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S1 Methods
S1.1 Site description: Characteristic soils and catena
The low-hill terrains and slopes are covered with chestnut soil, which is the most common soil type in the area (Qi et al., 2008). Chestnut soils correspond to Kastanozems and Calcisols in the World Reference Base for Soil Resources (WRB) classification (Canarache et al., 2006) and are formed on carbonaceous rocks under feather-grass and wormwood cover. Analyses of the topsoil samples taken in 2012 showed that the pH ranged between 7.3 and 9.9. The content of soil organic matter was between 0.5 and 3.4 %. Undisturbed floodplains are covered with alluvial-sod soils (Nogina, 1990), which correspond to fluvisols in the WRB classification. These soils are also non-acidic with pH between 7.5 and 8.4, containing 2.0 to 2.2 % of soil organic matter. However, the alluvial soils have to large extent been destroyed by placer mining in the study area. The gold-bearing material is commonly extracted at depths ranging from two to eight meters below the top part of the alluvia (Karpoff and Roscoe, 2005). As a consequence, the topographically lowest part of the catena consists of residual natural fluvisols and technosols of mining dumps. The composition and properties of technosols vary since they are considerably influenced by human processing and transport (Rossiter, 2007). In the study region they are carbonaceous with low organic matter content. Large areas of unconfined alluvial aquifers within the Tuul River valley also contribute to high connectivity between groundwater and surface water.

S1.2 River discharge, mass flows and hydro-meteorological data
Water was sampled just below the surface, in plastic polypropylene bottles (500 ml) and then transferred into two high-density polypropylene test tubes (10 ml). One sample remained unfiltered whereas the other sample was filtered through a sterile pore membrane filter (0.20-µm). All the sampling containers and filters were rinsed thoroughly with the sampled water before collecting the sample. In the 2013 campaign, three replicates of both the filtered and unfiltered samples were collected. The samples were acidified (1 %) with concentrated HNO3 (65 %) to preserve them for analysis and prevent the precipitation of metals.
All the samples were analysed at Stockholm University. The concentrations were determined by inductive coupled plasma optical emission spectrometry (ICP-OES) with a Thermo iCAP 6500 Duo analyser to determine the contents of the following elements: Al, As, Cd, Cr, Cu, Fe, Mn, Mo, Pb, Sr, V and Zn. The sample analysis followed standard procedures using a micro-concentric nebulizer and, in some cases, an ultrasonic nebulizer, CETAC USN U5000AT+, to obtain better detection limits. 
The discharge measurements were made by boat. The velocities were measured with a hydrometric propeller (ISP-1) at 0.6 m depth (from the surface) at each width increment. The discharge of each cross-section was calculated according to Eqs. (1) and (2):  

			(1)
where 𝑉𝑛 is the velocity of each width increment and 𝐴𝑛 is the area of each rectangular subsection using the trapezoidal rule. 𝐴𝑛 is calculated using the following equation:

		(2)
The coefficient 𝑘 in Eq. (1) is used when the expression is applied to non-steep banks; here, 𝑘 is equal to 0.7 (Bykov and Vasil'ev, 1972). In Eq. (2), d is the depth of each subsection and b is the distance from the bank.  
The discharges, Q, were multiplied with the concentrations, C, according to Eq. (3) to yield estimates of the dissolved and total metal mass flows, 𝑀𝑓, for the two cross-sections (T5b, T6) along the Tuul River. 
				(3)

The calculation of the effective precipitation (Peff) was made in two steps. First a runoff-to-precipitation ratio X =R/P=(P-Ea)/P was estimated, in which Ea was estimated using to Turc (1954) 
			(4)
where P and Ep were taken from the CRU-dataset as explained above. The resulting Ea –value (that constituted approximately 90% of P) was checked against (and found to be consistent with) independent Ea estimates of Li et al. (2007). Second, Peff was estimated as:
 			(5)
where A is the area of the drainage basin upstream of the river discharge measurement point. 

S1.3 Soil textural analysis
The 20 samples taken in June 2012 were dried at 60° C and used in analyses of texture and metal concentration. The soil textural analysis was carried out using a laser diffraction granulometer (Analysette 22; Fritsch, Germany).  Sand, silt and clay fractions were separated and defined using standard USDA particle size limits (USDA, 1987). Different textural classes were also identified according to USDA standards and used as a basis in creating the soil map of the region (see Section S1.4). Five additional soil samples were taken in August 2014 and March 2015 to extend the sampled area, for instance including high elevation regions. Metal concentration analyses were not carried out on these samples which allowed drying at higher temperatures (90° C). The silt and clay fractions of these five samples were estimated based on their fraction of sand (separated from the finer soil fractions using sieving), assuming (for the fractions finer than sand) the same average silt-to-clay ratio as in the original 25 samples. Rock fragments were also identified.

S1.4 Distribution of the soil texture classes over the studied area 
We used the following steps to create a soil texture map, in which a soil textural class (soil type) is assigned to each location (raster cell) of the study area. Different soil properties were distinguished using a combination of LANDSAT bands 1, 5 and 7 (Boettinger et al., 2008; Liao et al., 2013), based on the principle that different mineral assemblages and textures of soils are characterized by different spectral reflectance. The adopted combination of LANDSAT bands was previously used by Nield et al. (2007) in classification of gypsum soils in arid rangeland areas in the USA (Colorado Plateau). The LANDSAT images covering the study area were extracted for year 2014 and the month of May since vegetation cover is low at that time (USGS, 2014); this part of the procedure is consistent with e.g. Ahmed and Iqbal (2014). Using signature files in ArcMap 10.1, groups of representative spectral values of the selected LANDSAT bands were identified and related to different soil types based on the known textural classes (Section S1.3) at the locations of the 25 acquired soil samples. The identified groups of spectral values were then distributed over the domain using multivariate statistical analyses (maximum likelihood in ArcMap 10.1) of the multiband LANDSAT image (bands 1, 5 and 7).

S1.5 The WATEM/SEDEM model 
Model estimates of soil delivery were based on three components: (1) estimation of soil erosion, (2) estimation of sediment transport capacity and (3) routing of the sediment load. Additionally, to assess transport and mass delivery of heavy metals, the modelled soil erosion characteristics were linked to the observed spatial patterns of heavy metal concentrations in soil. A similar application of the WATEM/SEDEM model was previously presented by Jordan et al. (2009).

The model calculations were carried out using the programming language R at 25 m pixel resolution, following the modelling steps described by Van Rompaey et al. (2001). The soil erosion input was firstly estimated using the Revised Universal Soil Loss Equation (RUSLE; Renard et al., 1997), modified by Desmet and Govers (1996a):

					(6)

where E is the mean annual soil erosion (kg m-2 yr-1), R is the rainfall erosivity factor (MJ mm m-2 h-1yr-1) , K is the soil erodibility factor (kg h MJ-1mm-1), LS2D is the two dimensional slope and slope-length factor (-), C is the crop/vegetation and management factor (-) and Per is the erosion control practice factor (-).The erosion control factor Per was set to 1.The two-dimensional slope length factor LS2D was calculated using the algorithm described by Desmet and Govers (1996b): 


							(7)

where Li,j is the slope length factor for a pixel with coordinates i and j (-), Ai,j is the contributing area at the inlet of a pixel (m2), Di,j is the pixel length (m), αi,j is the aspect direction for a pixel (-), m is the slope length exponent (-) calculated as , where , in which θ the slope angle of a pixel (rad), and  

S was calculated according to McCool et al. (1987):
	


						(8)

Estimates of local (pixel scale) sediment yields and net erosion/deposition rates were based on the transport capacity of overland flow which was estimated using (Van Rompaey et al., 2001):

						(9)

where TC is the transport capacity (kg m-2yr-1), ktc is a transport capacity coefficient (m) and s is the local slope gradient (m m−1).

The sediment was routed down to the nearest stream. The routing was carried out using a single-flow algorithm (Desmet and Govers, 1996a). Pixel-based sediment yield and net erosion/ deposition rates were estimated based on the balance between the input of sediments eroded in adjacent (upgradient) areas, the local soil erosion E and the local transport capacity TC. The sediment input to the stream was finally estimated from the sum of sediment yields from all cells next to the stream channel network. The heads of the stream channels were defined using a constant flow accumulation method (Heine et al., 2004) and they were located after a maximum of 1 km2 of the accumulated flow area. The value of ktcmax was set to 75 m for bare soils and ktcmin was set to 42 m for vegetated soils, which for instance is consistent with Van Rompaey et al. (2001).  

Transport, net erosion and net deposition of heavy metals were estimated with the WATEM/SEDEM model, based on pixel scale estimates of heavy metal input from erosion at upgradient areas, the local erosion and TC. First, the initial mass of each heavy metal was calculated at the pixel scale by summing the inflowing and locally eroded (from the mass erosion potential) masses. Thereafter, the sediment mass outflow from each pixel was estimated using the sediment transport model and a corresponding part of the initial mass of each heavy metal was transported downstream. To estimate the sediment and heavy metal mass input into the Tuul River per unit of a stream length, the calculated sediment yield and mass input of all considered heavy metals were divided by the length of the Tuul River reach constrained by the modelled sub-basin.

S1.6 WATEM/SEDEM model settings and application 

The soil erodibility factor K was estimated using an universal regression equation developed by Römkens et al. (1986) and modified by Renard et al. (1997):

		(10)

where K is the soil erodibility factor (t h MJ-1mm-1) and Dg is the geometric mean weight diameter of the primary soil particles: 

 				(11)

where, for each particle size class, di is the maximum diameter (mm), di-1 is the minimum diameter and fi is the corresponding mass fraction (Van der Knijff et al. 2000). Additionally, the resulting K values were corrected for soils in which the rock volume exceeded 15% by use of the correction factor CF=K(1-Rf) where Rf is the fraction of rock fragments in the volume of the topsoil (Sepaskhah et al., 2004). Lastly, the units of the Rm and K were scaled to match the resolution of the raster data used in the modelling. The crop/vegetation and management factor C was calculated for each analysed month using an equation developed by Cai et al. (2000) and used for semiarid areas in China (e.g. Fu et al. 2011):

 
 	(12)
 

where fv is vegetation coverage (%; Gutman and Ignatov, 1998) that is calculated using the Normalized Digital Vegetation Index (NDVI) for the analyzed area:

							(13)

where NDVImax and NDVImin are the regional maximum and minimum values of NDVI representing the NDVI signals for green vegetation and bare soil respectively. 
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