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Appendix A: Geological features

Yongpyong Ski Resort is located in Daegwallyeong, Pyeongchang (Figure 1a). In the
Pyeongchang area, the Carboniferous-Triassic Pyeongan Supergroup, which is unconformably
underlain by Ordovician Jeongseon limestone, is widely distributed. The sedimentary
sequences of the group are subdivided into the Manhang, Guemcheon, Jangseong, Okgapsan,
Sangwonsa, and Bakjisan formations in ascending order and are mainly composed of thick
sandstones with thinly intercalated shale, coal and limestone in the lower part. The Jurassic
granite, which intrudes into the Jeongseon limestone and Pyeongan Supergroup, occurs as
coarse-grained, equigranular biotite granite and porphyritic biotite granite with alkali feldspar

phenocrysts.
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Table S1

Statistics of field parameters and ion concentrations.

Sample (1) oH EC? Ca Mg Na K Si Sr  HCO® F Cl  NO»-N SO
(uS/cm) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

Min 72 1139 1183 197 375 077 278 007 2074 000 817 262 829

Stream  Max 7.6 5149 4556 628 29.83 342 523 032 6297 0.0 9250 571 14.74
(;Va:tesr) Mean 74  219.6 2045 3.16 911 1.8 347 013 3559 004 2415 3.95 1132
SD° 0.1 1665 1275 164 1018 097 092 0.0 1487 005 3357 138 245

Min 78 979 1012 086 093 008 157 005 1463 000 4.06 261 312

Mountain  Max 93 1498 1636 1.61 208 036 236 008 2636 0.16 944 464 1262
%}l’n,lldj ?tze)r Mean 87 1140 1387 124 161 024 207 006 2122 002 736 399 550
SD 05 149 159 026 028 009 023 00l 306 005 150 067 236

Min 61 979 899 221 514 078 299 0.1 3349 000 301 000 353
Grr?%dﬁe Max 90 9760 112.50 1747 5231 2.05 938 467 16523 098 20328 936 5191
32) Mean 7.0 4774 5408 7.84 1478 150 670 0.64 8540 0.16 7563 3.17  16.61
SD 06 2806 3318 453 1004 030 197 100 3800 025 6569 203 993

Min 92 2649 2324 570 1155 253 509 0.6 4393 003 3427 511 1453

Artificial  Max 94 2753 2485 594 1273 258 511 017 5418 003 3895 543 1517
(Zn:vzv) Mean 93  270.1 24.04 582 1214 255 510 016 49.06 0.03 3661 527 1485
SD 01 74 L14 017 083 004 00l 00l 725 000 331 023 045

Min 54 7.1 000 000 047 015 000 000 041 000 0.16 005 000

Natural  Max 81 1292 351 033 187 035 000 000 696 006 38 131 399
(Zn:vsv) Mean 65 540 172 019 098 025 000 000 385 002 198 067 199
SD 10 473 157 018 058 0.0 000 000 278 003 159 058 177

Min 38 236 054 000 038 012 000 000 000 000 076 000 046

Rainwater Max 69 1748 1421 232 1304 865 106 007 2978 0.60 1546 599 1291
(n=6) Mean 59 1149 513 071 398 203 020 002 1269 020 548 168 503
SD 15 661 637 095 544 331 042 003 1338 026 661 247 593

*EC: Electrical conductivity

"HCOs = Total alkalinity

¢SD: Standard deviation
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Table S2

Information relating to snow samples and in-sifu measurements.

Sample Code

Date

Depth (cm)

Density (kg/m Liquid water

%) content (%)
Artificial snow® AS-L1 2021-02-04 60 800 10.6
AS-L2  2021-02-04 90 847 11.6
NS1-L1  2021-02-04 5 70 5.7
NS1-L2  2021-02-04 15 117 7.4
NS1-L3  2021-02-04 25 146 8.2
Natural snow® NS1-L4  2021-02-04 35 258 7.7
NS2-L1  2021-03-03 0 (surface) - -
NS2-L2  2021-03-03 20 346 4.3
NS2-L3  2021-03-03 65 908 10.7

*Artificial snow: 100-cm snowpit

"Natural snow: 50-cm (2021-02-04) and 85-cm (2021-03-03) snowpit



39  Table S3

40 Isotopic compositions of samples collected from September 2020 to August 2022.

Sample Code Date §"0-H0  §*H-HO NOs;-N I’N-NO3 180-NOs

(%o) (%o) (mg/L) (%o) (%o)

SW-1  2020-09-25  —9.32 —61.35 3.16 7.99 0.54

SW-2  2021-02-04  —10.01 ~66.95 571 12.84 3.43

Stream water ~ SW-3  2021-05-21 —9.62 ~63.53 2.62 8.30 1.04

SW-4  2021-11-10  —10.04 —67.32 5.66 9.94 0.60

SW-5  2022-08-02  —9.81 —65.42 3.62 9.72 2.40

WI-1  2020-09-25  —10.56 ~70.00 4.29 7.08 2.05

W12 2020-11-03  —10.58 ~70.01 4.60 6.51 1.60

Groundwater ~ WI-3  2021-02-04  —10.67 ~70.72 4.43 7.05 2.50

(W1) Wi-4  2021-0521  —10.60 ~70.12 4.40 7.29 ~1.69

WI-5  2021-11-10  —10.53 -69.58 3.09 6.45 2.04

WI1-6  2022-08-02  —10.56 -70.33 4.13 6.82 3.15

W2-1  2020-09-25  —10.67 ~70.91 3.91 7.22 2.30

, W22 2020-11-03  —10.73 ~71.32 3.16 6.81 1.68

Mountain W2-3  2021-02-04  —10.76 ~71.65 4.55 6.61 2.92

gro‘(l{;‘vigater W2-4  2021-05-21  —10.74 ~71.08 4.64 777 1.10

W2-5  2021-11-10  —10.69 ~71.05 2.62 6.92 8.47

W2-6  2022-08-02  —10.72 —71.27 4.03 6.83 2.73

Artificial snoy ASL1 2021-02-04 895 —62.28 5.11 9.88 3.39

AS-L2  2021-02-04  —9.20 —64.32 5.43 10.69 1.89

NSI-L3  2021-02-04 - - 0.98 6.31 77.80

NSI-L4  2021-02-04  —13.94 -81.29 1.30 5.53 76.28

Natural snow  NS2-L1  2021-03-03  —12.69 —88.75 0.05 - -

NS2-L2  2021-03-03  —12.75 -89.23 0.06 - -

NS2-L3  2021-03-03  —11.46 -63.51 0.96 - -

, RW-H1  2021-02-04 - - 3.36 8.34 66.80

Rainwater — pyo o 20210521 ~13.97 9670 ND*® ] ;
(High altitude)

RW-H3  2022-08-02  —11.72 -81.58 0.44 2.12 17.87

, RW-L1  2021-02-04 - - 5.99 5.70 86.09

Rainwater — pew 1o 2021-0521  ~11.48 -77.52 0.24 . -
(Low altitude)

RW-L3  2022-08-02  —10.48 ~75.58 0.06 - -

41 ®ND: not detected



42 Table S4

43 Typical values of 8'°N and 880 of nitrate derived or nitrified from various N sources.
Source 31N-NO3 (%o) Reference 58 0-NO3 (%o) Reference
Atmospheric _ +25 to +85 Kendall et al.,
depositions 1010415 Kendall, 1998 (AgNOs method) 2007
NO;™ fertilizer —5to+5 Wassenaar, 1995 +17 to +25 Xue et al., 2009
. .
NH¢in fertilizerand ¢ 1160 Hiibner, 1986
precipitation
Soil NH4* 0to+8 Xue et al., 2009
4 1510415 Kencéa(l)l(l);:t al.,
Sewage +4 to +19 Xue et al., 2009
Manure +5 to +25 Xue et al., 2009
44

45



46 Table S5

47 End-member isotopic composition affecting nitrate sources of mountain groundwater.

8'SN-NOs3 (%o) 3'30-H20 (%o)
Source
Mean SD Mean SD
Artificial snow (n = 2) 10.28 0.57 —9.08 0.17
Natural snow (n =4) 5.92 0.55 -12.71 1.01
Rainwater (n = 1) 2.12 - -11.7 -

48



Figure S1. Snowpit dug into the surface of snowpack on the mountain summit in March 2021.
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