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Text S1: Flux Scaling 

Drainage basin delineation was performed in ArcGIS version 10.5.1 using a DEM 

derived from 1-m base earth lidar (OCM Partners 2020). The ‘pour point’ for the drainage basin 

delineation was placed at the outflow of the main creek adjacent to sites 1 and 2 (Figure 1). 

Elevation data was binned in 2 cm intervals to determine the percentage of the drainage basin 

area represented by discrete elevation ranges (e.g., 14 – 16 cm, 16 – 18 cm, 18 – 20 cm). 

Horizontal distance from the tidal creek was used as an additional scaling metric to quantify the 

percent area of each drainage basin represented by the creek, mid and interior stations. 
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Porewater exchange is estimated for specific zones of each marsh. Coring stations were 

designated as creek (1.5 m), mid (7.5 m) and interior (14 m) for marsh sites 1 and 2 based on 

horizontal distance from the nearest tidal creek. To estimate porewater exchange for the entire 

drainage basin, each station must be scaled to the area of the drainage basin that it represents. For 

interfacial fluxes, we use lidar elevation data (e.g., Figure 1) to determine the percent area of 

each drainage basin within a given elevation range (Table S1). For deep lateral fluxes, distance 

from the tidal creek is used as a scaling metric, where we assume that the creek station 

encompasses all lateral flow at depth (Table S1). The interconnectivity between the marsh 

interior and the creek (e.g., Figure 3b) suggests that deep, lateral flow within the marsh interior 

will ultimately pass through the “creek” station sediments. The mid and interior coring stations 

thus represent increasingly smaller proportions of the total marsh drainage basin (Table S1).  

 

Text S2. Water level measurements 

Marsh porewater levels were monitored during the fall 2019 sampling period. Slotted 

PVC wells containing water level loggers (Onset) were manually inserted into the marsh 

sediment at the “mid” station (site 1). A second logger was installed at the “creek” station but 

failed to record accurate water level data. Barometric pressure data was simultaneously measured 

at the nearby Waquoit Bay meteorological station (WQBCHMET), part of the National Estuarine 

Research Reserve System and used to correct the water pressure measurements. Head elevation 

measurements (site 1, mid station) varied over hourly, daily and weekly intervals, but did not 

appear to be influenced by the tides (Figure S2a). Marsh porewater head decreased 

approximately linearly from 0.64 m to 0.37 m over a ten-day period (11/5 to 11/15), or 2.5 cm d-

1. Horizontal hydraulic gradient was calculated as the difference in water elevation between the 

mid station and the tidal creek divided by the 7.5 m horizontal distance (Figure S2b). Changes in 
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horizontal hydraulic gradient were effectively traced by changes in the tidal creek 224Ra/226Ra 

activity ratio (Figure S3). 

 

Table S1. Marsh sampling stations and results from GIS elevation and distance analyses. 

Marsh Station Elevation 

Distance from 

creek 

% area of basin - 

Surface 

% area of basin - 

Lateral 

    m m     

Marsh 1 Creek 0.143 1.5 39 100 

 Mid 0.175 7.5 37 66 

 Interior 0.205 14 19 47 

Marsh 2 Creek 0.169 1.5 57 100 

 Mid 0.185 7.5 17 47 

  Interior 0.219 14 13 24 

 

 

Table S2. Summary of seasonal porewater DIC endmembers from marsh site 1. 2015 – 2016 

data from Brooks et al. (2020), representing saline porewaters collected within the marsh peat. 

2018 – 2019 data from this study (Tamborski, 2020). 

Time Period Mean DIC STD n 

  mM mM   

Jul-15 5.7 1.6 10 

Oct-15 9.7 2.6 9 

May-16 4.7 2.4 9 

Jul-16 7.2 2.4 21 

Nov-16 6.3 3.2 9 

Dec-18 5.3 2.3 8 

May-19 4.0 3.1 22 

Jul-19 8.2 2.8 30 

Oct-19 7.8 3 17 
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Figure S1. Comparison between modeled and measured DIC concentration. Predicted 

concentrations for December and July use the tidal creek multiple linear regression model of 

Wang et al. (2016); predicted concentrations for June and October use the tidal creek multiple 

linear regression model of Chu et al. (2018). The dashed black line has a slope of 1. Measured – 

predicted DIC standard deviations are ±80 µmol kg-1 for December (n=13), ±57 µmol kg-1 for 

June (n=10), ±90 µmol kg-1 for July (n=10) and ±17 µmol kg-1 for October (n=7), 
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Figure S2. Fall 2019 time-series of marsh head elevation (site 1 mid station; 7.5 m from tidal 

creek), tidal creek water elevation and a 12-hr running average of air temperature (A); horizontal 

hydraulic gradient and precipitation (B). Meteorological data from station WQBCHMET, 

Waquoit Bay, National Estuarine Research Reserve System. 

 

 

Figure S3. Hourly variation in tidal creek 224Ra/226Ra activity ratio, water elevation and 

horizontal hydraulic gradient during a fall tidal cycle (10/30/2019).  

 


