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Table 1 Composition and formula of clay mineral
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D1 550 AFE+45% KA

D2 40%EHE+30% K H+30% S A
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Table 2 Composition and formula of salt simulation
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Table 5 EDS analysis results of salts extracted from

three Hami sandstone samples ( %)

N 0 Na Mg S Cl Ca
50. 1 15.3 1.5 2.0 27.7 2.5

1

2 10.5 49.4 3.1 - 13.4 23.7
3 5.9 52.7 25.1 - 14.7 1.7 -
4 8.6 52. 3 2.9 - 17.5 18.6
5 47.8 3.1 - 19.2 - 29.9
6 4.8 49.2 28.0 - 16.8 1.2 -
7 60.4 4.0 - 16.3 - 19.3
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Table 4 Ion chromatography analysis results of three Hami sandstone samples 75 i /£ CaS04 'Kk & & T ¥ & Ga

* E 1458 g
e o EFMHYEE (ne/L)
£ Na+ K+ Ca2+ Mg 2+ cr
055-1 B/ SRR 115
055-2 JAEK 35 1.30
055-3 fREK ) 0. 485

0.0070 0.0063

0. 0584 1.32 0.228 1.64
0.0608 2.35 0.347 2.27

0.0012 0.128

(NO,)2 +4H20 #1 CaCl2 5%
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0.192 286  CaS04

0. 637 4.30
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Matsukura et al., 2004 ; Steiger el al., 2007 ;
Espinosa et al. *20C8 ; #i6 B% »20[7) yK&ES)
(Steiger, 2005) AR E SE A 4 BT L5 [EHY
{EF 251k Goiulie et al. . 1997)5 NtA AW
R KBS o Bt AN SR A A WA A
TALAESE NEAEZFR EHEE 2019) - HEZ
SR A A B E R o BRI 288
TERAETRIEA

A A BH 2 HE R B 1 25 P S 2 R X
(ERVE R R ERA R KEZ I SRK U84
RSB S AU R % B @R E 02019) - HZ
AIEHY 4 R BB E R baimA iz
EXBOERAEM AT REXE EhaagEs
RS MAERIAM K M EREE A DR RE R
MEREE RiE A E LRI S A
FHIRACHIEE AT RE S5 A TR A - #E Il NaCIHY &g —
B 45 I 45 & E T Na2S0 4 25 - Na2S04 « 10H:()
HI7K & T f2 28 Al FEl S BV R R DU X 43 &
(ARG PR A 1 NaClfl Na2S0 4 At /K K& i f e
AR RSB 45 B NaCIfl Na2SCh R g 3 R AT A< A
B EZFEW - ALERAMNE I RERZFREL
HENGE LR UEREREEITEE(E Hiam]
B EHIIE FALHE W — T iR iR p R R4
e[ EFI7K & RBERN R L 9E Eh By M & B A =2
FXAELE OF 6 )FRALEZER XL AR
E L& K EEA 2 fHE B] 41 Database: saltwiki »2021)

o A T 5L A R R 3 R 1Y BT 07 F7 NaCl NaN(Q)3

CaCl2 €a(NO,)2 i1 Na2S04 #X 5 FiEh 15 K [ERE
THY PRI YHE A6 Fion o iR/ TS e
JIHEF S CaCK >Ca (N0 ,)2 > NaCl > NaNO, >
Na S04

DL2018 b SE L F B 2 E R REN
68%( 8 H U & 307 1) A KR &y 38% (3 HIRE

101 ) BEZLEEZ 38% ~ 68%. (We ) :weather

* 6 SRS MEATIREE R EDEE T AR
FANHERE ORH ;HE Arnold et al. »1991)
Table 6 Deliquescence humidity of hygroscopic salts at
various temperatures ( %RH :Arnold et al. , 1991)

R MBS sy O 10X 20K -Eb #k 50t

CaClz *6H:( 41 39.4 30.8 22.4 18.4 16.3
Ca(N03)2 +4H:0 9 565 53.6 46.8 35.5 21.3
NaCl 75.5 75.7 75.5 5.1 75.2 74.8
\Valo 80. 1 77.5 75.4 7.1 70.4 68.0

Na,S()4 +10H:0 84.4 85.6 93.6 &7.9 87.9 R88.4
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2018) #E L HE W AR ASAF AT B 5 09 B4 (R0 FE Y
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BER R AIA AT 2 CaCl: f1Ca(NO, ) -4H: 05
IR S EE O HIE0. 9B .09% © AN
GIRALK B FLIR LR E K TR EK 8 2EHEWN
T~1AFE ERIETIS NS S 2 YR T3 45 0y
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B 5 RAE IR 1Y 1736, H 2k 3= 22 £ 2 2 1 o figt
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SRS EM B 2 A SEEBRR
MR SR SIREXET | A1VEETS)
ANE AR VYRR AT A S XL
2 .5 BEPIRKE RHERITIS
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Fig. 9 Phenomenon changes of simulated samples in temperature and hamidity evele weathering experiment (1)
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Study on the unusual weathering of the bones and eggs accumulation

with embryos fossils of Hamipterus tianshanensis
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Objectives : Flic skeletons, eggs and embryos are of great importance in tlie study of pterosaur reproduction
and embiTonic development. One specimen with more than 200 pterosaur eggs, eml)n;os and skeletons was found in
llie Hami Gobi. However, after the fossils are transported from extreim*lv cirid and strong saline—alkali Gobi desert
to Ilie relatively humid environment, such as Beijing, they will undergo severe weathering and become broken
gradually from the outside to the inside. Fhe tempestite ( siirrounding rock) rich in bones and eggs, is prone to
disintegration and pulverization, causing precious fossil to fall off dnt* lo lack of support Irom surrounding rock,
while tempestite witliout fossil is stable. In order to understand this unusual weathering phenomenon on the same
fossil specimen, the surrounding rocks with weathered fossils (D )(@es and eggs ( emhiyos) were comj)ared with no
weathered surmundin® rocks in this paper.

Methods : A series of analytic* methods, involved polarized light microscope observation, X-ray diffraction
(XHD ) analysis, mereuiy intrusion test ( MIP ), ion cliromatogmphy ( IC) analysis, Raman spectroscopy
( Hainan) analysis, Fourier transform infrared spectroscopy ( FTIM) analysis and scanning electron microscoiiy
(SEM-EDS) analysis.

Results :The misults show that compared with the no weathered suiTounding rock, the weathered suiTounding
rock ricli of fossils, the content of clay minerals (mainly calcium montmorillonite) is lower, and the pore size is
larger, which is more than 7 times that of lhe former, and solul)le salts content is higher, which is 36 times that of
the former. The soluble salts of weathered sunounding rock are mainly deliquescent CaCl2, Ca(NO03)T « 4H-,0 and
NaCl, while the salts in the no weathered rock are mainly NaCl and Na2S04.

Conclusions : 1T could be speculated by simulated weathering ex|)eriments that there are two reasons for the
weathering mechanism of this fossil specimeMi. First, the tempestite in the area enriched with pterosaur bones arul
eggs (embryo) are heterogenous and of large pores, with loose structure and weak internal cementation. The
second is the high content of strong delifjuescent calcium salts in the fossils, which are sensitive to temperature and
lumiiditv changes. In addition, different Irom the dense and uniform sunounclin® rocks in the stable area, the
boundary between the fossil and the surrounding rocks is great inliomogeneity, which is more prone to rapid
weathering under the fre(juently rheingin®; teni|)eralun® cind humidity in Beijing. Acc-ording to the weathering causes,
some suggestions on the protection treatment of this specimen were put forward. This study has a guiding
significance for the presei*vation and const“vation (0 special buried fossils after excavation Irom arid region.

Keywords :Hamipterus tianshanensis :eggs and eml3i*yos ; \veatheriny; mechanism ;deliquescent salt; Hami;
Xinjiang

Manuscript received on :2021-09-13 ; Arc-gjjled on :2021-11-17 ; Network jmblished on :2021-12-20

Doi :10. 16509/j. georeview. 2021.12.011 Edited by :LIU Zhicjiang



