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Abstract

In recent years, the studies of surface water in Huanglong ravine, Sichuan Province find that mod-
ern Huanglong travertine is symbiosis with abundant species of diatoms, cyanobacteria and mi-
crobes. The role of biotic influence in mineralization of calcium carbon has gained attention of the
scholars at home and abroad with the aim of ascertaining whether microbiological activity plays a
relevant role in depositing fossil travertine. The presented study focuses on studying mineralogi-
cal characteristics and environmental significances in Huanglong travertine deposition profile.
The objectives are exploring whether the microbes are involved in the deposition of Huanglong
travertine and providing scientific evidence for revealing the possible Huanglong travertine for-
mation mechanism. The crystalline refinement results of X-Ray Diffraction (XRD) identified the
travertine in Huanglong was a typical single crystalline calcite with anisotropic lattice distortions
of along axes of C, suggesting some level of metabolic mediation during mineralization. The chem-
ical composition and IR spectra of the history of travertine indicated that the possibility of micro-
bes participated in travertine deposition. However, because of the influence of geological pro-
cesses, the presented study didn’t find intact microbial fossils which provided directly evidence.
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LA U ) IS At R IR ORI, RSB T KEEER. BRSNAFTRMBEMDS KA
HME. MMEYRES5HETIRERETRFHRAEMBRE T BN EEFRE, ASCEEN TS
HEPRFIE AT WEFER TR B X WA, UWRBEREMRESE T RESENTRAAER TR
PAERTE B ER HR IR . XRDBESHFBEITRY, HRSHEN=ZTTERTBASHRE—Y
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TEMAEYE, WTCAMENS SR SHEITRR Gt ERIER
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1. 53|

P A R MR SR K B B T AR I TR R BRER ER ORI, U ERBRAE A o ) A
873 o ARIEES SR RE A P IE, PR 3y AR A W i R (U A o) R A 0% 11 DR 3 (AT R
AL W) [1] [2]. ARIETURRIREE o0 NG R R AV . DASEEFE A A [ AR R I #A R L 5 Ayt
B Kk, AR ERERYE, SRR, KA RRE 2 HOTI . eI g SR MEM[3] [4]. B
PO AR A A R S TR, KR A TRIR, BRIRE & B8, KA N, C iR g’
Fu, KR EIFRME B, EE B M AN ERS] [6]. AURURRIHERAL S A5 2R KRR
FHEREERARE AL WA HOR RS TR R RS2 m S A FOALEE, e A i Y a7
PR E AR, N2 2] 1 A SN EAR TR ROGES] [7] [8]. AHXTTTE, ST HaAMxt v R AL 45 1
TOREI 0 S AR FMLEL AW SR B b . A IR FE R M E RIS oM g e i, (R B
AEMAERS R TORIL RE  1 2 S RERE LA RIHLER[9]-[11]

MRS DY N B v R AR AR ORI TR B, BB A RS AE A O . RS LS M R AN 2
RANEFPJE[12] [13] (1] 1) AR B S SE TR R ILE TR PR IR 21 7 [ A A E BRI -
AT I3 A AT (8 PR B, R DTSRI RS 5 s e A SRR E T AOESR . 9 W B e
eI LA s R SR R AR dE, e . DUUAIES S IS SRR FU A &R



IMER 4%

AccV Magn ~Det WD ——=——1 50ym AccV Magn Det WD T
200KV 600x  GSE 78 4.9 Tom : 200KV 2000x GSE 79 49Torr

Figure 1. The ESEM images of modern travertine; (A) Low magnification microscopic image; (B) High magnification mi-
croscopic image
E 1. BR4BLE ESEM Bl (A) KIEE; (B) &R

2. BRI ABEMRTE
2.1. RESBLESTHHS

V)18l A XA T Y )1 48 BTl JE i B iR MRS B, UKL I S R T A AL, B AR AR
NZRZ 103°50', Jb4h 32°45', 344 3100~3600 m, T FE 1340 km®. # e KSHX A% 8 T iR AT 7
WS, FRRKE 759 mm, SR 1.1°C, WK 5°C. BTt X AL 084 3 g F5 46T
FAEACN 80 ka AT Ja FOHT IR, 98 110~250 m, & 9~20 m, 41 3.6 km [5] [6].

2.2. BEmRE

B 7 LA DT T R AR T B B eV KX 20 km BOSK S0V A AN, 12645 58 BEAS HR 9\ 1
AL, [FIRE 50 cm RAEFSHERE (14 2). WWHURRVERES, ZIRER dT &ITbridh P1-P7.

2.3. WFERES

V4 17 S A T AR MRS AR i, R, ZE W B AR (BX51, Olympus) T W 245 46 (1) (i 't 4
fE. ST RE 2T ST R BT 200 HIF )5, Ml — b0 Y4 AE R AL .

X TSR A2 T B 745141 5 (SEM, S440, Leica) . 85 A R AEAE FH X 55 42475 40§ (XRD, XPert
Pro, Panalytical). WIiAZ&MN: M8, HEibiiK CuKa, 1=15418 A, % HE 40kv, HiJi20 mA, 20
VL 20°~90° . WAH 8 A A 8% B A7 X PertHighScore Plus, 317 Rietveld J7 322 #)AH 34T 45
FIREIE[14] 0 E5HER AR REAL 25 50 5 1 2 4 A %A I 18] — 203 1 S (L (TOF-SIMS V, ION-TOF GmbH),
SERMF A X 26996 (XRF, Axios, Panalytical). ATR-FTIR I8 7E£0 4N O E 4 (Nicolet-5700, 3
[ JE i A28 A F) I ATR BH2E b BEATHE3E .

3. ER5ITR

SRR SR ESEPURRE L) 110K, Bl EAE RENE, S2WRSENLZED G, 2580
R A (K 2). EFROREZRA G, BREERE, B, —BNUEEKE. 4050 A iz’
%, Bitikik, BE, EHEZAEILZKRAE,

FEGDGRIEE T, HEBESAMN, T BRECR, RS, T ol RE 2 BN 4
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(K145 CaCOs (14 3A, 14 3C). FRECBIMIY, W WRRKLEE /N, HAEZ ARSI ( 3B, 14 3D).
HE O™ E, RS AT RIE T HURACH R A S S 1 7 o

LT SR T R AT, B M THT PR 85 M T L MR F) ST AT A BRE S A, (H AR T, TR
VAR AN LI AR P K (P 4) o BSSRUTARBI AR f T RO T, RILEZRE AT . W REZ PR TTAR

Figure 2. The collected travertine deposition profile at Huanglong Sichuan; (A) Low
magnification image; (B) Typical collected sample image
2. BRSERERE; (A) ZHE; (B) REMATTILER

[

Figure 3. The characteristics of typical optical thins of travertine deposition profile at
Huanglong, Sichuan under polarizing microscope; (A) (C) White travertine prosodic
structure; (B), (D)Yellow travertine prosodic structure. Scale bars: 100 pm

3 AR TR EISERHREERFHE; (A) CISERRENB RIS ;
(B) D)fBILRIBLMIX R BRERT. #RR: 100 um
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Figure 4. SEM images of microscopic morphological characteristics of Huanglong travertine profile
4. BHRAGEHEN SEM M SHFIE

(AT AR v R E 0 B DA A OB R S VS R, B8 R XELUG o (HE 1R KT e A & ik
Bt Ka FARBIEH &R, BRm7ES N AT R E FR iR

BEAERE L 1) XRD W Y040 A RAESE TR 0H , BURHN DT L SUR 85 S35 R =7 i R 5 A S5 s — 0 A
15t PDF R J7(01-086-2334) /i R A1 45 mi W&, R W IHABAAFAE . & — IS MRS 1) i 1
SERNT R I, D3 SR DURR S A7 A R AE S AR W R R T A 5 SR AR AR, MAEAE R C B,
R TCAAZ FIMLTE B 5 A R (2 1) [15]. fEAR IR BUR RIS S 1 7 il A, W d L C 3l 1),
FAAEESE, Ry 001 J7 A ¥ &l () BEAG /)N, b AR AR IR 4 10]

AL TOF-SIMS il i R, #54EFEMBRS Ca, Mg, Si, Na, K, Al 2§ HUCES, ©EF
BREZFIANKRS T2 2). EFERNE, FEPRIEEIE RN APLE CeH,SOz. MMM ETIIIAS IR
TARIRA R, FEAERESAE A HUBR AT e R ZRIE TRCEA LA, KIEHR TN S0T K i ES 5E DT
o AEYIS SRR R A Y RS ST, B RK A KRR R S S A R RE, &
WA TN RAZE, 50 C SahHh[10]. F R XARRIAEE . KRR R e T 550
RUKAR AR AEY R R IANR], T A RRAAAE AR S 5L, AP REA—3. TOF-SIMS AKAihek. 4
R REAAEBAIICER, BB EHNE T TR, WEEIERE, AR RIE T A AR R

X SR8 B3 Mt (XRF) R I, 3 A5 A 1) 32 B Rl 4y CaCOg, [y SEUTARES 4 CaO & &k 3l 97.5%
(# 3).
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Table 1. The results of XRD quantitative structure refinement of Huanglong travertine profile from different depths;
PDF-STD represents standard spectra of calcite (01-086-2334) in PDF database

< 1. BRBEEHE A RIRE 5L XRD EE45491518; PDF-STD Jy PDF HUiEREE 77 A ETEE (01-086-2334)

Name al A b/A c/A al° ik 9l Cell Volume/A®
PDF-STD 4.9880 4.9880 17.0610 90 90 120 367.62
HLP1 4.9900 4.9900 17.0823 90 90 120 368.37
HLP2 4,9882 4.9882 17.0704 90 90 120 367.84
HLP3 4.9900 4.9900 17.0882 90 90 120 368.49
HLP4 49887 4.9887 17.0845 90 90 120 368.22
HLP5 4.9900 4.9900 17.0927 90 90 120 368.59
HLP6 4.9898 4.9898 17.0808 90 90 120 368.29
HLP7 4.9890 4.9890 17.0749 90 90 120 368.06

Table 2. TOF-SIMS analysis of Huanglong travertine profile
2. BRFSERIER TOF-SIMS 47

Name Na Mg Al Si K Ca CH (0) C.H CgH7SO3 311 325 339 473 720

HLP2 + + + + + + + + + + + + + + -
HLP3 + + + + + + + + + + + + + + -
HLP4 + + + + + + + + + + + + + + +
HLP5 + + + + + + + + + + + + + - +
HLP6 + + + + + + + + + + + + + + -
HLP7 + + + + + + + + - + + + + + +

Table 3. The quantitative components analysis of Huanglong travertine profile by XRF. *Carobon contents were tested by
Vario EL CUBE

%< 3. mAIBLEEIERIAR S XRF EE 7 H. *TkITE S =M Vario EL CUBE JTE S {UNE

Name SiO; Al,03 Fe;O3 MgO CaO K;0 TiO, P20s LOI C*

HLP1 0.432 0.123 0.105 0.433 55.390 0.037 0.016 0.008 43.25 11.90
HLP2 0.529 0.15 0.094 0.430 55.00 0.037 0.011 0.007 43.40 11.89
HLP3 0.193 0.073 0.019 0.368 55.50 0.013 0.012 0.010 43.30 11.93
HLP4 0.188 0.07 0.025 0.373 55.460 0.017 <0.006 0.007 43.21 11.92
HLP5 0.15 0.031 0.015 0.396 55.680 0.010 0.007 0.005 43.12 11.95
HLP6 0.078 0.019 0.035 0.427 55.810 <0.01 <0.006 <0.004 43.22 11.97
HLP7 0.095 0.037 0.013 0.44 55.530 <0.01 0.007 0.006 43.42 11.98

LA T (DSC-TG) MR L SR (e 4) R, E5HERRIRES B/ #v oy ffR ETE 760°C /24y, BCHLRE 77
AT I IR B AR . 72 200°C~500°CIREIX ], Iy SeyiAR s 48 L.2% i A (R 8. oMo in, E59EH
A3%LEATHIRE, St FRER EE & B AE 97.8%~99.4% ., I HTRE S EMIR 2 AT 105°CRE i #AKLHE, [T
FIHEBRFE i R 2 IR K 50 . 200°C BATF, F54EAE T RE & A MR K . 2 RIK A S5 H /K S5 & A A 1
KB SRR, BT I 200°C~500°C i 5 X J8] 1 28 AN KI5 4R RE SR 17K, R RESRIE T45 SR 104
MURRSY s R AT RESKIR TR ARV AR o 405 1 PR TR 45 A AR R, P T T L RS R P 7 A A L ok 5 A g Ik
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Table 4. The DSC thermal characteristics of Huanglong travertine profile
T 4. EESTERIEAY DSC HAAFE

Name Calcite Tm(  °C) Lose weight 300 @%p00°C Lose weight 500 @%B00°C
HLP1 764.36 1.783 43.55
HLP2 756.96 0.5179 43.04
HLP3 762.52 1.316 43.62
HLP4 762.77 0.9912 43.88
HLP5 756.39 0.8189 44.07
HLP6 760.66 1.459 43.02
HLP7 762.03 1.494 43.19

FEAG, A ERIRESE, (£ 500°CULR, AFEdi A it s KA 7 7 A LI AR Se i, (845 07
A R BRIR, BRI PR 1 IR ES I IARIR L . SR B AT AR NS —IESE T, MAEYMS 5 e
MU, JF B e iR 2 .

4, 4Eig

AR 5 B S A A OB ) T AT ARG B (1 A A . MIAR AL S R BRI AT, WE TSRO AR
I PR AE RN TR R B S WSRO A SR AR D =07 & 3R 07 A B — e, S5 TE MR 7 A i AR
bb, AAAEWTER R C SRR T A B AR K. OB AS He SR I AR PR J v Rl AN LR S 5 AR W, BT
REZ 5 TESHEITIRIL RS, AR ERT & 2B 0 T HI 07 0 T L . (EAE R TR, RUEY B IR XT3
TR BAT B AR A, (EAG AR T RUE I R B E S — A, B T RE. CO, Bk
MK ZE T PEAR AL S PR BT R 2O A5 AR TR P e th 27 AR WA E o A SCRT SR, AR Geh W) 2 s
TESZEW) 73 T ARC Y S AT T BUM 45 & 4 BE A R T T3 e 45 46 B s s A S RE ROAIT 7T, DA RO AE Y
B2 5RE SR AR I .
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