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Abstract
world, which is rich of dinosaur tracks from Early Cretaceous. However, these footprint fossils are experiencing
different degrees of weathering in the field. In order to protect these fossils in-situ , the Otog Field Museum of
Geological Vestige was built on the Tracksite No. 8. Whereas, it was found that the weathering degree of indoor
footprints was more serious than that in the field, especially the area within the museum near the surrounding walls,
and the surface of the footprints gradually became efflorescence and broken, and some even completely disappeared.
In order to understand this weathering phenomenon, fossil rocks of the same stratum inside and outside the museum
were tested by means of polarized light microscope (PM) observation, X-ray diffraction (XRD) analysis, mercury
intrusion test (MIP), ion chromatography (IC) analysis, Raman spectroscopy (Raman) analysis, Fourier transform
infrared spectroscopy (FTIR) analysis and scanning electron microscopy (SEM-EDS) analysis in this article. It is
found that the indoor rock has a higher porosity and larger pore size, and soluble salts content is 2 times that of the
surface rock as well as 11 times of subsurface rock. The soluble salts are mainly NaCl and Na2SO4. Though
simulated aging tests, it is found that the damage of soluble salt is greater than freeze-thaw, and Na>SOs is the most
damage salt. Therefore, it is indicated that the weathering mechanism of dinosaur tracks in the museum is the
combined action of groundwater and surface water formed by rainfall, which leads to strong water-salt activity of
Na2SOs4. It is found that the nitrocellulose varnish, which was used as consolidant and sealing material, did not have
a good protective effect. Some suggestions are put forward to deal with this problem.

Chabu area in Otog Qi, Inner Mongolia, is a rare fossil producing area of dinosaur footprints in the

Key words dinosaur footprints, weathering mechanism, soluble salt, effects of freezing and thawing, Early
Cretaceous, Otog
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BARSUR-31.6 °C, Mt =<l 36.7 °C, FEFFK
BN 250 mm if, BEOKEBEHTE 7-9 Ay, &
ZAKE 2000 mm DL E, PR ENT AR E
(C=RBAE, 2018). FEML H AR T, BilfbA—HK
WIRFE T HRATSEZ &P AL . 7E R LR 1
8 5 A Y A Hb TR B A TR P, RO R A XA

BT Dy o, JCH R FEIL H R DU A 2l e a 2
H I T IR TS AR TR R AN 7 L A R AR B
Fo Nt —BRHIEACA KA, BEE B A R T
X PN ER 3 A2 A RE AT AR N B, (HACR AR
BUAR, WOINE B R ILAE B T HIP MR &
fh RS DA e A A IR AR L SR

BT A SBFETE MRS B FE AL s B. 8 5 0B A B S [
Fig. 1 A. Location of Otog nature reserve; B. Otog Field Museum of Geological Vestige (Tracksite No. 8)
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2 EARRICREME
Fig. 2 Sampling position of rock samples
AL 072 BUREAZ B (Z W); B. 072 IURE AR R R IBIT; C. 075 IUFEL B (ST, Horh 075-1 BEEHE, 075-2 REHRAE 075-1 I NHEA A D. FEME A
A. sampling position of 072 (indoor); B. dinosaur footprint (072); C. sampling position of 075 (outdoor), 075-1 taken from surface rock layer and 075-2
taken from subsurface rock layer; D. rock samples.



156 WO oW % R 61 %

B3 5k S E B4R G (A-a, B-a, C-a) il IE A2 i )6 (A-b, B-b, C-b) F KR A (100 X), A. 072; B. 075-1; C. 075-2
Fig. 3 Microscopic characteristics of lithology of rock samples with single polarization (A-a, B-a, C-a) and orthogonal polarization (A-b, B-b, C-b)
(100X), A. 072; B. 075-1; C. 075-2

B4 BRI X SERATH B (A. 072; B. 075-1; C. 075-2)
Fig. 4 X-ray diffraction patterns of rock samples (A. 072; B. 075-1; C. 075-2)

F£1 =SAEARRH XRD EESTER(%)
Table 1 XRD quantitative analysis results of three rock samples (%)

GERER R b PR FHAT RN A i) el Atk i
HERRZ il LRt
072 EAY) 42 19 11 18 1 5.4 2.97 0.63

075-1 EC N 42 11 12 26 - 6.03 225 0.72

075-2 EHINFZ 41 15 8 27 - 6.12 2.16 0.72
TR AR
Note: “-” represent no result.
3.2 FLBRMERSHR um. EAhFESEA 0.43-3.8 um (B 5). 072 fL&2

JERMERZS FEIR 072, 075-1. 075-2 MFLBR A e, W= WA A MALRE FE RO ™ &, 1
ROMN 847% 7.78% 1.18%, EW A AR  ZFH4MH 075 BFEMER LZRAERER FZFLE
B im, MR . ZEILEMEE SR SHWEEE —3%, W LT ERAYEEH EE R
NEWNEA 035-11.3 um. =4 LEHA043-3.8  WFEEHIT.
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K5 =AFEmrLaEs il

Fig. 5 Pore size distribution of three rock samples

®2 CAEGHREHANETFEEIAER (/L)

Table 2 Ion chromatography analysis results of leaching solution from three rock samples (mg/L)

B BB E AR et
Na* K* Ca?* Mg Cr SO NO*
072 = 18.34 0.0750 1.43 1.44 11.23 6.04 0.760
075-1 A EZE 0.940 0.0133 0.0572 0.0033 0.303 0.194 0.0521
075-2 BT 0.455 0.0084 0.0431 0.0019 0.0740 0.148 0.0177
3.3 FLRESMH H & R NaaSOse.

XF 072 F1 075 5 AT AT SRPEHOR 6
TR, S5 BAR(E 2): 072 AR R TR
& Na'. ClI'. SO fli/b & Ca*. Mg*. NO;;
075-1 FAFEERE FEER Na'. CI' Ml S04~
075-2 AR E FEZE L Na'y SO M &
Cl'. Ca**. NOs . & #H&ENHA 086% -
0.46%-+ 0.08%, EHNMEMEFHELEIILEMN 2
B REATENLA 11 5. g HEKN SEM
(K 6)F1 EDS (& 3)WI %1, 072 Ffdh A B &1
NaCl 5B IR CaSOs A F NaySOs;
075-1 145 NaCl 3L J7 R0 A1 %R NaaSOa; 075-2

702 34N 55 A0 B b v AR L) 45 o R I 4040
W AT A, 5 bR AR A U B 6 R LR 4
(FTFH, 2016). ATAN, 0728 & NaNOs I G
K2 NazSO4; 075-14F fi & A NaNO; FE /K 7
fifNa;SO4; 075-2FF i 1 & A Ca(NOs )2 4H0F1 7K
TEhHNaxSOs. /KT NaSOg J& N E AT A
FE TR EE 10 3. B8 3A A A R S R B Ah 2R 1)
P12 UG ST 45 R, 5 bR v R A U X 15 45 AL
S5 (ERACE, 2016). WA, O2FE SR E A
NaNOs . & /K 7% Hi§ NaxSO4 Ml i f7 & CaSOq;
075-1. 075-2#F i HH & LK T hHNa2SO4.
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SAVEFFE S SRR RO TE SR EI(A. 0725 B. 075-1; C. 075-2, FEANEE il i 15 Ab AN ] 1) DX SR A0 L)

Fig. 6 SEM photographs of salts from three rock samples (A. 072; B. 075-1; C. 075-2, Each sample is tested in two different areas)

R3 =MEAEGRERLN EDS HHHERW%)
Table 3 EDS analysis results of salts from three rock samples (Wt%)
5 (0] Na Mg S Cl Ca
1 39 29.9 66.2
2 349 18.8 4.1 279 14.3
3 51.6 3.9 20.6 239
4 46.2 25.1 2.0 25.7 0.2 0.9
5 3.0 31.0 66.0
6 41.2 30.0 26.0 2.8
7 46.0 28.4 25.1 0.5

T RERARKE

Note: “-” represent no result.

SBT3 . SEM-EDS. ZL4MGi A 80k
R MRl R, 8 5 ETEE N 072 A A FES S
B (0.86%), EA4ME—HZE T E S 8K
(0.08%), EAREHIHER 046%. 072 ENAAH
] ¥ £h 3 B & NaCl. Na,SO, /b & CaSO4.
NaNOs. 075-1 ZEARZH A F L2 NaCl.
CaCl, fl/b& Na,SO4. NaNOs; 075-2 ZANFER A
3 2R NaSO4 fI/b & Ca(NOs)2-4H0. UiH, 8
SEENMEAEA G & E EENRR,
BEMEBAAFE.

4 ALK LG
WAL 8 B SR IRKA AT P A R

ORI 2 S N ATV SR AR 28 e & &, HehE N 072
FES AR IE 2R L NaCl. Na,SO4 N F, H&EHhEix
TR T ZAMAMERE S, ZJEEMZ) 11 %, NaCl
ZBEAERIZE, NaSOs FEWKJZ. 8 5 fUBLALIH]
1, N AR K, H R OKIE SR, BT
Bef Y 2 44 3 A0 2 TORH R 3 1 T /KT SR B TR N Sl
B335 1 DX 3, TE 51 100 R X L8 K B 1T I Eh i FS
BEARZEKTERB TS N TRVA
W2 AT R S AT I =, (B R R B
PEZE. SEMEUE . Bk, EAME, REER
Fill ] 13 62 21) 5 466 2 A R K ) 2 AR IR AR A
KN ER 73 7 Wir 5 S A 0 [ 44 kL2 2 30 f2 8 153 728 1Y)
S AL, HZ ISR B S A E, 255 T2
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K7 =AEaremh Rt maspeis i
Fig. 7 FTIR spectra of salts from three rock samples

& . 534, BEAERREN IR Z, 6
YUK (A8 A ERVE SN, TV B AN W A - 4
W, 7R 45 i B (Benavente et al., 1999;
Gualbert and Oude, 2001; Matsukura et al., 2005;
Siegfried and Michael, 2007; Espinosa et al.,

2008). 7K & JE(Michael, 2005)%6 R 7745 03 1 4
EEA, WAL R R RV, 3 i
A AT 1R 3R JZ B Rk YD, A2 R R 0E AN B I
ThEH K. B4 EEFERPE IR 0.46%iE KT
TEFEM 0.08%, RPIETIARKHE T, T
KPP REREHRE T AWK >ZERITRE EE
o BT E R E AL R R RE R R A 2
BAE, ATA, EAAACA SR T E, R
BRI T & N I8 1) E R A R AR
FEINRBNAZ RN WK S B E 5 e A
R K ERIE R IR, KA FE BT R A
Hoo MR T R IR AR KA,
8 T UL, Akt nl§E S 80T A
FIXAL, DR 1B NaCl F1 NapSOs 3 X AL A1
R AR RIS 58, DU R 5% ) 58 56 5 18 28 Ak A
KA EER & .
4.1 ERNUAEIALIE

AT S 50 5 72 P A I A I 3 AR 4L
WK 9 s, JESRIE 10 W E 10-A. 2 MEIR

J&, NaxSO4 IR L 1) 3 MFEB TR At 2L, A
FIMERTFURFEPL 4-6 3 58 4 i, 169 NSOy
HA R B BRI B 76 R BRI 3G 0, NaCl
BRI I 3 MREPUZR W A, 19 /MBI 5 FE R
LRI 2 FFaa a2 . AE4DLER AL S50 R WY, 8 5 3l st
I T N Rl 2 A A SR TR U B ¥ NacCl
NaySO, Z5Eh v, NaxSO4 X gt IRk A BRI B8
pUTSE NN E 27N RIS U =Bt =R SR E RN
i, o A E R

4.2 TRERAEMISKE

VR R P 3o v o A R TR U 35 A A
K11 s, RESRIA— A WK 10-B. 16 M5
RGNS, 4 AN E AR E RO TS0,
AL 15% 10T EHR, 4 SR 16 IXTEH A
e il . R WK RUA AN SR Fo sl e 4 A
BORMBAE T o ERGRMEBIABUAM 8 SiH
P RLER [ A RS DT — RE I B

X b ER P AN VR BB PR S 06, NaoSOq 47 5K 1
WRBLR BT 8 5 1R N L5 21 1 L A A7 ) 5%
PR it, NasSOs A IR EARH IR, #7658 S THER
TR BT 88 J (£ 14 ) TG H B0 25 XA R 52
PRI, 8 5 TR A AL 20 A A 388 B o XA Y o
JE R T H 4509 NapSO4 HIREIAE -
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£4 072, 075 RIMLLEGREP NOs 5 SO ML SMFIEIE SHREIRIII R 1E R
Table 4 The infrared spectra of characteristic peaks of NO3~ and SO4> of salts extracted from 072, 075 compared with standard salts

LU N I TR X R AR A T 4125 i A AR FRAL 4R SN S FRAE F R E)
bk NaNOs 1379, 1353 - 837 - - -
PR Ca(NOs)z-4H20 1437, 1367 1047 815 748 - -
FRAETG /K T NaxSOq - 1118 - - 635,610 474
072 (NOs") 1371 - 834 - - -
075-1 (NO;™) 1380 - 834 - - -
075-2 (NO;™) 1429 1040 836 - - -
072 (S04>) - 1123 - - 638, 620 -
075-1 (SO4) - 1117 - - 638, 620 -
075-2 (SO4) - 1120 - - 625 471
e RFRK
Note: “-” represent no result.

8 072(A). 075-1(B)~ 075-2(C)HIFL 261 ElRE
Fig. 8 Raman spectra of salts from three rock samples (A. 072; B. 075-1; C. 075-2)

F5 072, 075 REVEEGSRE T NOs 5 SO R BAHER SHRERFEIEX RIER

Table 5 The Raman spectra of characteristic peaks of NOs~ and SO4* of salts extracted from 072, 075 compared with standard salts

LT SRS FRAN4 SRR TP 2 AR RS SRR A RS
FRAE NaNOs 1388 1071 729 - -
PRUETE K1Y NaaSO4 1101, 1132, 1153 994 - 620, 632, 647 449
FRAERE AT B CaSO4 1112, 1128, 1160 1016 - 608, 627, 675 417, 499
072 (NOs3") 1383 1066 724 - -
072 (SO4) - 996 - 635 450
072 (SO4>) - 1013 - 628, 664 425,484
075-1 (SO4) 1138 999 - 620, 641 450
075-2 (SO4>) - 996 - 631 456

i ARRK

Note: “-” represent no result.
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9 NaCl (1-3)F01 NaySO, (4-6) 7 ¥ il o ot 47 B it I AR WL AR £
Fig. 9 Appearance of rock samples during NaCl (1-3) and Na,SO4 (4-6) salt aging test

S —

6 2 4 & 8 1 2 14 18 18
B
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0 2 4 B 8 10 12 14 16
i+ 2

B2 EREF (AR A (BB Se i 1 A vh i B R — L 23 b
Fig. 10 Normalized percentage of mass loss during salt aging test (A) and freeze-thaw cycles (B)
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Fig. 11 Appearance of rock samples during freeze-thaw cycles
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