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Abstract: The Lower Cretaceous Bayingobi Formation in the Hari sag, Bayingobi basin, Inner Mongolia, is a typical carbonate-
type alkaline lake during the depositional period, and a large amount of Na-carbonate minerals developed during the salinization of
the basin. In this paper, electron probe, X-diffraction, carbon and oxygen isotope and laser Raman spectroscopy were carried out
to analyze the layered, speckled and vein-like Na-carbonate minerals in the trona layers of the Bayingobi Formation. The Na-
carbonate minerals in the trona layer are mainly composed of trona, nahcolite, shortite, eitelite and bradleyite, with a small
amount of hydrothermal minerals such as pyrite, chabazite-Na, searlesite and albite. The results of carbon and oxygen isotope
testings show that the Lower Cretaceous trona layers in the Bayingobi basin were formed in a closed alkaline lake environment, the
Na-carbonate minerals were formed at a temperature range of 34—80 °C (average 57 “C). Under control of exhalative deposition

and evaporation, silicate minerals were first formed in the trona layers, and then dolomite and calcite were formed, after Ca’" and
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Mg*" were almost consumed, trona and nacholite were precipitated. With sufficient Na* brought by the hydrotherm, the early

formed dolomite and calcite underwent metasomatism to form dawsonite and dawsonite. Based on the comprehensive analysis of

mineralogy and geochemistry, the Na-carbonate sedimentary model of alkaline lake is established, which is controlled by

hydrothermal exhalation and evaporative deposition, it can provide a new idea for the exploration of trona deposit.
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Table 1 EPMA quantitative analysis data of trona deposit minerals in Bayingobi basin

BE & ) it T
a2 Cl Ca0 FeO F SiO, MgO SO, P,0, Na,O B,O,
R (%) 2B
i B
1 2k40-1-1 0.499  3.799 0.185 / 0.147 0.006 0.067 1.074 1.362 / 7.026 -
3 2k40-2-1 0.018 / / 0.004  0.006 0.008 0.013 / 21.517  2.341  23.901 FATH
4 7k40-2-2 0.016 / 0.005  0.042  0.007 0.014 0.010 0.012  14.637 / 14.721  H4TH
6 2k40-3-2 0.015  0.015 0.027  0.029  0.014 0.011 0.025 0.002 9.576 / 9.699 IRITH
7 7k40-4-1 0.002  0.065 0.083  0.022  0.101 0.025 0.020 0.020  29.750  2.948 33.027 IITH
8 7k40-4-2 0.007  0.036 0.022  0.097  0.025 / 0.021 / 7.791  2.839  10.795 HITH
9 2k40-5-1 / / 0.039  0.013  0.012 0.017 / / 10.249 / 10.325  JRiTH
10 2k40-5-2 0.008  0.015 / 0.064  0.008 0.011 0.020 0.010  15.387  2.965 18.459 FITH
11 2k40-6-1 0.040  0.053 0.011  0.028  0.012 / 0.033 0.034 8919 2761 11.870 FRITH
12 7k40-6-2 0.005 / 0.028  0.049  0.002 / 0.015 / 29.754  1.433 31.264 FATH
13 7k40-7-1 0.006  0.021 0.044  0.017  0.009 / 0.015 0.005  27.257 / 27.366  HATH
14 7k40-7-2 0.008 / / 0.096  0.014 0.002 0.004 0.021  16.968  8.735 25.806 MITH
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LZya
T B
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f2ra
_ ~ T B
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ik &M
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B ik
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il
22 zky001-2-4  0.008 49.086 / / / / 0.009 0.007  10.734 / 59.842 -
T B
23 zky001-3-1 / 38.699 / / / / 0.013 / 14.226 / 52.938
f7a
T B
24 zky001-3-2 /  43.068 / / / / 0.014 0.002  12.825 / 55.909
fiza
_ i
25 7ky001-4-1 / 48.122 / / / 0.010 0.018 0.054 9.015 / 57.219 =
AIJ
itk M
26 zky001-4-2 0.004 44.877 0.017 / / / / 0.013  12.111 / 57.021

B0
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27 7ky001-5-1 0.004 40.985 0.011 / / / / 0.298  11.504  1.939 54.740 -
B B
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e
T B
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AIJ
il M
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il
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i
33 7ky001-6-3 0.008 46.507 / / / / 0.002 0.002  13.688  3.495 63.700 -
B
34 zky001-6-4  0.026 47.114 0.080 / / 0.012 0.009 0.009  13.368  3.233  63.845 -
¥
T B
35 7ky001-6-5 / 46.193 0.131 / / / 0.002 / 13.667  0.313  60.306
faza
36 zky001-7-1  0.010  0.045 / / 59.460 / 0.034  0.017 1.239 / 60.803 AR A
37 zky001-7-2 0.110  0.026 / / 58.950 0.022 0.019 0.037 1.098 / 60.237 4K A
38 zky001-7-3 0.033  0.083 0.057 / 55.161 / 0.003 0.085 1.178 / 56.593 KA
B il
39 7ky001-8-1 0.022 46.325 / / / 0.002 / 0.044  12.040 1.208 59.636 -
B B
40 7ky001-8-2 / 45.292 0.057 / / 0.018 0.002 / 12.062 / 57.431 -
¥
_ i
41 zky001-9-1 0.036  45.919 0.011 / / / 0.011 0.022  10.690 1.835 58.516 -
i
42 zky001-9-2 0.003  39.520 / / / 0.036 / / 12.449 / 52.007 =z
AIJ
ik
43 7ky001-9-3 / 40.567 / / / 0.002 0.006 0.031  11.306 / 51.912 =
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44 7ky001-9-4 /  45.076 / / / / / 0.035  10.249  1.607 56.967 )
510
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45 zky03(574)-1  0.002  3.718 0.091 / 58.814 0.010 0.011 0.030  10.414 / 73.090 B
{
GBS
46 zky03(574)-2 / 0.070 0.119 / 64.745 0.010 0.014 / 12.729 / 77.687 -
{
HHZE
47 zky03(574)-3  0.006  2.888 0.102 / 60.940 0.020 0.004 / 10.875 / 74.834 7
i
48 zky03(574)-4 / 11.115  20.778 / 38.533 6.959 0.036 / 1.553  4.874 83.848 W HkH"
49 zky03(574)-5  0.010  0.064 0.193 / 60.852 / / / 1.322 / 62.439 KA
_ il
50 zky03(572)-1-1 0.081 36.923 0.161 / 0.567 0.036 / 0.011  12.647 / 50.408
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Fe Cl CaO FeO F Sio, MgO SO,  P,0. NaO B0,
H (%) &k
il
51 zky03(572)-2-1  0.010 38.526 0.028 0.276 / / 0.028 / 16.523 3.226  58.499 o
52 zky03(572)-2-2  0.011 49.438 0.006 / / / / / 5.836 / 55.289  Jif#fi
fik Al
53 zky03(572)-3-1 0.022  0.918 0.067 / 62.659 0.005 0.096 0.014 11.937 5.495 81.208 W
il
54 zky03(572)-4-1 0.001 37.614 0.011 0.107 / 0.014 0.010 / 17.933 / 55.645 b g
JJ
N
55 zky03(572)-4-2  0.028 49.992 0.084 / / 0.015 / 0.042 6.728 / 56.883 G
56  zky03(572)-5-1 0.013 61.140 0.237 0.001 / 0.141 0.023 0.048 0.082 3.267  64.949  Jrfitfa
il
57  zky03(572)-5-2  0.001 46.290 0.022 0.238 / 0.004 0.014 0.019 11.566 / 58.054 g
Tl
58  zky03(572)-5-3  0.005 44.361 0.028 0.137 / / / / 18.290 / 62.762 wr
4
. Wk B
59  zky03(572)-6-1 / 46.007 0.039 0.045 / 8.728 / 7.521 15.235 / 77.556 W
il
60  zky03(572)-6-2  0.015 49.681 / / 0.013 / / 0.026 7.971 / 57.703 b g
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4N
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&l
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4
&
65  zky03(572)-8-2  0.001 50.770 0.124 / / 0.021 0.070 0.006 6.360 / 57.352 e
3]
66  zky03(572)-8-3 / 49.560 0.084 0.182 / / / / 17.029 / 66.778 e
—10.25%0~—0.78% , F¥MEA 5720 H =T 4 §3}ip

HOUC H A T —2.63%0~7.22%,, ¥ 1 H 2.74%,,
3O A T — 9.68%i~ — 2.47%,, F ¥ H K
—7.28%,. 17 AN HE P 8BS0 R T — 12%,, F W1
T 45 S A7 WA VR 5 N Home LSRRI 3R 4
B R T TR 1 G I K A e SR IR A 2R A R
i, BEA% Ok Sl J5L 0RO DT RRVR B 15 B, = H ik VR
] o7 2B -+ 3 A T, AR 3 B A ] 0 D0 B R
WL

4.1 MRIRE

JC R M ER Ak 2% B AT )Tz TR DR
O B B B E (Keith ez al., 19645 Zuo et al.,
2023) . A% SCHE ) FH Btk 420 R 67 3% 04 R AE R BIF 53 43 B 2
B KORE ML N S AR R A R A M DU R R L A
TURR R BR R 5 7 ) v 67°C A1 80 32 < M [ ZE A ok
KA B B ()22 45, 2021) O iR T 41 1k K Rk 2%
K OEC I COL 5 Kt gk, i B K 87C
TR, B R 2 b 81C A 5 2 I N R
(XUER, 2017) 5 [A] B 9 7K B R AR URL BE 1 °C L, iR $h i
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Fig.3 Characteristics of Na-carbonate minerals in the Tamusu Trona deposit in the Bayingobi basin
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fE A S CE A BE AR Z AR5 1.5 2 R R (Talbot,
1990; FHF#ES, 2013),7E0°C M "0 Aty & i (K]
6) , BIF 7 DX A J2= A it ik 4[] 07 38 46 K 22 B0 T3
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Fig.4 Common minerals in the Tamusu Trona deposit in the Bayingobi Basin
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I Na— i R £h T2 WA [ By B . A4 3 R it 45 o5 9% 7
B3R, AR RAETRS BT AAaTNT WS
KA — R HNVEEIN A AR A W R 0 R B
] {37 & 1945 1k (Hendy, 1971).
4.1.2 HEE N WIIA R B4R BO0T LU o A
e TR £k 11 Al 4L TR) 437 2 s ikt , Keith ez al. (1964) #2
F B R £ A 19 810 F1 87°C X 434k Bt Bz isf A% B 397
F14) A 7K i T2 6 2 FIIR AR TR 625 i A 5K (1)
Z=2.048(8"C+50)40.498(3"0+50) , (1)
280 FSC B FLAL N Yo s Z BN T 120 B, S iR
IKUCRR IR 5 Z (KT 120 B, Ay Vi 4R U0 AR B0 5 o o
A B (X 2 % 45, 2021 514 W 85 45, 2022) . 3 5F
Xif F 9 DX B A 2 B TR R 7 4 ik AR TR 2 T Z (H
(F2), B REREL B 2 #F & Z (A S Bl 7E 120.7~
142.8 Z i) , F 414 K 130.95, 9 JF /K 355 .Sr/Ba il
Rb/K HAE W E A B R U dn i 2z — , AT /E R
P PG R B 0 B AR AR BRAE MG (2018) 38 i i
H MTFE & S BE ST R 43T, Sr/Ba Ml Rb/K L {H 53
Wik 0.39~1.45 F1 0.002 1~0.006 3, F- 24 43 51 Ky
0.740 0 F10.004 6, & B FL (1 W AHE 05 H 191 BG4 35 225 o Jak
PINSRTRAE 7S
413 HIEE "0 SAKMEEEXRENEY E
R R MR E B S ME TR, 00 Bl T BE T 1 A . AR
SR O Neil (1969) £8 1 #9318 H T 0~500 CIG L

B PR Rl TR R — K 22 TR R TR AL R R AR O R
N(2):
1=16.9—4.38(8"Oy pp.c—0"Oy ppys,) +

0.10(8" Oy ppy.c +08"Oy ppys )" (2)
A RRIEE BN C 580y pon.c HEE A 870
1B, B AL R Yo 5 8O g A Tl ZKAK 1Y 87O {8, B2
Sk %o HH T B AR BT B T [R] B 1 3 K 9 8O (E 1Y
SME BB K, B R AR S s ey O L AT A TR
TR R 408 T 7 M 11 20 K AR B I A
TRE 51 20 Y 6O L (3.078%0 ) A Sy [m] 481 18 7K 4 [R] 57
FAA PO U O T DY R R 3 PRI
K pHAE K 9.2, 0 FE K 16%0, M B2k B K , 75 15 W
Hb XCAE SR 5 0 5 X EL A 2R T A R 8 (5
JRUHE 122 A, 20105 SCHE [ 55, 20145 Bk 2 S A
A, 20185 ¥ W32 45, 2022) , R I, AR B A 5L
w0 TR 309 98 KA AR TR 67 2R e SR P U A A
T 8O -ps 17 3.078%0 (4 RUHE FI 22 1 A, 2010) . 1153
SEHRW, E G OBE B L AR TR AR W AR
T E A 34~80 C(SF-H41E 57 °C) .1 S% 4 b 75 74 Y [
T ARG T 14 AOK TR SR JE R 57~105 °C,
SEHI R 79 CCAEE A, 2014) ;0 H MG R 245
POK TTRUE IR B Ol 44~86 °C, -1 62 °C ([ & Mg
FIAT % A 55, 2018). 4% bb , #F 92 IX 9 & 0 A1 T
T SR Z5 M, 5 A RS (2018) T4 T B A O
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Fig.5 X-ray diffraction analysis of the whole core sample of the Bayingobi Formation
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Table 2 Carbon and oxygen isotope analysis and test results of trona deposit in Bayingobi basin

FE A /T R (m) 3" Coppp(%0) 8" Oyppp(%0) Z
7-8 Hz R E 341.0 3.08 —9.56 128.84
7-2 EPN I 387.0 7.22 —5.83 139.19
Z-3 = R 403.0 —2.63 —2.47 120.67
Z-9 Mz R A 407.0 1.83 —9.68 126.22
Z-4 Mz BT 433.0 0.28 —9.27 123.25
7-5 =R 433.7 5.09 —4.62 135.42
7-6 M= TRAE 471.8 3.72 —8.04 130.90
7-7 M= R A 574.0 3.35 —8.75 129.79
Z-11 WA 387.0 1.72 —10.25 125.72
7-18 o WA 407.0 2.78 —3.73 131.13
7-17 B WA RIK 341.0 2.22 —2.86 130.43
Z-1 PR3 337.0 8.88 —5.38 142.80
7-12 PR 403.0 1.20 —9.93 124.81
7-13 PN/ 433.0 4.44 —0.91 135.94
7-14 PN/ 433.7 4.31 —0.78 135.73
7-15 RS A 471.8 3.77 —1.80 134.11
7-16 RS A 574.0 2.66 —3.34 131.08
min —2.63 —10.25 120.67
max 8.88 —0.78 142.81

average 3.17 —5.72 130.95

I+ Z=2.048(5"Cyppy+50) +0.498(8" 0y ppy+50) (Keith and Weber, 1964); t=16.9—4.38(5" Oy ppy o« —

8]80\/1’])}5.[’) +0. 10(8180&'14)3 ot
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Fig. 6 Carbon and oxygen isotopes of carbonate and open-

ness comparative analysis in different lakes
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b B Al ok CO, #OK X Na— filk iR £5 1 1S 21 Tk
FEVEAE ), Hammond ez al. (2019) i i % Bridger 7
i 2 J7 20 7 B> A, A5 H 2% A 2R R 2H Na— B iR

b W K IR TR R T kL3 B e
AR KA A Ak 2 4™ A T RS

EL R RE A R B 2 ARG L (L H MG
PR BA TR DA, 32 MR 76 S 1 1 A] X 43 A
P e | 1B QLI N R N L B o Y Bl i [ 5
YR TR g 8 U TS TG 9 A AR R T A 4 A, Ll
R B A7 AR W S L B2 a0 A 5 I
A F AR — B 7)), B B kT 3h % RE b e
W B A 78 2 1Y) Na™ F CO,, K i) iy 3 R &R
BB 3 A ) O R
432 HYHEBTRERENa—BEBEHEZERX &
RZEW LK E 84 B i 1 (F 2a) , & — A JH 11
REH — KRB FE, LT BN AR ES 6,
HAT @82 R A = R A BEASCR B s e s
I AT A 5 KRB A )2 21 B P A& R AE (K 2b)
F B YIRS R 44 B B

55 LB B < 1) 4 E — 1> i A0 A 59 B0 T R
RO T 5 W ORI e fik ke B IR W I 4 2 L
Yy 5t LA K Aok Bl 5 e K B ik B R S B
A R SR kA 5 R A A RE R AR ) (18] 8a) (Sur-
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55 3B s A N R A DTV TS RE T K
T Ca’ R Mg™", i 75 A F B R BB, Na ™ ik B 4%
o T AR T SRS Bh A R R R 1 CO,L E
AW 22T, o KR B8N 5 AT A 1 Bk 4 4t e U
080 JEC R B AL v B, SR R SR R I JE (Eugster
etal., 1965) , Rt , 54T A7 25 TOVE Hh ke, 1M Fifi 5 44
VBB 5 B T DS R 2 T R, R SR B TE K R T
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Fig. 8 Schematic diagram of the genetic model of Na-carbonate
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