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Fig. 1 (A) Location of the study area. Gray arrows: the Indian summer monsoon and the East Asian summer monsoon; white arrows: the

Asian winter monsoon; red area: the location of Chongqing City); (B) Location of Furong Cave and the main urban area of Chongqing; (C)

Sketch map of Furong Cave and the locations the locations of monitoring sites (black triangles). (modified from the previous study™)
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Fig. 2 Variation of air temperature(a),air humidity (b) ; cave air CO, concentration(c), drip water Mg/Ca (d) ,
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Table 1 Cave environmental characteristics and drip water chemical characteristics at MP2, MP5 and MP9
N=| N=R:d 2+ 2+ 5 27
Wl . TR MR pCO, Mg } Ca . Mg/Ca RS ; b
/°C 1% /107 /mg-L /mg-L /mol-mol " /mL-min
201701 16.4 97.5 950 36.83 60.20 1.01 13 8.0
201702 16.3 97.7 — 37.29 58.04 1.06 14 8.1
201703 16.3 95.0 643 35.14 59.12 0.98 7.8 7.7
201704 16.6 97.9 1132 36.86 59.14 1.03 6.9 8.2
201705 16.3 98.4 1298 36.88 60.47 1.01 10 8.1
201706 16.3 98.6 1413 33.89 59.57 0.94 18 7.9
201707 17.1 914 1376 35.21 60.91 0.95 15 83
201708 16.4 98.6 1498 34.42 58.65 0.97 10 8.2
MP2 201709 16.5 98.2 — 34.46 58.72 0.97 15 83
201710 16.4 98.7 1 646 33.96 59.80 0.94 10 8.0
201711 16.4 98.8 1160 32.74 60.13 0.90 30 83
201712 16.2 974 686 33.17 59.70 0.92 22 8.2
201801 15.7 99.4 594 40.98 68.80 0.98 12 83
201802 16.5 95.8 783 41.36 71.06 0.96 32 8.4
201803 16.6 94.8 — 41.24 69.81 0.97 24 8.1
201804 16.4 92.6 1216 40.61 70.58 0.95 30 —
201805 16.3 92.8 1 444 41.43 71.61 0.95 38 7.4
201806 16.5 97.5 1499 — — — 20 8.3
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201807 16.9 91.5 — 41.01 69.04 0.98 23 8.1

201808 16.6 94.0 2085 40.76 69.73 0.96 27 8.4

201809 16.6 96.0 — 35.16 63.05 0.92 — 8.4

MP2 201810 16.5 95.7 1839 35.49 61.40 0.95 18 8.5
201811 16.1 99.0 1185 35.54 60.62 0.97 28 8.7

201812 16.2 83.8 — 35.53 58.42 1.00 35 8.8

201701 17.4 98.8 1269 36.94 59.65 1.02 1.9 8.2

201702 17.4 98.7 — 37.01 59.17 1.03 1.0 8.2

201703 16.2 98.4 598 36.45 57.38 1.05 1.6 7.7

201704 18.1 97.4 1505 37.79 61.10 1.02 0.9 8.2

201705 17.6 98.7 1118 36.92 58.98 1.03 0.2 8.3

201706 17.5 98.8 1029 34.71 58.44 0.98 0.9 8.2

201707 17.9 97.3 1029 35.39 59.24 0.98 1.5 8.2

201708 17.6 98.9 977 34.76 58.35 0.98 0.9 8.5

201709 17.5 98.5 865 34.06 55.70 1.01 0.5 8.7

201710 17.7 98.8 1 600 34.64 55.75 1.02 0.7 8.5

201711 17.5 98.7 1031 33.02 53.62 1.02 1.1 8.7

201712 17.5 98.7 765 34.15 57.23 0.98 0.9 8.1

MP> 201801 17.0 99.4 637 41.41 64.44 1.06 1.1 —
201802 17.5 97.7 831 40.62 64.37 1.04 0.5 9.0

201803 17.4 97.2 — — — — 0.7 8.2

201804 17.9 87.8 1746 — — — 0.9 —

201805 17.4 97.3 1947 44.51 74.65 0.98 13 8.5

201806 17.5 97.3 1 474 42.58 66.78 1.05 1.6 8.3

201807 17.8 94.6 — — — — — —

201808 17.4 95.5 2344 41.42 61.76 1.11 — 8.5

201809 17.5 97.7 2040 34.51 53.90 1.06 1.1 —

201810 17.5 96.7 2040 35.12 53.81 1.08 1.2 8.2

201811 17.3 99.0 1286 34.86 51.00 1.13 1.4 8.8

201812 17.5 96.0 — 34.11 48.75 1.15 — —

201701 16.4 97.6 820 37.24 61.01 1.01 — 7.8

201702 16.4 94.8 — 37.85 58.66 1.06 — 7.8

201703 16.2 97.8 883 36.97 55.05 1.11 — —

201704 16.1 98.6 1133 38.21 53.12 1.19 — 7.7

201705 16.1 98.2 1454 36.18 50.58 1.18 — 7.2

201706 16.5 93.7 1764 35.75 55.68 1.06 — 7.5

MP9 201707 16.3 91.4 1395 35.87 57.24 1.03 — 7.6
201708 16.2 98.2 1 584 35.02 51.77 1.12 — 8.0

201709 16.2 98.6 — 34.76 53.00 1.08 — 8.4

201710 16.6 91.7 1645 34.56 54.82 1.04 — 8.0

201711 16.1 98.6 1253 34.63 54.01 1.06 — 8.1

201712 16.1 98.6 821 34.03 53.09 1.06 — 7.7

201801 16.1 98.7 685 42.40 56.52 1.24 — 8.1
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201802 16.1 97.8 830 42.76 56.71 1.24 — 7.4

201803 16.0 97.9 — 42.50 55.78 1.26 — 7.6

201804 16.8 80.8 1470 42.70 58.02 1.21 — 8.3

201805 16.4 91.2 1302 44.71 61.66 1.20 — 7.2

201806 16.6 85.8 1251 43.31 66.14 1.08 — 8.7

MP9 201807 16.9 82.8 1206 41.89 61.93 1.12 — 8.1
201808 16.6 86.9 1355 42.89 67.14 1.05 — 8.2

201809 16.3 90.0 1619 35.33 53.82 1.08 — 8.2

201810 16.4 91.3 1712 35.24 56.72 1.02 — 7.0

201811 16.2 93.2 1317 35.36 55.79 1.04 — 8.1

201812 16.0 98.0 — 34.73 48.54 1.18 — 8.7
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Table 2 Mineral morphology statistics of AS on the front and back sides of glass plates at MP2, MP5 and MP9
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MP2 P[] o Jo
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2017.07-09. 2017.10-12, 2017.04-06
MP9 A 2018.04-06. 2018.07-09 2018.01-03
2018.10-12

75 MP28/20174E10-12 H RO BE RS o

AHFSE B B F R BLTRR ) 4 S5 IR R A
DLR WA A5 (1) T K 26308 B 8838 ), 5 3% 1 ) Y
JEVAR, 76 2 1K 3 SR s £ 5 7 18 4E 2 15 TS B0 R
BEYUAR; (2) I 2 Hh T (4 K B T 28 R AR, K5y
TE 5 38 R B T BE A 7 A e TR B DT EL Y . MPS Al
MP9 i /K 5 B ES R AS 3R SO -5 A, H
RO SCABIET 2 . KL, 58 SCA TR
[ MP5 1 MP9 Wa I 5, 3 58 7 1 T AR SC A B
LN

3.2 AS W¥IHSHRIEE S

3.2.1 #&KMg/Ca

— SRS C A UESE, Mg BELAR T 7 A7 ) %

SR, AHJE R BELAS SCA T R AR ST K
Mg/Ca B /R LU {H (LA N Mg/Ca ¥4y BE /R LU 1H ) 7
MP2., MP5 Fl1 MP9 Ji# 7K 534351 24 0.90~1.06 (n=23),
0.98~1.15 (n=21) fl 1.01~1.26 (n=24) (&l 2, % 1),
MP2 1] % 7K Mg/Ca ¥ /N T 1.06, H MP 2 1Y i 7K
Mg/Ca B 1K | /NF MP5 Fll MP9 (4] 2), 7E MP2 Ji& 7K
ML AS YN RAT . AE MP9 /K A5, 2017 4F 1-3 A .
4-6 F . 2018 4 1-3 J] H1 2018 4F 10-12 H By 55 F
BB T SCATUR (8 2), TEX LA TR B
Hh, AR E TR K Mg/Ca B (4 2), BEWTTR 7K Mg/Ca
W A R T SCA B TURR, S5 AS BB S I
BHREZ—.

MP2. MP5 Fl MP9 ji 7K i T 3255 7 IE T AS 1Y
Mg/Ca ¥ ¥ {5 43 51 5 0.030+0.003. 0.036+0.008 Fl
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Fig. 3 Mineral morphology of active speleothem at MP2, MP5 and MP9

(A) Front side of glass plate at MP2 (Jan.-Mar. 2017); (B) Front side of glass plate at MP2 (April-June 2017);
(C) Front side of glass plate at MP5 (January-March 2017); (D) Front side of glass plate at MP5 (July-September 2017); (E) Front side of glass plate at MP9 (July-
September 2018); (F) Front side of glass plate at MP9 (October-December 2018);
AF, BF, CF, DF, EF and FF are mineral forms of AS on the back side of the glass plates during the corresponding deposition period
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Fig. 4 Mg/Ca of AS on the front and back sides of glass plates at MP2, MP5 and MP9.
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(B3 2 1Y 2, 7€ MP5 %7K &5 2017 47 10-12 A
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RO fi A, ST R ) LA S (18 5), MTE T — 2 1

T 2 — I T P TR TR )3 A B BR 5 U TR Mg/Ca He
B4 5124 0.035. 0.038 1 0.046, 7 3% /™ B} ] B 17T FH
1 A7 Mg/Ca = T 5 A o

5 MP52017 £F 10-12 BiFRMBKER ERE (A). KER% B) MIREF L (C) B AS TS
Fig. 5 Mineral morphology of AS depositing on the front side (A), at the edge of back side (B) and at the center of back side (C)

of the glass plate at MP5 during October-December, 2017
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N

PR ]

1E Bt E=LIE ] Bt 2E{H
MP2 -7.33 —6.95 0.38 —10.44 —-10.13 0.31 2017.04-06
MP5 —7.48 -7.14 0.35 —10.28 -9.85 0.43 2018.10—-12
MP9 -7.17 —7.18 —-0.02 —9.95 —9.58 0.37 2017.07-09
MP9 -7.10 —6.75 0.36 —9.40 -9.12 0.28 2017.10—-12
MP9 —-7.30 —6.94 0.36 -9.73 -9.02 0.71 2018.04-06
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Table 4 50 and 8"C values of AS on the front side of glass plates
MP2 MP5 MP9
DU ) 5"0 8"c 5"0 8"cC "0 8°C
/%0,V-PDB /%0,V-PDB /%0,V-PDB /%0,V-PDB /%0,V-PDB /%0,V-PDB
2017.01-03 — — —6.95 -9.42 —6.51 —=7.90
2017.04-06 -7.33 -10.44 —7.80 —-10.96 —6.65 -9.23
2017.07-09 —=7.05 —-10.31 —7.54 —-10.45 =7.17 —9.94
2017.10-12 — — —=7.70 —-10.96 —=7.10 —9.40
2018.01-03 — — -7.53 -10.13 —6.69 —8.34
2018.04-06 — — =7.79 -10.57 —7.30 -9.73
2018.07-09 — — —-7.63 —-10.52 —=7.11 —9.75
2018.10-12 — — —7.48 —-10.28 — —
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Analysis of influencing factors on mineral morphology of active speleothem

—A case study of Furong cave in Chongqing
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3. Yunnan Key Laboratory of Plateau Geographical Processes & Environmental Changes,

Faculty of Geography, Yunnan Normal University, Kunming,Yunnan 650500, China )

Abstract Stalagmites, secondary mineral deposits forming in karst caves, record much paleo-climate and paleo-

environment information. In stalagmites, the mineral forms of calcium carbonate are aragonite and calcite. It is

considered that the properties of bedrock, discharge of drip water, pH, and the Mg/Ca ratios of drip water are the

important factors affecting the crystal morphology. In addition, the changes of mineral morphology in stalagmites are

thought to indicate the changes of paleo-climate and paleo-environment. At present, most studies focus on inferring the

change of paleoclimate through the crystal morphology in stalagmites, while there are few studies on analyzing the

mineral crystal morphology of active speleothem (AS) according to modern cave monitoring data. In this study, in

order to collect active speleothem and drip water samples during 2017-2018, glass plates were placed under 3 drip
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water sites (MP2, MP5, MP9) in Furong Cave located in Wulong District, Chongqing. The mineral crystal morphology
of AS was identified by polarizing microscope. Systematic monitoring was performed on Mg/Ca ratios, pH, the
discharge of drip water, the cave environment, as well as §"°0, §"°C and Mg/Ca ratios of the active speleothem
deposited on the front and back sides of glass plates. The results suggest that, (1) The mineral crystal morphology of
active speleothem that deposit on both sides of glass plates at MP2 is calcite. There are calcite and aragonite-calcite
mixture on the front side of glass plates at MP5 and MP9. However, aragonite-calcite crystals deposit on the back side
of the glass plates, and there are more aragonites than those on the front sides. (2) The Mg/Ca ratios of drip water
collected from MP2 is less than the ratios from MP5 and MP9, which indicates that the Mg/Ca ratio of drip water is an
important factor affecting the mineral morphology of active speleothem. And the effect of pH values of drip water on
AS mineral crystal morphology is different at different drip sites. (3) Regardless of the front or back side of glass
plates, the 3"°0 and 5" °C of AS mixed with aragonite-calcite are more positive than the calcite-dominated AS, which
suggests that changes in the AS mineral morphology will lead to changes in 5O and 8"C. The systematic monitoring
and analysis in Furong Cave show that the mineral form of AS is closely related to the surface environment and the
karst hydrogeological conditions in the upper part of the cave, and it has been verified that the mineral form of AS in

caves has important influence on the 8'°0 and §"C of stalagmites.

Key words drip water, active speleothem, calcite, aragonite, Mg/Ca
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