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Kazu Leja is a spectacular up to 42 m deep subglacial valley. Numerous springs are found along slopes 

of Kazu Leja and particularly in Lībāni-Jaunzejmi said ravine. During Holocene (Timšs, 1944) extensive 

freshwater tufa deposits precipitated out of spring waters along the Kazu Leja slopes. These are 

exhausted except for one block in the mouth of the Lībānu-Jaunzemju ravine. There, water from main 

group of springs cascades over up to 6 m high mand-made outcrop of freshwater tufa. In in warm 

summer mornings occasional whitening events in pounds where spring water collects are reported by 

locals, indicting precipitating of carbonates in the water column. Along the flow pass of the springs 

carbonate precipitation can be observed as well. The water from sprigs is collected by River Triečupīte 

and leaves the Kazu Leja through a culvert in railway embankment. 

Kazu Leja is a complex site with plentiful evidences of groundwater discharge. Due to presence of fens 

and petrifying springs it appears to be a complex groundwater depended ecosystem. We set out to 

investigate hydrogeological conditions at Kazu Leja to establish what are interactions between 

groundwater and surface ecosystems there. We installed four groundwater and surface water 

automatic level loggers and conduced five campaigns of ground and surface water sampling to monitor 

its chemical composition including major ions, trace elements, nutrients and water stable isotope 

ratios. In total 47 water samples were analysed, and more than 1700 field and laboratory parameters 

determined in laboratories of Tallinn University and University of Latvia.  

Likely groundwater sources discharging in the Kazu Leja were identified from geological (Popovs et al., 

2015) and hydrogeological (Spalviņš, 2016) models. Springs discharging along slopes of Kazu Leja are 

draining karstified aquifer formed by fissured dolomites of upper Devonian Pļaviņas formation. It was 

speculated that groundwater might discharge from sand interlayers in underling clastic Devonian 

Amata and Gauja formations as well. However, modelled and observed groundwater head in water 

abstraction wells opening in lower part of Gauja formation is below the base of Kazu Leja valley, thus 

groundwater contribution from this source is unlikely. Springs fond in the base of Kazu Leja apparently 

are fed by re-infiltrated water from springs located higher on valley slopes. This is indirectly supported 

by similar stable isotope rations and chemical composition of the springs on valley slopes and base.  

Table 1 

Catchment area and observed average unweighted discharge 

 Catchment area (km2) Discharge (l/s) 

Pļaviņas aquifer Other 

Main group of springs 1.8 0 25.0 

Rest of Kazu leja  1.2 0.8 29.0 

We have estimated the groundwater recharge area for springs using a conceptual approach. First, the 

distribution of impermeable layer at the base Pļaviņas aquifer was modelled. Then Voronoi diagram 

marking the nearest nod point on the distribution border of this layer was constructed. It is assumed 

that groundwater will flow to the nearest point where the near horizontal impermeable layer reaches 

sub-Quaternary surface. Each Voronoi polygon marks the approximate catchment area of a single point 

on the edge of impermeable layer and respective catchment area can be directly determined (Table 

1).  

Nitrate loading of up to 50 mg/l and average 36.3 mg/l were found in the water from main group of 

springs, indicating heavy nutrient leaching from arable lands. The corresponding unweighted average 
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intensity of nitrate leeching is approximately 176 kg ha-1 year-1. This is roughly equal to average 

nitrogen fertilizer use in Latvia in 2012-2015 expressed as nitrate equivalent: 146 kg ha-1 (Vides 

aizsardzības un reģionālās attīstības ministrija, 2016). 

Our monitoring program do not cover all the springs discharging in the Kazu Leja, however land use 

and geological conditions for catchments of all the springs are similar. Therefore, we can speculate 

that the water composition in non-observed springs are is similar. If so, then noticeable retention of 

reactive nitrogen takes place in the wetlands at the base of the Kazu Leja during the warmer season of 

the year, as the nitrogen load in the outflowing water – River Triečupīte – is moderate compare to that 

observed in springs (Figure 1).  

 

Figure 1. Average concentration in nitrate (NO3
-) during warm season;  

May, July, September, 2019 in spring and receiving surface waters of Kazu Leja 

The research is carried out within the project “Joint management of groundwater dependent 

ecosystems in transboundary Gauja-Koiva river basin” (GroundEco, Est-Lat62) funded by ERDF Interreg 

Estonia-Latvia cooperation program. We are grateful to our partners at Institute of Ecology, Tallinn 

University for providing chemical composition analyses of the water samples.  
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