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Fig. 1 Water flow dynamics of Zhuanhuachi springs (1999-2017)
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Fig.2 Flow duration curve of Zhuanhuachi springs
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Table 2 Water quality dynamics of Zhuanhuachi springs
HPSM Kk L [Ca™] [HCO;] Peo,
(“F/H/H) pH t/°C ps-cm’’ mg-L” mg-L” kPa Ske
2018/9/10 6.7 6.8 1078 248 746 10.25 0.15
2018/9/29 6.7 6.8 1091 224 746 10.28 0.12
2018/10/21 6.6 6.7 1093 / 746 15.00 -0.83
2019/4/20 6.5 6.2 1163 228 715 18.09 -0.17
2019/5/21 6.6 6.3 / 188 873 15.00 0.01
2019/6/20 6.6 6.5 / 192 899 17.28 -0.02
2019/7/20 6.4 7.2 1144 202 831 26.70 -0.24
2019/9/20 6.5 6.8 1101 182 746 16.40 -0.16
2020/6/5 6.4 6.7 1203 175 856 12.80 0.04
2020/7/20 6.6 7 1182 211 823 15.30 0
2020/10/20 6.7 6.5 1114 227 812 11.90 0.11
0. 2019 4F i TF U R HURESR I A 56, B J5A 19 53
50 —paen R B RRR BT 26 . BLAb, K 2018 471 30
j) 40 10 9 H TOC {34 N o3 — A EZE R, W2k A %Ok T
g 301 [ Ui =18 PP 2 B PP B s B, R R A Y 3
0 201\ m\// (G AT AL (— M A TE 15% A7), ERET
N SRR 1 5 Tk e, B AR A B K, 32

NPT D IO DN XD b DD
B NN %“@96 BN %\W@q'oo\\b@’@
W A5 2
5 2018 ERBHIKRESESKN S XRE

Fig. 5 Relationship between total organic carbon content and

that at each monitoring site in 2018
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Y AT LA, R ARt —4 Y TOC H ILBH 2. 1)
SR, HM 2018459 H 10 HE 10 H 9 H =&
FMEIN A5 5, FEAEH 4 5 1Y TOC (HI R4 X i
Y, H TOC {E & KAk 57 mg-L'. 2019 4F, 5 it
FAEF LR KRR MoK | SR K SERE S IR AT RGN,
HTOCE % # FHEZE 2mg L' 24, {0 N 2018 4E
1 10%, TOC 5 # H K . X — IR M JE A ] Gg 5

B BLA—HF, V5 Y T IR, 3 U DT R T
R Fhibih 4 508 . 6 5 I AE A9 07 N 1% A g
A5 YT K R B AR AT -

& 6 24 2018 4F 45 Wi 5 TOC {E-F- ¥R, i
AT, o5 o 98 5 3 SR BE (1205 J50) 77 TR SR s 7
TOC ¥} 26.9 mg-L', B Jp 8 #b % 7K (804 45 ) TOC
A FRMELLT, K 18.87 mg- L™, iZ ML %0 b
) T HAC T % i 3R K S M R A, 2 R ) B e A
O 5 X R 7K, DA A6 3t R B, FL 5 i 2 5 4
PER

T 463 DA A Ry 3% R 43 A 1) = G vk st HE R 5
R 0, K2 1.7 km, TR 22, £ 5
R HA e o LEOR IR K R I, BN 4R
AU/ o FE KR, 5 b 001 A2 B R
TR, T ZTE PR A . UK A ) TR
FE % AR (R], 359 R B AT > MR B 20 9 32 2T B
HHE , RO S AN R R 1 T8 R, YA AN L 3
T 2835 43 7K W R I A ORI By, 32 3 L AR
P4 6] 96 B — N 0.6~1.3 km, KB Z4FFEFUER T
B 3 ) 22 b, SRR T R AL, A I i
U M ERE G R VER T, SR8k A VKA 5 1R
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Table 3 Test results of total organic carbon (TOC) in 2018

. i Slc TOC/mg-L™
9H10H 9H29H 9H10H 9H29H 10[19H

806 e 5 R 0.34 0.08 457 23.5 453
801 LIRSS 0.23 0.09 13.8 49.2 52.6
808 HAL3 5SS R 0.17 0.09 15.4 12.6 13.4
802 HeAbha s ) 0.11 0.18 51.7 514 57.0
803 HAees R 0.12 0.08 57.0 30.7 51.0
804 LV ASREE RSV 0.19 -0.13 16.2 24.5 15.9
1205 BRI AR SRR 0.64 0.47 23.7 25.0 32.0
812 Bl R 0.87 0.64 23.4 15.7 223
811 EHR 0.29 0.24 23.4 13.0 29.0
814 25 IR 0.52 0.76 16.6 21.4 17.0
2402 15523 0.82 0.46 18.7 14.3 22.8
816 T SRR 0.70 0.61 17.0 16.4 20.5
1602 WM TIEK 0.87 0.57 13.5 6.8 11.4
701 PS5 L IR K 0.99 0.62 23.6 255 12.2

ENENANS %@@%@:‘(\9‘) N %\\%\:@q’%\b\@w@\
W A5 2 S
E6 KNS TOC FIHRE(2018 )

Fig. 6 Average concentration of TOC at each

monitoring site in 2018
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Table 4 Main indexes of travertine deposition capacity in the wet season

Fe IS Sle Pco,/kPa HCO; /mg-L™ Ca™ /mg-L™
1 AL SRR -0.24 26.70 831 202.0
2 B -0.06 2.00 278 212.0
3 R A 0.24 7.30 790 194.0
4 ARYRRF 0.39 430 740 183.0
5 PR HZRK 0.20 1.20 401 95.0
6 FWR 0.15 2.20 370 121.0
7 R 5 it 0.46 0.97 494 83.1
8 G = 0.19 1.10 370 96.9
9 JeIRIR 0.48 0.41 327 733
10 L 0.14 0.23 176 43.0

T P g i, A e R IR SCEHTE BURK,
NIRRT AR, T T BRI, SR AR SR L
TN 2 MR 3 AR AR Ak M, TRA K I
5 IR ik BB A, STe T, K b5 il A
B 4 e P AR A, T OR B R IR A5 B . B O7 1tk

PR e KR, O7 O AR R . Peo
S DK A PN i PR 157 2 kPa LT, & 22 R AR
FE2 1 kPa LAT, A2 OB MR Y A6 1AL 22

A1 7(3) TR, TR MR A 5 — D 26 B T R
M, EWOR DAL AR R 85 8 7 T %) 2

S PRI S BB, B — TR BN (R feth 2 B R B ) T AT
O AZ O = XS AE 2 I R K SEARHE AR VL, 2, BT 225 B WUR TIPS AR TR A0 22 A8
0.6 100.0 -
0.5 1
0.4 1
0.3 10.0 -
<
., 021 o>
0.1 g
0.1 X N
0-' N Ao~ Y B o Ny, 1.0- ‘f',' Y- b A~ =
P LN T PR EWR | %R ' l
0.2 1
-0.3 —0.1
(1) Sle #rig7E 1k (2) Peo, iR
900 - - 250
800 -
5y 700 200 -~
& 2
2 600 - 5
N 150 €
= 500 - I
g 400 100 &
& 300 i
ﬂﬁzoo- 50 =
100
0

0 T T . . :
FRACHMURME EWOR 2R JERIR WL
w1 TR AR

BT

(3) FBRIRAR . 585 TRk
B 7 SR N ERBIREEEN

Fig. 7 Changes of main indexes of travertine deposition capacity
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Analysis of water environment dynamic characteristics and travertine deposition
capacity in Huanglong core scenic spots

LIU Xinze', ZHANG Qingmingz, SUN Dongl, TANG Shu’, TIAN Changbaoz,
HUANG Heping’, ZHOU Yaping', XIONG Yuxia', LIANG Xinyu',
FAN Jiajun', FAN Ming', CHEN Hongwei'
(1. Sichuan Geological Environment Survey and Research Center, Chengdu, Sichuan 610081, China;
2. Huanglong National Scenic Spot Administration, Songpan, Sichuan 623300, China )

Abstract The Huanglong scenic area, a World Natural Heritage, is located in the east of Songpan county, Aba
Xizang and Qiang Autonomous Prefecture, Sichuan Province. It is a typical landscape plateau of cold-water travertine.
Water in travertine landscape, as the most important carrier, controls the formation and evolution of travertine. Yuan
Daoxian, Liu Zaihua, et al., from Institute of Karst, Chinese Academy of Geoscience, studied the source, sedimentary
mechanism and influencing factors of the sedimentary process of travertine, which laid the foundation for the
geological study of Huanglong travertine. In recent years, affected by the increasing human activities, the water
environment in the Huanglong scenic area has deteriorated, resulting in local degradation of travertine landscape.
Therefore, this study has been conducted to effectively assess the hydrochemical environment and the deposition
capacity of travertine in Huanglong core scenic spots, and to analyze the change characteristics of hydrochemical field
in these spots, thus providing corresponding support for the subsequent research on technology of travertine landscape
conservation.

The research area covers all the core scenic spots of Huanglong, from Zhuanghua pool to Fujiang river. In this
study, field investigation, water quality monitoring, flow monitoring and analysis of historical monitoring data were
used to evaluate the water environment and explore its influence on travertine deposition. A total of 14 monitoring sites
covers all springs and surface water related to the water cycle. The indexes such as pH, temperature, Ec, Ca’” and
HCO, were measured on site. Other indexes of water quality such as PO, Cl, SO, NO,, NO,, NH}, K, Na’, Mg*’
and Ca’" were collected and sent to the laboratory for testing according to requirements. The rainfall and water quantity
data before 2017 were provided by Huanglong Scientific Research Office, and the data from 2018 to 2021 were
obtained by the authors through long-term monitoring.

Research findings show: (1) The Zhuanhuachi springs are the main calcium and carbon source of travertine
deposition in the area. They, together with surface water in Huanglong valley, constitute the water source boosting the
development and evolution of travertine landscape. The main sources of water recharge for Huanglong valley and
Zhuanhuachi springs are rainfall and meltwater of snow. (2) Since 1999, the flow rate of Zhuanhuachi springs has
increased steadily and then to the maximum. The water quality is extremely stable with average pH of 6.6, average
water temperature of 6.7°C, average Ca’" of 208 mg-L"'". The Slc is generally in an unsaturated state. The historical
maximum water volume in the past 30 years appeared in 2020, with an average daily water volume of 9,998.09 m’-d"'
from April to November. The water volume has experienced a slow downward trend since 2021. From 1999 to 2017,
the annual average daily water volume of Zhuanhuachi springs was 7,817 m’-d ', and the annual variation of the
average daily water volume was about +1,500 m>-d '. The annual average daily flow from 2018 to 2020 was 9,368
m’-d"". (3) In 2018, linear TOC anomaly zones appeared in the area of Zhuanhuachi springs, and the main anomaly
points occurred at the spring mouths of No.l, No.2, No.4 and No.6. The main reason was the grazing activities from
Sandao lawn to Toudao lawn in the upper reaches of Huanglong valley. The manure produced by cattle contained a
large amount of organic carbon (about 15%), which dissolved in water under the effect of rainfall leaching. As the

water circulation entered the groundwater and migrated to the area of Zhuanhuachi springs, the deposition rate of
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travertine decreased. The TOC anomaly approximately disappeared at the north of the Zhuanhuachi springs. (4) The
core scenic spots of Huanglong experienced rapid degassing from upstream to downstream. Slc increased significantly,
and the concentration of HCO, decreased considerably in the first cycle. But there was little change in the north of
Yuye spring. The decrease of Ca’* can be divided into two stages. In the first cycle section (from Zhuanhuachi springs
to Yuye spring), the concentration of calcium ions decreased obviously, and there were more travertine deposits. The
deposition rate of travertine in the lower reaches of Yuye spring was stable, and the ions concentration decreased
linearly. (5) Landscape water in each water cycle segment in the area still shows a certain depositional capacity,
because the dilution of heavy rainfall reduced the depositional capacity of travertine. The Slc value decreased in 2019.
The water environment of Huanglong core scenic spots is stable with a good capacity of travertine deposition,
which maintains spring overflow, strong degassing and rapid deposition. Influenced by animal husbandry and rainfall,
the deposition capacity of travertine decreased slightly. It is suggested to strengthen the protection for the conservation

area of travertine spring source and reduce the influence of grazing activities on it.

Key words water environment characteristics, calcified deposition capacity, Huanglong scenic spot, water quality

monitoring
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