrogen compounds related to Alberta Oil Sands
development (Gibson et al., 2010a,2010b). Previous isotopic assessments have established that
hydrology and geochemistry of lakes and watersheds may also be controlled by permafrost thaw,
which serves to buffer acidification (Gibson et al., 2015, Gibson et al., 2016, Gibson et al. 2019).
A recent trend analysis has indicated widespread pH increase in lakes over the past two decades
that may be occurring due to climatic shifts including permafrost thaw and bog/fen collapse (see
Gibson, 2019; Gibson et al., 2019), although the role of groundwater/surface water interaction
has yet to be thoroughly evaluated. Groundwater recharge, surface water/groundwater
interaction and permafrost thaw are expected to leave geochemical fingerprints on lake water
similar to that noted for area rivers (Jasechko et al., 2012; Gibson et al., 2013; Birks et al., 2018,
2019) and may play a direct or indirect role in controlling the pH of runoff and/or lake water. Here
we explore the hypothesis that changes in pH may be related to changes in the carbonate
equilibria mechanisms operating in the watershed system including the effect of mobilization of
dissolved inorganic carbon (DIC) from collapse fens to lakes (Gibson 2019). As a first step in this
investigation, we present results of a hydrochemical evaluation conducted in 50 lakes situated in
the northeastern region of Alberta, Canada that have been monitored by the Regional Aquatics
Monitoring Program (RAMP). Bilinear plots and PHREEQC-derived saturation indices were used
to gain a better understanding of the natural potential geochemical processes including those
potentially leading to the observed pH changes in the lake water. We provide a basic overview of
geochemical controls including initial evidence that geochemical changes in the lakes may also
reflect regional groundwater/surface water interaction due to changes taking place in watershed
recharge zones and recent climatic shifts. This assessment is based on analysis of data collected
over a 17-year period (1999 and 2015) as part of the RAMP database.

Site location and methods

The lakes are located within the boreal plains and boreal shield regions of northeastern Alberta
(Figure 1). The monitoring program has included 40 lakes situated within a 200 km radius from
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the Oil Sands development region, five lakes situated in the Caribou Mountains and five lakes
located north of Lake Athabasca (Figure 1). A review of major ions and ion balance errors (IBE)
calculation was conducted (Aguachem ver. 2014.2) followed by calculation of saturation indices
(PHREEQC ver. 3.5.0.14000). Additionally, to facilitate construction of bilinear diagrams (Figure
2), we substituted values equal to half of the detection limit (0.5DL) in place of zero values for
several minor ions in the database.

Results and conclusions

A significant number of waters were identified with large IBE values (Figure 2a). The large ion
balance errors (IBE) values observed are frequent in waters with high concentrations of dissolved
organic carbon (DOC) and organic acids (Reeve et al, 1996). Large negative IBE values show a
positive relation with dissolved organic carbon indicative of cation imbalance. Metal
complexations (cation binding to organic matter) is frequent at high DOC concentrations (Tipping
1998) and at high pH, possibly causing high negative imbalance errors in these waters. Based on
the bilinear relations, the main hydrochemical processes observed in the lake’s waters are organic
matter dissolution (Figure 1a) which contributes to the alkalinity and Total Dissolved Solids (TDS)
concentration. Peatland forms leave a clear signature in the RAMP lakes water chemistry. Lower
range alkalinities appear to be largely controlled by DOC dissolution (Figure 2b), and basification
of lakes appears to accompany collapse of bog plateaus altering delivery of dissolved solids
(Gibson 2019), whereas high alkalinity concentrations appear to be controlled by carbonate
dissolution processes that might be taking place in shallow groundwaters surrounding the lakes
(Figure 2c). Calcite dissolution appears to generate four times more bicarbonates than organic
matter dissolution, thereby proportionately increasing alkalinity in several lakes (Figure 2d). While
our calculations are based on lake water chemistry, they reflect the influence of contributions from
surface waters and groundwater inputs as well as discharge processes. Overall, while DOC
dissolution controls the acidic to circumneutral pH range, carbonate dissolution clearly controls
lake water pH in the alkaline range (Figure 2e). We also note that carbonate dissolution appears
more prevalent for lakes situated in low elevation areas, whereas lakes with low pH and with high
DOC tend to be situated in higher elevation areas. A one-time assessment of carbon-13 in DIC
of lake water confirms that high alkalinity waters tend to be dominated by marine carbonate
sources whereas low alkalinity waters are dominated by DOC sources. One complicating factor
in this interpretation is that methanogenic DIC may also be present (Figure 2f). Recommended
future work includes surface/groundwater interaction studies supported by additional water and
carbon isotope analysis combined with soil mineralogy to confirm the presence of controlling
mineral phases including calcite precipitate.

Acknowledgements

References

Birks, S.J., Fennell, J.W., Gibson, J.J., Yi, Y., Moncur, M.C., Brewster, M., 2019. Using regional datasets of
groundwater isotope geochemistry to evaluate conceptual models of groundwater flow in the Athabasca Region.
Applied Geochemistry, https://doi.org/10.1016/j.apgeochem.2018.12.013.

GeoConvention 2020



,', geoconvention

Virtual Event
September 21-23

Birks, S.J., Moncur, M.C., Gibson, J.J., Yi., Y., Fennell, W.J., Taylor E.B., 2018. Origin and hydrogeological setting of
saline groundwater discharges to the Athabasca River: Geochemical and isotopic characterization of the hyporheic
zone. Applied Geochemistry, https://doi.org/10.1016/j.apgeochem.2018.09.005.

Devito, K., I. Creed, T. Gan, C. Mendoza, R. Petrone, U. Silins & B. Smerdon. 2005. A framework for broad-scale
classification of hydrologic response units on the Boreal Plain: is topography the last thing to consider? - Invited
Review. Hydrol. Process., 19: 1705-1714.

Gibson, J.J., 2019. Permafrost Thaw as a Mechanism for Widespread pH Increase in Boreal Lakes: Isotopic and
Geochemical Evidence. AGU Fall Meeting, 9-13 Dec. 2019, San Francisco

Gibson, J.J., Yi, Y., Birks, S.J., 2019. Isotopic tracing of hydrologic drivers including permafrost thaw status for lakes
across northeastern Alberta, Canada: a 16-year, 50-lake perspective. Journal of Hydrology Regional Studies 26,
100643. https://doi.org/10.1016/j.ejrh.2019.100643

Gibson, J.J., Birks, S.J., Yi, Y., 2016. Higher tritium concentrations measured in permafrost thaw lakes, northern
Alberta, Hydrological Processes 30: 245-249, http://dx.doi.org/10.1002/hyp.10599

Gibson, J.J., Birks, S.J., Yi, Y., Vitt, D., 2015. Runoff to boreal lakes linked to land cover, watershed morphology and
permafrost melt: a 9-year isotope mass balance assessment. Hydrological Processes 29, 3848-3861,
http://dx.doi.org/10.1002/hyp.10502.

Gibson, J.J., Fennell, J., Birks, S.J., Yi, Y., Moncur, M., Hansen, B., Jasechko, S., 2013. Evidence of discharging
saline formation water to the Athabasca River in the northern Athabasca oil sands region, Canadian Journal of Earth
Sciences 50: 1244-1257 (2013) http://dx.doi.org/10.1139/cjes-2013-0027.

Gibson, J.J., Birks, S.J., McEachern, P., Hazewinkel, R., Kumar, S., 2010a. Interannual variations in water yield to
lakes in northeastern Alberta: Implications for estimating critical loads of acidity, Journal of Limnology 69 (Suppl. 1)
pp. 126-134, http://dx.doi.org/10.4081/jlimnol.2010.s1.126

Gibson, J.J., Birks, S.J., Jeffries, D.S., Kumar, S., Scott, K.A., Aherne, J., Shaw, P., 2010b. Site-specific estimates of
water yield applied in regional acid sensitivity surveys in western Canada, Journal of Limnology 69 (Suppl. 1), pp. 67-
76, http://dx.doi.org/10.4081/jlimnol.2010.s1.67.

Gibson, J.J., Prepas, E.E., McEachern, P., 2002. Quantitative comparison of lake throughflow, residency, and
catchment runoff using stable isotopes: modelling and results from a survey of boreal lakes, Journal of Hydrology
262, pp.128-144, http://dx.doi.org/10.1016/S0022-1694(02)00022-7.Gibson, J.J., Yi, Y., Birks, S.J., 2019. Isotopic
tracing of hydrologic drivers including permafrost thaw status for lakes across northeastern Alberta, Canada: a 16-
year, 50-lake perspective. Journal of Hydrology Regional Studies, in press.
https://doi.org/10.1016/j.ejrh.2019.100643.

Gibson J.J, Birks S.J., TYi Y., 2016. Higher tritium concentrations measured in permafrost thaw lakes in northern
Alberta. Hydrol. Process. 30, 245-249 (2016).

Gibson J.J, Birks S.J., TYi Y., Vitt, D., 2015a. Runoff to boreal lakes linked to land cover, watershed mopr[hology and
permafrost melt: 9 -year isotope mass balance assessment . Hydrol. Processes. Journal of Hydrology: Regional
Studies 5 (2016) 131-148.

Gibson JJ, Birks SJ, Yi Y, Vitt DH. 2015. Runoff to boreal lakes linked to land cover, watershed morphology and
permafrost thaw: a 9-year isotope mass balance assessment. Hydrological Processes. DOI:10.1002/hyp.10502.

Gibson, J.J., Edwards, T.W.D., 2002. Regional surface water balance and evaporationtranspiration
partitioning from a stable isotope survey of lakes in northern Canada. Glob. Biogeochem. Cycles 16 (2).
http://dx.doi.org/10.1029/ 2001GB001839.

GeoConvention 2020


http://dx.doi.org/10.1016/S0022-1694(02)00022-7
https://doi.org/10.1016/j.ejrh.2019.100643
http://dx.doi.org/10.1029/

geoconvention
virtual Bvent 2020

TAC * TAH ]

Jasechko, S., Gibson, J.J., Birks, S.J., Yi, Y., 2012. Quantifying saline groundwater seepage in the Athabasca oil
sands region, Applied Geochemistry 27, pp. 2068-2076, http://dx.doi.org/10.1016/j.apgeochem.2012.06.007.
metal ions with humic substances. Aq. Geochem. 4, 3-48.

Mitchell P, Prepas EE. 1990. Atlas of Alberta Lakes. The University of Alberta Press: Edmonton, AB; 675.

Prepas, E.E., Planas, D., Gibson, J.J., Vitt, D.H., Prowse, T.D., Dinsmore, W.P.,Halsey, L.A., McEachern, P.M.,
Paquet, S., Scrimgeour, G.J., Tonn, W.M., Paszkowski, C.A. Wolfstein, K., 2001. Landscape variables influencing
nutrients and phytoplankton communities in Boreal Plain lakes of northern Alberta: a comparison of wetland- and
upland-dominated catchments, Can. J. Fish. Aquat. Sci.58, pp. 1286-1299, http://dx.doi.org/10.1139/cjfas-58-7-1286.

Reeve A, Siegel D., Glaser P., 1996; Geochemical controls on peatland pore water from the Hudson Bay: a
multivariate statistical approach. Journal of Hydrology 181 (1996) 285 -304.

Schmidt, A., Gibson, J.J, Santos, |.R., Shubert, M., Tattrie, K., Weiss, H., 2010. The contribution of groundwater
discharge to the overall water budget of lakes in Alberta/Canada estimated from a radon mass balance, Hydrology
and Earth Systems Sciences, 14, pp. 79-89, http://dx.doi.org/10.5194/hess-14-79-2010.

Smerdon, B.D., Devito, K.J., Mendoza, C.A., 2005. Interaction of groundwater and shallow lakes on outwash

sediments in the sub-humid Boreal Plains region. Journal of Hydrology Journal of Hydrology 314, 246-262.
Tipping, E., 1998. Humic ion-binding model VI: An improved description of the interactions of protons and

Figure 1. Lakes location (after Gibson 2019)

Study Lakes y

* Bog-dominated thaw lakes (Gibson 8.
O Fen-dominated plateau lakes

o Fen-dominated law'and‘hﬁsa oix,

Figure 2 Bilinear plots

GeoConvention 2020


http://dx.doi.org/10.1139/cjfas-58-7-1286

geoconvention
s 2020

H

100 @  Birch Mountains (BM) 100
() caribou Mountains b
a) g (] Eor;ea::olFt.Mc:jx:aytNEj ) @ 2400
@ canadian Shiel
80 © e o 80 ¢ 2000
—_ o® @  West of Ft. McMurray (WF) :T —
< \
> 60 % 60 85 1600
£ £ £ .
O 40 O 40 ;1200
o) Q £
o o = 800
20 20 X~
< 400
0
-120 -80 -40 0 40 80 120
|BE(%) 0 4 8 12 16 20 24 28 32 36
Ca*2 diss. (mg/L)
2400 2
1oy ®
2000 o. @ @
2 0 0 °, ® ge
%ﬂ 1600 o 5 Q 1 ...%J)Q) : o
>1200 K= S, %,
= 8 ©
£ ° -4 O|.3
S 800 o 7S ) o °
== i -4 .&
< 400 ° 6 °
) -5 P
0 T -8 6 L ©
0 10 20 30 40 50 60 70 80 90100 4 5 6 7 8 9 10 24 -20 -16 -12 -8 -4 0
DOC (mg/L) pH (Field) S13C-DIC (%)

GeoConvention 2020



