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Fig. 1 Sample collection position and photos of samples
(a): Weathering at the bottom of Yardang near the No. 2 water

source of Dahaidao; (b): Sample collection position; (c): Photos

of samples
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ot & 85, PR AR B (Jb 5D {8 A BR A F] Leica
DM2700P, X i £ 17 43 4%, 1% [ Bruker (£ & %) 2 6 D8
advance, ORI, 22 50 SR 32 50 C R X284 R ] Micro-

Active AutoPore V 9600, 8 T {ai%1%, FE8R K /R B A R
22 F] ICS-600. ZL 4k )6 it 43 Br AL, 3% [ %8 B G R AL £
(Thermo Fisher Scientific) /A 7] 1S5, $i & A% 6%, = H
HORIBA Scientific | % LabRAM XploRA PLUS %, 4t
T WM RN, REERY (L) H R A TESCAN
VEGA 3 XMU,
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Fof 41 B4 78 F (35 mm X 25 mm, & 0. 03 mm) i £7 2
M E S m T AR, W A A M WAL S, bl
A Jo A AR AR SR, HieBR SY/T 5163—2018 A A+ 59
FVE DUAE R 4y XA 5 43 BT O 6 A 4T XRD
B TR A 0 RS A B4 A LA 9 2 e A AR T
St 4K 0,027, AEEATE] 0. 15 s, WA P42 280 mm, &
Wopess 0.6 mm, BSR4 5.7 mm, HJE 40 kV, B 40
mA, WA B ARRT E W e 2.5°~15%; Hr i i A e
i 2.5°~30%; MR (450 CHE I F: 2.5°~15°,
1.3.2 FUBUHE R 947

Mg GB/T 21650. 1-—2008 H 7R 15 1A A4 W B 12k ) 72 [
T RLFL AR 43 7 A0 L B T 2 00 3o o 1) L B 8 R L AR 43 A
O MRSl SR EH 13.546 2 g » mL ', R 7 884
fil 1 R 130°, (RS A 3. 789 5~206. 7 kPa, &l FH A
206. 7~413 400 kPa,
1.3.3 TE#HZ

PR 25 BT B A K SRR Y R 2 A 4 B kAT
AN . B BRI A T BB AR T, AR T
0T 43 AT 25 TR 68 ) HE R O R ORS A I SR R 2040 S QR AL
BT O M A AT - FHHRECH 16, LI HEE A 4 em ',
SRR N 32 s; BL& JEREMIR 4 15 OB WK R 785 nm;
WO K 1002 BOGEHEA 1200 gr « mm™"; HHITE
S 2 000~50 cm™ ' 3 K, B 60 s5 BT 55 L
B A0 BIFRBUSE B AR SN ik & 50 mL, MR 30
min, #% 24 h, B E)ZER, AR 0.22 pm, HF#E 13 mm
7K R B SR 2Rl U8 A kvl OB AT B g i
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Bl 2 7R, FER 061-1 F 061-2 J& K 1 (00 3% B J8 b
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LBRER . KRB WY . 061-3 MW THRA, BN
U PO, A REDR R8T, T SE A URDRE
B 061-1 F1 061-2 /o =/NHFEdh B9 A R 5y — B B8
BAARKES M09 AT MR A, EXHLT
AT FREZERER, WEHTLUAH, 8 =26
Yy om . B0 B R,
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Fig. 2 Photos of three samples under orthogonal polarization
and single polarization
061-1, 061-2: 100X; 061-3: 250X
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JGi o oo AR ) 9.6 Al P ICRE B b 0 52 05 47 B T Ca 52
WA
2.2 FLES

061-1, 061-2 F1 061-3 Fy L B2 2 4> %] K 30.788 6%,
29. 825 0% 1 28. 9276 %, 22 T4/, FLA% 32 B 43 A Y0 1Bl 43 41
HTF)E6.0~40.2 ym, H/)Z 3. 7~45.2 ym. LJZ 6.0~46.2
pm, ZEFARE ). =AW XA L B EE RFL AR 43 A 25
SR 2 B I 2 o S [ b )23 1 XAk 326 B0 45 L B o G vk
KEK .

2.3 AEAHRSW
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@ | 79 1524 1 Quartz-Si0, ) |17 1 Quartz-Si0, © | 1 Quartz-Si0,
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Fig. 3 X-ray diffraction patterns of 061-1 (a). 061-2 (b) and 061-3 (¢)
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Table 1 XRD semi quantitative analysis results of three rock samples( %)
HMATR  HEME Fap KA AR A T5 A fH FaED UEUR
;13 4N mn L 3 7 i 75 i3 o N
CEBA PHE S8R
061-1 S 44 29 7 3 1 - 15.6 0.2 0.2
061-2 [ Sy 3 44 18 10 6 — 3 17.6 0.8 0.6
061-3 B2 30 21 11 5 — — 28.7 2.3 2.0
x2 ZENUREH#SRHENEFRESWER (mg- L")
Table 2 Ion chromatography analysis results of three samples(mg « L™')
=T A~ EL —1
N . B &R/ (mgs LD
PERGS  REROE — . . :
Na™ K" Ca® Mg? " Cl SO% NO;
061-1 = 3.12 0.036 4 0.162 0.015 4 0.608 3.26 0.231
061-2 [ By =3 12. 88 0. 144 9.16 0. 854 22.92 0. 164 0.632
061-3 oy 2. 64 0.029 5 0.128 0.0137 1. 86 0. 559 0. 846
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Fig. 4 Pore size distribution of three samples
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EDS(3 3) A 41, 061-1 H145 NaCl 57 J7 ki . ok Na, SO, &
UL R T @ JE# CaCly 5 061-2 H14 NaCl Fif# ik CaSO, f 4
PR TE 4R Ca(NO;), » 4H,O Hl CaCly; 061-3 Hi 5 K&
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m 061-1 |8
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Fig. 5 SEM photos of salt crystallization of three samples

B 6 JEAE i PRI 2 BRI LA OEIE S A A R . SR
7 0 A AT 04 X I I T L 2% 4. 061-1 h & NaNO, A1 JE K
Na,SO,; 061-2 H & F Ca(NO;), « 4H,O; 061-3 H & A
NaNO; , Horr 061-1 i b 9 7 B2 £ 7 AL W B0 . 3R W%

i Y DA R h (Na, SO 2

®3 ZAHRERLN EDS HIER(Wth)
Table 3 EDS analysis results of salt crystallization
of three samples(Wt%)

%5 N O Na Mg S Cl Ca
1 — 16. 9 26.2 — 1.8 55.1 —
2 — 45.9 27.9 — 26.2 — —
3 4.1 50. 4 29.5 — 16.0 — —
4 5.9 46. 0 0.7 — 23.0 24. 8
5 5.4 47.4 — 2.6 — 24.2  20.5
6 — 51.6 4.0 — 20. 6 — 23.8
7 — 3.1 33.0 — — 63.9 —
8 15.0 50. 5 28.0 — — 6.4 —
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Fig. 6 FTIR spectra of salts from three samples
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Na, SO, 5 061-2 45 ## £7 5 CaSO, Fl Ca(NO;), * 4H,0;
061-3 A NaNO, , #1718 CaSO, .

4 A BTN . SEM-EDS. £ 4MG i . 78 e ik & a4t
RN, 061 A i b fi JiK )2 12 W] ¥ 3 DL NaCl #1 Na, SO, 24
F, A LHE CaSO,, NaNO, F1 CaCl,; & — 2Lk NaCl f
CaCl, ¥, & A & Ca(NO;), » 4H,0, Na,SO,
CaSO,; 55 =2 L) NaCl H £, &F b H# CaSO,, NaNO, F
Na, SO, . 5 2 AT & R (3. 340D,

WE 2 R TE 2 5 AU b BEE 3 8 S e RD TR i — 2R 4 1 e
B, FAEKEMHT K, 728N b B K S, TBR T
KA i KT B TR AR 9 9k K A £ b 70 T K I
LK o TEKBIVEI T HESHIR 2 R B SR B K & 3, 76 B 4
K ETHR B, s AT EREIE R E 6
A ERNT o AN IR R 2 PG AR UTTE 19 1 B P E T RERR R 26
ORI AR KRR D, fh T R A R A R AR AR 3R B (gt k.
AR PREMTH SRS, EEHB R D, HRZ2HE
A G R WA AR B AR R AR E KT R
RO PSR Wk AR R 1 =2 A KUk DK R [ R
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DO BMEN TR REE TP TR, B TR/ TR SRR, SR R T RZE
KI5 Gy AR R AN /5 hk A0 28 S AE ST T B B R AR [ R Fil 0 . TR ) KA R B, 5 R RO R R R
RN EZ N, iR JE TR L Na, SO, 7 F, Na, SO, AR N, SRR BB, R 8 (B D
FESHCE AN WBEIN, BRERMK, REWRHIE. NaCl 2. SAEHARYS . BERMK, %28 K& 85N M Tk
MERRE JI SE SR . AR AESE R MR =%, M Nap SO, B MR IK B T SR 5 R R B =) T A OB R T B 2
NaCl BRI PERN LSS 2 RAL TR BE A R B0 . EANEE ER LB ™ T e 3 e A S LB 2 W ML B4R

TRA AT RN S CaCly, CaCl, A Wit

F4 01 EIHLERESR NOy 5 SOI™ BILLIMFAEUE 5 55 A 2 45 4E 1& 59 X3 Bz 45 52
Table 4 The infrared spectra of characteristic peaks of NO; and SO}~ in salts

were extracted by 055 corresponds to the characteristic peaks of standard salt

W B4 R X B fe 4 X R A 44 T 4125 i 7 A A5 i XSRS AR AR S
R NaNO; 1379, 1353 837
PR Ca(NO3), « 4H, O 1437, 1 367 1047 815 748
FrifE G 7K Naz SO, 1118 635, 610 474
061-1(NO;3 ) 1384, 1 360 834
061-2(NO3 ) 1429, 1 384 1 050 820 750
061-3(NO3 ) 1 360 834
061-1(SO7 ) 1115 639, 651 460
(a) (b) © 1066
S S S
g 061-1-1 f:) f:) | 384
061-3-1
061-1-2 061-3-2
T T T T T T T T T T T T T T T T T T T T T
200 400 600 800 1000 1200 1400 200 400 600 800 1000 1200 1400 200 400 600 800 1000 1200 1400
Raman shift/cm™ Raman shift/cm™ Raman shift/cm™
B7 =1MHERERBNASEIE
(a): 061-1; (b): 061-2; (c): 061-3
Fig. 7 Raman spectra of salts from three samples
(a): 061-1; (b): 061-2; (c): 061-3
x5 061 REIVHLEFZE P NOy 5 SOI™ WL B FF1EIE 5 iR Hh FFAEIE XS R 1R
Table 5 The Raman spectra of characteristic peaks of NO; and SO}~ in salts were extracted
by 055 corresponds to the characteristic peaks of standard salt
544 FR X B Ak 4 X R fep 4 TH7 P9 25 1 AXRRAS f RS X RRAE f AR B
FrifE NaNO; 1 388 1071 729
FRUE Ca(NO3), « 4H, O 1419 1059 744
FRUETC K Nap SO, 1101, 1132, 1153 994 620, 632, 647 449
T VEERE 7 B CaSO, 1112, 1128, 1160 1016 608, 627, 675 417, 499
061-1(NO;3 ) 1 384 1 066 722
061-2(NO; ) 1049 742
061-2(NO3 ) 1084 1 066 723
061-1(SOF ) 1128 995 625, 634 455
061-2(SOF ) 1016 636 452
061-3(SOF ™) 1003 625 416, 495
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Spectral Analysis of the Weathering of Yardang Buried Pterosaur Fossils
——A Case Study of Yardang Near the No. 2 Water Source of Dahaidao
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Abstract
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100049, China

The pterosaur fossils in the Hami area of Xinjiang are very important. The Hami Pterosaur Fauna is mainly buried in

the Yardang of the Early Cretaceous lacustrine strata and enriched in tempestite. Once exposed up the ground, the fossils will

undergo different degrees of natural weathering, especially when exposed to water or moisture. Due to the action of groundwater

and intermittent runoff, serious salt efflorescence was found at the bottom of Yardang near the No. 2 water source of Dahaidao,

which caused the spalling of rock and the collapse of the upper Yardang. The weathering phenomenon of different layers from
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bottom to top are quite different, and the most intense weathering is found in the bottom rock. By sampling along Yardang
stratigraphic section, the lithology and soluble salt types of each layer are determined by using scientific analysis technology,
from a microscopic perspective to explain the mechanism of weathering of this Yardang. Polarized light microscopic observation
and X-ray diffraction (XRD) results show that each stratum contains quartz, feldspar, calcite, and clay minerals. It is no
difference in mineral composition, but there is a great difference in clay content. Accurate methods for identifying soluble salts
types include ion chromatography (IC) to determine the content and types of soluble salt ions, Raman spectroscopy (Raman) and
Fourier transform infrared spectroscopy (FTIR) to identify nitrate and sulfate, and the Scanning Electron Microscopy Energy
Spectrometer (SEM-EDS) to distinguish chloride, nitrate, and sulfate. The results show that the soluble salts in the lowest
stratum are mainly NaCl and Na, SO, , the middle stratum is NaCl and CaCl,, and the upper stratum is NaCl. The difference in
salt type/content in rock layers is important for diverse weathering setting. Combined with the climate and geographical
environment of this Yardang (extremely arid area, near the water source), this paper discusses the law of water and salt
activities linked to the weathering setting, and illustrates the main weathering mechanism this Yardang. The weathering reasons
of Yardang are that, the internal cause is the different lithology of each sedimentary layers, and the external cause is the
comprehensive effect of water and salts (NaCl, Na, SO, , CaCl,). The strong water and salt activity caused the serious chemical
weathering of Yardang with Hamipterus fossils. This weathering mechanism can also explain the strong weathering of

Hami pterus fossils and their surrounding rocks after undergoing moisture erosion.
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