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Fig. 1 Photos of borate from Da Qaidam salt lake in Qaidam basin and Dongcuo salt lake in Tibet
Ca)—F R A0 ™ T T8 48 B3R R 3 K 58 BB AR R T 3h W I (Gao Chunliang et al. , 2015) ; (h)— =77 #i#b™ A
VU B R $h B AR 128 T B W AR LAY (Wei Lejun et al. » 2002)
(a)—Ulexite is collectedfrom the shore of the Da Qaidam sulfate-type salt lake in the Qaidam basin, Qinghai Province
(Gao Chunliang et al. , 2015); (b)—Tincalconiteis collected from the lacustrine sediments of the first terrace of the

Dongcuo carbonate-type salt lake in Tibet(Wei Lejun et al. , 2002)
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Fig. 2 XRD diffraction pattern of boratefrom Da Qaidam

salt lake in Qaidam basin and Dongcuo salt lake in Tibet
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Fig. 3 Differential scanning calorimetry, thermogravimetric analysisand derivative thermogravimetry curves

of ulexite from Da Qaidam salt lake in Qaidam basin
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Fig. 4 Differential scanning calorimetry, thermogravimetric analysisand derivative thermogravimetry curves

of tincalconite from Dongcuo salt lake in Tibet

HIRE R 474, 2°C, BLAERIEE TR 3R &R0 1L
558.5~619.3°C Z [a] = A4 HE & 14 i & 1R 19 55 4k
30. 3~198. 5 C 2 [a] H B 5 — o P e (i 78 = A 45 iy
K G DT — 5 K R A A = A S K TE
137°CHl 200°C 43 Wi & i & (Waclawska, 1995),
FE 642. 8~681. 8'C H B b 3 1) il e L oA 5 2R AN

B0, AR S 660 C L x5 SRR M B A1 (Na, CO;,
« MgCO; - NaCD) o ik Bg 8% 19 2 ff % — 3
(Turvaniovd et al. , 1996), =77 Wi #b Y fly 2%
WIRTE 200 C Z Hi A Wik 72 H WA — Dok X
6] PRt 3 45 200 C Sy BB 07 I B2 o M 3 ViR B2
F 300°C, KB JE N 300C,500C F1 600°C, 45l



SN (1

2164 http://www. geojournals. cn/dzxb/ch/index. aspx 2021 4

Sl T 8 B K I3 A R o A ) o A o

IR AR 1) it A Ak i R
AU Al A4 B 43 BT T 1 A 2 45 B B3 A 4 1) 4L 100-

s - ELIN R R 250 A o 7 v ad A BE AR S A 72 L Pk =

WE SRS BRI . S L o me AR \

HENV ) EN BN A0 B S B BT 4 SR b (Bl 5, & f; o

B MR B R BT . BT MR = §§§§§§::=——‘<\\

N ) A 53 i 2o R M A R S 0 v A B R AR -

(Waclawska. 1995; Garcia-Valles et al. , 2016) .
%Vﬂﬁﬂﬂﬁ?ﬁﬂ@ﬁj\ﬁgﬁﬁﬁ o 0 Z(I]O 6(IJO 860 1000
NaCaB, Oy (OH), » 5H,( —07108:2€ LB (°C)

NaCaB; O; (OH); » 3H,0+2H,0 B 5 S [ b 0 0 0 T 2 L

NaCaB. O, (OH), - 3H,0 108.2~155.2C Fig. 5 Comparison of thermogravimetric curves of

2.3

Jo B TR 2R R AN 3 1

NaCaB; Os (OH) « H, O
NaCaB; O; (OH)s + H,O

234.7~620.7C
NaCaB; Os (OH)

NaCaB; O, (amorphous) +3H,O

NaCaB; O, (amorphous)
NaCaB; O, (crystalline)

=7 WA A i L R R
Na,[B, 0 (OH), ] « 3H,0

Naz B1 ()5 <()H>| +3HZ ()
381.5~500.5C

Na, B, O; (OH),
Na, B, O; (amorphous) +2H,0

Na, B, O; (amorphous)
Na, B, O; (crystalline)

Na,CO; » MgCO; + NaCl
Na,CO; » NaCl+MgO-+CO,

P F I A2 o RO ) 4L 3K A R

=05 IR K A B0 A A AEAS TR IR R AR IR

T 3] 300 C Rt

ST IED 0" B A W 6. 48 4 0. 14%, 3% i B 1K 5

3.73£0.26%0, i B4k 22 TH = #) 670°CL 0" B fHH

borates from different origins
AL AR=F MW BL— L HHE =7 il
SR — A YN IR A1 5 R 2 — ORI 2k S B 0 A

Red line—tincalconite in this study; black line—tincalconite in Turkey ;

NaCaB; Os (OH); « H,O+2H,O

155.2~234.7C

green line—ulexite in this study; blue Line—ulexite in Bolivian

(R AR R AN 5 47 16 P A S 3 (9 B Be . 300 C

628.7~667.5C MT%{E&E}I‘% 5\“B {Eﬁ%ﬂi ,fziﬁ 3%0’\‘4%013/‘]6%

) (37 2 A8 4k 5 300 C LA F il & T 6" B A T g » 7™
A3 1000 B[R] 467 3R A8 k. 200 °C i BN Bl R Eh &

A2 K B KA T i R A B 1060 ~ 3000 Y Tl

30.3~198.5C

[ ZR AR . X R[] R AR 47 5 B AR A
FN b 45 K 22 81 2% ~ 3% 1 A8 1L — 3
(Swihart et al. , 1986; Oi et al. , 1989; Palmer et
al. ,1997; Kasemann et al. , 2004), {5 B H.7& #H [d]
e - 2 6 Y2 T S5 o 2

e 1R £ WK VE B B . 7E 200~500C 22 i), & 4= &

642.8~681.8C
_—

L WK Gk FE EL A A B R h 19 R S AR 7R 200 ~
300 C 2 [a] [A] {57 2% 2 8 B itk B 1 o 1 AT+ 3k 32 % iy
e B I KA 45 1 5 300 ~ 500 °C Z 18] B[] 437 2% I Uik
JE Tt 0 e 7R L R bR BE A R AR R T R AR AR
AL =07 B RS F0 80 00 A% A1 R R B, Os 2544 A0 B
Os 45 ¥ 54k o/ B, O; Fi1 B; O, (Garcia-Valles et al. ,
2016; Waclawska, 1995) , 3X F 45 #4 11 28 4k 5 W) i
[ R, 78 500~ 600 C Ja] JE &b 25 1Y 6 5L 5 FF

3. 7340. 26%0 2 Wi Jh & ] 4. 59 +0. 08%0. il BTt UK it o 5 0000 ) 37 3R i 3L B T o i T . DL AR

FE) 300°C Y 2o B b, & 0N AR A 0 B E R B W
—13.2720. 1170 B Wi AR E] —17. 11£0. 11%,. i/
Ak T %) 600°C 0" BEHH —17. 1120, 11%3%
Wi FF 5 F] —16. 0840. 20%,,
BESHRACETHENXER

=7 D A B A A A P R L S I

2.4

TR 3 76 SAAE P 2 72 P RS B[R] o2 2 2R Ak 32 B 32 N I
PR 8 - i K B BE |lr T B il 1a) T aF A U K
(Palmer et al. , 1989), %& i 1%~ 4%, W) i [7] 137 &

FEAIK (Palmer et al. , 1997) ; @& iR AH ¥ AL B B . 1l [+

i R AL Z - AL R X 5B AN B A =
AL BO, AU IR BO, 8] Y [6] {37 3 58 4 SO A 5%



R YUBUN R Eh PR AT AR b iy 0 1] 4o 3% 22 b 2165

(Oi et al. » 1989) . A% Wi 7K B B ) 8 [7) 7 3R A2 16
A LA 78 DORR B R 3698 F0 T It ik 1 7K 3 S e i 30 D
AR £6 B K FE 1 (Palmer et al. , 1997), = & 4H
AR B B B[R] A7 2% A8 A6 TR AY I 5 RN A2 o
B PR o i ) o 3R A AT R R AR .
2.5 MIREX

ORI BR Eh 7 IR rh A7 78 K i PR 25 K R ik 5
s A [ B B R 3R 25 S i b BT g S (g 2D,
R 0" B HFEARL 1740~ 3% BL 4 2 il J5 10 3L i
1f B 2 K B B K AR 3 8 (Palmer et al. ,
1997; Swihart et al., 2014 ), AR LK & B AE
200°C B ER R & A 25 oK BB KAE T iz R 1 Bl
& OV BAHFEAR 100~3%0, S HL T 55— 3. 45K
JBEE R AR B B AR B by AU AR AT
PR AR AR o' B A A B AE R ER AR XS5 1R
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R E gk B ot 80% By Bl (Kodolanyi et al.
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BooA B, B O A R A KO K R B ) R ALk
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AT B B A 3 AR A AE DY S B R
20 B 2 K L - AR, 5 1O 20 T80 0 B A A
B e K P 20 A T B A AR Y R AL
7,80 Y6 Y B R 0 7 B 4ty 300 & DA K 1 S 2 60 1R b
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Table 1 The §'"' B values of borate during thermal reaction

R L EE CCH AR 25 SMB (%)
JERE Na,[B;Os (OH), ] « 3H,0O 6.48+0. 14
200 Na; B, 05 (OH), (amorphous) 5.41+0. 27

= s 300 Na; B; Os (amorphous) /Na; B; O; (amorphous) 3.73+£0. 26
500 Na B, Os; (amorphous) /Na; B, O; (amorphous) 4.15+0.16
600 Na; B, O7 (crystalline) 4.5940.08
JERE NaCaB; O (OH) « 5H,0 —13.27=+0. 11
100 NaCaB; Os (OH)¢ + 3H, 0O —15.6440.07
200 NaCaB; O (OH)¢ « H, O —15.9340. 23

B .
300 NaCaB; Os (OH) ¢ (amorphous) —17.114+0.11
500 NaCaB; Oy (amorphous) —16.2440.29
600 NaCaB; Oy (crystalline) —16.08=+0. 20

VB =0 B 0 R 3R 45 M 51 B (Waclawska, 1995) ; 44 80 ff 45 1 81 B2 35 45 #4 51 @ (Garcia-Valles et al. , 2016), amorphous: Jf f 45

crystalline: 25 fh 2% .

®2 BRAAHFEFZKERSIEIBEEZRHIXESG

Table 2 Examples of differences in §''B values caused by differences in crystal water in nature

R AR AT P (6" B fED WAET "B D) 2l SCHk
Kirka " J& WS (—3. 8% TR (— 7% 3. 2%, Palmer et al. , 1997
Kestelek " f& SN ARAT (—9. T%0) 4R 5S4 (—12. 5%0) 2. 8% Palmer et al. , 1997
Tincalayu #" & MRP (—10. 03%) MR (—12. 2% FF KIS (—11. 6%0) 1. 1%0~2. 1%, Kasemann et al. , 2004
Boron ™ J& A (+2. 3% KR (+0. 6% 1. 7%, Oi et al. , 1989
Searles Lake A (+9. 35%0) =R (+6.5%0) 2. 85% Swihart et al. , 1986
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Fig. 6 The relationship between thermal reaction temperature
and §"' B value of borate from Da Qaidam salt lake in

Qaidam basin and Dongcuo salt lake in Tibet

A4 T 25 R A OE BT AR R+ (Ozol, 1978;
Helvacr et al. , 2017), X Fl#4 3 3R 55 M a5 3% 16 3
TE 5T 7 52 IR 3 5 AN R B o (B 78 2 Ml o I BB i)
WA e B - B R & ik % 5 IR AT REAE T 3%
KW PR 7 Y 5 1 Na-Ca B B2 5 ME DL A &% H 13
o BIRITE R T 52 455 7 0™ 25 10 4 e 0 i
RN B CEZ N HZS E SRR IR (A,
R 655D o iy b AR A R e B R K i g€ Al
725 5 B IR 6 T RE 2 I s DU AR R ER PR AT T ORI O) —
o8 2 RS0 R R A S S0 b B A P v e A Dy i T
18 B AR £ TR OHG 2 25 0N O ) L 00t AR (A 7R
E/ER W TTRR) 2T 18N A IR ER 07 PR 11 49y Joi 5 i
(Vladimir et al. , 2017) .

AL 2R SR A v ) W IR b T T AR A B i
iR £h 28 0o 5 KA T B (Peng et al. , 2002) , &K
P 52 36tk 7 ) 1R 4k 258 YA 2% TR It K i 7 AR A
o TERY R E BT ER £R 0 PR v s R 8 5T ARG b 452
= Ca/Mg W H A 1.2, 1 m B KA Ca/Mg
fH 2y 6.0, 3 3R WY U044 o 119 B O UL T 8 J5 ik IR £
(Wooford et al. , 2001), 1L 4 Bl R £k 79 A 52 BE it
AR R A E TR A GORE . E TR
AR U BB FOR IR T & B 5 1 (Wang Cuizhi
et al. , 2008) . 1M1 AF Hy #h #1 T FLUEE 0 1R 1 75 42 BT AF
FH AP B JBE AT B o 33X 0 BH 8 o AR 22 SR PR R 4 R
AR 1 25 RLOI ™ 1) ™ VB FH 359 5 90 1 R B ol ke
R £ 1) SR A K

LR B BR #h 67 W 0" B {EH i 7000 ~ 120

(Jiang et al. , 19975 Peng et al. , 2002; Hu et al. ,
2015) oA T AR AN A ¥ AH 78 B R £6 =2 1) L P ot B
A A 5 AR A B AR 1 22 5% (Peng et al.
2002; Hu et al. , 2015), #5AARKLTEE R LA
TE V18 B [ 457 2R 26 1l 1 el o 2 SC 3 75 2 2% JE i Ak
AR AR B[R R AR . TR AR B ER Eh )
PR 5 B B A A HE S AR ORI G R Ut
DA B4 B0 1) 7 2R 2 T2 T 5 i DI 1R 5 4 Jo R Y5 1Y
B . A TURR ) S i 78 1 58 i B K o BB B 611 B
{2 12000~ 150 M i, S5 TLR 6" BAH (— 5%~
5% BIFETE 17%,~20%:22 7 (Palmer, 2017), X i
BB g ZUA [ AR A o 4 R AH - AR T
BU e+ (9 0" BAE 20 51 2 25 = 400 Fl — 7+ 10%,
(Swihart et al. , 1986), H 7 Jiif 7K & F2 o #5325 i
4025 (25 &K T8 B I A 61 B AEL 43 1 Wl L3k 3
409600 10%0 . 4 SR 1L ZR B 1 B0 oA U5 9 AH 28 K
WEE 5 W8 M & B AR ot B 3 TIL AR
SRR ER 61 6" B AE £ v itk B B[] 3z 2 7 [
VAR A B 18 A FR (Palmer et al. , 1991), N b A
FF Gt AR BRSO B SR AL R i TR
T AH 28 e At 78 AR T R Y & B U A4 o1 B
SRR ER T o B HHEE . 58 A A R
MR RETE B, 0" BAE A 7%~ 12% i R £ . Xt 5
TS R B A 2 5 i R A 28 K A — B
(Helvact et al. , 2017),

3 4hie

AR SCAE RN 5T AR 0 R 3 48 i (= J7 B A
B it A ) B it o R R R [ 457 R AR AL A S I
HENL TR SR A R AR 2 B R RGN
UNLE

(1) PURRI PR 3 04 JB 7K R B2 — IR 300 C L%
By BOAN 23 77 A - 48045 44 19 A2 4k 5 300~ 600 C ] & AR
JI5E 3 5 52 o7 % B TR s 1 R % A I o R A B - A 4
P AR

(2) PURRIN R Wi /K ik B v BBl 1000 ~ 470019
T IR0 2% R AR 5 AR S SR 3 (B 52— B30, 3 mT LA
F6 RN ER SR T8 i B . R R A 5 Ak ad B o
PEBEE 10080 R 7 R Th i X 32 B O B 7E - 1H
=% BO, #14 H& BO, — (8] 1 [7] 7 2 28 4 2 )
il .

(3) Bl £k Mo K 52 56 F 52 A P 2o B vh 250
AT o B A Y i A4 AT B 12 35 52 e oA A A
R B R4 28 A . PR I [ o7 26 b T 3 SOAN e 5 7t



LI 2R WA PR AR £h A

A P 2o 2 v g 0 1) £ 3R 22 A 2167

AR T AR R85 o 0 0 ) 57 3R 2 Ik A ] %) HE L
T R AL I A P Al () R AR AL

Briff « b [E B2 B 7 1 R BT 5 20 B R0 19
FAERE 55 0 2 U 73 5] Xk K figp 6 A BB ) A
OrOr AT T T SR M S R B A 5T A A
Je 2 L AR T B R R AR A R I — JF SRR
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Abstract

Establishing the relationship between temperature and 8" B value change is the key to understanding
the boron isotope geochemical behavior of sedimentary borate during diagenesis-metamorphism. Natural
tincalconite and ulexite used to study this relationship help to correctly understand the geological
significance of §''B value. When dehydration reaction of crystallization water occurs under 200 C, the §''B
values of the tincalconite and ulexite decrease from 6.48 0. 14%, to 5. 4140. 27%, and from —13. 27 &
0.11%, to — 15.93 £ 0. 23%,, respectively. The 1%, ~ 3%, 6" B value change is consistent with the
phenomenon observed in nature that the §''B value of secondary borate formed by dehydration is 2%,~4%,
lower than that of primary borate. When the dehydration of hydroxyl group occurs between 200~300C, it
causes 1%~2%, 8" B value reduction, and the §"'B values of tincalconite and ulexite decrease from 5. 41+
0.27%0 to 3.7340. 26%, and from —15.9340.23%; to —17.1140. 11%,. respectively. At 300~670C,
the borate undergoes amorphization and recrystallization, the §'' B values of the tincalconite and ulexite
increase from 3.73 + 0.26%, to 4.59 + 0.08%, and from — 17.11 £ 0.11%, to — 16.08 = 0.20%;,
respectively, The 1%, 8" B value increase is caused by the change of boron-oxygen framework. The results
can indicate the formation process of the sedimentary borate and the variation trend of §'' B value during the
burial process. The fluid with higher §"' B values is formed during the dehydration of borate, and may
significantly affect the boron isotope composition of endogenous boron ore. Therefore, it is necessary to
consider the boron isotope changes during fluid evolution when discussing the geological significance of

boron isotope.

Key words: sedimentary borate; dehydration; thermal decomposition; ¢''B value change



