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Fig. 1 Rigional geological map of Dongshuichang chambersite deposit in Jixian, Tianjing(after Yao Peihui et al. ,1995)
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Q—Quaternary;Jxg® ' —the first belt of third stage of Gaoyuzhuang Formation; Jxg?*—the fourth belt of second stage of Gaoyuzhuang

Formation;Jxg?®—the third belt of second stage of Gaoyuzhuang Formation; Jxg??—the second belt of second stage of Gaoyuzhuang

Formation;Jxg?!—the first belt of second stage of Gaoyuzhuang Formation; §-diorite; Jxg!?—the second belt of first stage of Gaoyuzhuang

Formation;d-diorite; I —chambersite; 2—parallel displacement fault;3—normal fault
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Fig. 2 The Photographs of Dongshuichang deposit in field
exploration and corresponding sketch in Jixian, Tianjing
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(a)—Profile of Domgshuichang mining pit; ( b )—dolomite
containing chambeisite; ( ¢ )—flaggy shale of containing
chambeisite; (d)—flaggy dolomite; (e)—profile sketch; 1-—muddy

dolomite; 2—dolomite containing chambeisite; 3—flaggy dolomite
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HoL BEAT o AT . b RO TR VA TR R
S5 BS F FEA (ICP-MS) #E A7 I 5 5 B 7] 437 28 I SR
LA-MC-1CP-MS fif X J5U7 i 104 A 3 2 DA 2 il [
1 2R A X JEURE 23 BT D7 VRS U £ 1 A B I IR
Ao B AR AR L 4R v T AR RGR T H ol
X4 B B FRUR 25 2R AT I A 20 A B s 0 ) B
TGP 20 2o TR 25 A 2 ) [ 5 3R 0 AT B R 1 BB
KB (Hou Kejun et al. ,2010), ¥ i & W%
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Table 1 Trace element compositions( X 10~¢ ) of

chambersite from Dongshuichang in Jixian, Tianjing

FE i JXP-1 JXP-2 JXP-3
Li 32. 982 33. 040 31.728
Be 1.238 1. 260 1. 283
Sc 3. 869 3. 862 3. 940
Ti 642. 865 581. 755 507. 625
A 6.963 4.397 4.779
Cr 262. 600 250. 400 246. 000
Co 6.489 6.752 6.562
Ni 14. 810 14. 740 15. 660
Cu 14. 856 14.185 14.165
Zn 13. 977 12. 999 12. 810
Ga 22. 700 20. 980 20. 760
Ge 0. 929 0. 887 0.914
As 0. 269 0.008 —0. 164
Rb 63. 330 63. 260 63. 760
Sr 27. 842 28. 264 28. 253
Zr 115. 540 91. 202 117. 236
Nb 1. 450 1.413 1. 050
Mo 0. 820 0.764 0. 784
Cd 0.018 0.019 0.029
In 0.027 0.024 0.025
Sn 0.379 0.35 0.271
Sh 0.077 0.101 0.053
Cs 2.013 2.061 2. 085
Ba 222. 400 220. 900 221. 400
Hf 3.762 2. 857 3.570
Ta 0. 050 0. 064 0. 044
W 0.024 0.017 0.003
Tl 0.129 0. 054 0. 054
Pb 11.410 6. 290 11. 080
Bi 0.013 0.033 0. 005
Th 5.728 5. 657 5. 606
U 1.315 1.155 1. 265

Sr/Ba 0.125 0.128 0.127
V/(Ni+V) 0. 320 0. 230 0. 234
Th/U 4.356 4. 898 4. 432
V/Cr 0.026 0.018 0.019

4 kg R
4.1 MEBTLREGIE

3 S I A AR KT R A T A0 R AR T R AR
P L4155, Sr/Ba {4 F 0. 125~0. 128 Z Ji] . ¥y
f 0.127; V/(Ni+ V) b {H M 0. 230 ~0. 320, ¥J{H
0.261; Th/U {4~ T 4. 356 ~4.898 = [al, {4 K
4.562;V/Cr {H A T 0.018 ~0.026 Z Ja], 4 {H K
0.021, &t ® S #hs 8 R F JEAH (Taylor,
196 XF b i & B, R KT 47 i 4 . ST &R LiLCr,
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Table 2 REE compositions( X 10~° )and characteristic

values of chambeisite from Dongshuichang in Jixian, Tianjing

FE JXP-1 JXP-2 JXP-3
La 17.100 17.582 17.018
Ce 30. 913 30. 697 29. 678
Pr 3. 635 3.695 3.513
Nd 13. 154 12. 927 13. 000
Sm 2. 390 2. 545 2. 441
Eu 0. 452 0. 461 0. 462
Gd 2. 381 2. 266 2. 357
Th 0. 370 0. 362 0. 384
Dy 2.002 2. 070 2.188
Ho 0. 396 0. 403 0. 398
Er 1.187 1.107 1.21
Tm 0. 167 0. 160 0. 165
Yb 1.011 0. 969 1. 099
Lu 0.153 0.161 0.158
Y 11. 530 11. 380 11. 600

> LREE 67. 640 67. 900 66. 120

> HREE 19. 200 18. 880 19. 560
> LREE/> HREE 3.523 3.597 3.38

Ce/Ce* 0. 854 0. 829 0. 836

Eu/Eu* 0. 831 0. 842 0. 846

Y/Ho 29. 094 28. 252 29. 138

x3 REHEFRKEFWAWECERMNLER
Table 3 Boron isotope compositions of chambeisite

samples from Dongshuichang in Jixian, Tianjing

W) AR 4 B 1B/ SUB(Y%)
JX2-1 4. 62895 2. 54386
IX10-1 4.64148 2.10797
1X10-2 4. 63839 1. 43506
IX12-2 4. 65378 3. 80376
IX12-3 4.64277 1. 40849
JX15-3 4. 64342 1. 54971
JX16-3 4. 65672 4. 44514
JX18-2 4. 64335 1. 53552
i 77 T A IX19-1 4. 65231 3. 48425
IX19-2 4. 65588 4. 26122
1X19-3 4. 68569 10. 74782
1X20-1 4. 68282 10. 12297
1X20-2 4. 68374 10. 32267
1X20-3 4. 68551 10. 70677
IX21-3 4. 64530 1. 95933
IX23-3 4. 64847 2. 64982
IX24-3 4. 64586 2. 08058

Ga HI 5 4 . 1538 B EC 57 460 A H (& 3D,
Al LA AT & E A Ti.Sr.Cr.Ba Zr \Li 4% &
A G FHRIRE A A Pb.Be, V. Co Ni Zn N %
O HERER.
4.2 BLITEHE

R 2, KoK 47 A ) LREE B il

66.12X10"°~67.90X10"°, HREE M & (24 Y)
7 18. 88X 10 °~19.56 X 10" °,LREE/HREE {f
3.38~3.60, Y/Ho fH /T 28.25~29.14 Z i,
T E 0 48 B 55 (1994 b)) Fir 4801 46 75 81 41 7 100 4K
JEp LREE ff 2 14.63X 10 °~23.82X10°,
HREE # & (1% Y)h 7.49 X 10 ¢ ~11.17 X
10 °,LREE/HREE {4+ F 1.60~2.17 Z i, Y/
Ho {HA T 24.28~25.38 ZJa] ., % H A Ce/Ce”
= Cen//(LayXPry). EuwEuw = Euy/
V(Smy X Gd) HH 15 3] 6Ce 4 F 0. 829 ~ 0. 854
Z I, R 5 7 Ce 5%, 0Eu A F 0. 831~
0. 846 Z[u], s K55 A 1 Eu T8, 4 SO 0
G E KR S A b (4 R AR o
Y /Ho {H#B 3 M 335 - (H )2 0Eu {8 58 AR SCEFY i 28
(1. 006~1.076), i 5% & X & G Wil X
Je N B A X 2L K K SCRAT X % B s & B 4D
Fi £oCR K L 7E Eu &b ¥y & AR R TR 2 1 5
AR A CRLAR S A5 ) B AR T 4 il 2 ke
5515 B i T T DX A S AR AR TS Al T DX R
S XA AL
4.3 TR RHE

F DS AT AT D 33 0 AR K 8 T T A
ZEH BN T 1. 4% ~10. 7% Z ], F X {E N
4.4%, "B/ B {4 I —, /i F 4. 6290 ~ 4. 6857
ZIa, #{H N 4. 655, Xiao Rongge et al. (2002) il
FE AR KT 4 A B R AL R 45 R BoR 0" B
AT 6. 7% ~ 14. 9%, Z [8], F ¥ {H N 10. 1%,
UB/B Yy 4. 0708 ~4. 0738, X kb T A SC U A
g LA R T AR BT 30 R % i B K R R R
W K1 o' B & & (Hu Guyue et al.,
2014), JLAE 1y 0" B o AR A B IR (G T X
8. 8%0~13. 9% F RIHW X K 6. 9%0~9. 4%0) .

5 g

501 MEREWNHARENERENX

T U.Mo., Vil # 7E s\ DT P R A w4 I
I A R R X B 5T 3R AT A D v v BR8]
& 45 (Anderson et al. , 1989; Arthur et al. , 1994;
Morford et al. ,1999) . ;T F. & 7 A A U,
Mo,V JERH A KB R MG X Sl R R T
it 77 WA B SR 858 W] RE O Al ol S i e T A AL
Wi,

V/(V A+ NO FAE ] T 5 00 W) I8 B 1
AAL I R 5 (Jones et al. ,1994; Wignall et al. ,
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Fig. 3 The comparable diagrams of trace element composotions of chambersite from Dongshuichang

in Jixian, Tianjing and rhodochrosite from Wafangzi
FESS 1,2, 3—46 AT (A 30) 54, 5—4%% J7 Bl 44 Cafter Xiao Rongge et al. ,2002);6,7—F 5 T 28 450 (PR IO B 25, 1994a)

Sample 1,2,3—chambeisite(according to this paper) ,4,5—chambersite(after Xiao Rongge et al. ,2002),

6,7—rhodochrosite from Wafangzi(after Fan Delian et al. ,1991)
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Fig. 4 The North American shale normalized REE patterns of Dongshuichang chambersite and rhodochrosite in Jixian, Tianjin
RES 1.2, 3— K 4 AT (AR 30) 54, 5— 5 B W Mll# £ (after Feng Xiaozhen et al. ,2008) ; £ 6— 5 LA B # 47 (after Wang Cuizhi et al. ,
2006) s B i 7% i B BE K HLE (after Zhang Yanfei et al. ,2010) s 8§l 8— K LA™ & {& (alter Zhang Lianghua et al. ,1997) 5844 9, 10— 4K

JTERITNAT 1L —AOK T 2R (PR S AR B A . 19944, 1994b)

Sample 1,2,3—chambersite(according to this paper) ; Sample 4.5—boron ore from Gaotaogou(after Feng Xiaozhen et al. .2008) ; Sample 6—

boron ore from Houxianyu(after Wang Cuizhi et al. , 2006) ; Sample 7—magnesium rich marble from Zhuanmiao (after Zhang Yanfei et al. ,

2010) ; Sample 8—ore-bearing rock-body from Dayi(after Zhang Lianghua et al. ,1997) ; Sample 9,10—chambersite from Dongshuicahng, 11—

rhodochrosite from Dongshuichang(after Fan Delian et al. ,1994a,1994hb)

1994) 33X 2 H O 76 A AL B 8RE L, VDU A] I 1 LR =
e+ HVO? L H,VO' I8 i 5 T /K 1k, 580 9
Fe Mn (1% & Ak 9 0K 0% B« 76 55 30 B 0 25 14 F
V(+5 YfsAs VO 7 3EIEH VOOH)Y 5k #%
AR T KA A4 VOOH), . 3 5 T [H 17
FUURW 1M A 5 R 38 S5 CAn AR AL ) BR B8 HL, Vo]
DL 5 R = A I 9 P w7 41l 4 S B DA ME VS SR AL )
V,0, s A E Y VOH), T HE (Tribovillard
et al. ,2006) . FIHAAXTN .Y V/(V - N <<0. 45
B R E AL IR BE AT 0. 45~0. 6 B R 59 A L3RS A
T 0.6~0.85 @k A5 (Rimmer, 2004) , ZRK
JEE A V/ (NI V) HAE S 0. 2298~0. 3198, 3%

WY HOIE LR 55 1 A B AL PR G

V/Cr IR WA A B I U0 FR B4 58 S Ak 3d i 1 1) 48
¥Rz — (Dill, 1986 ; Jones et al. , 1994), V/Cr<C2
BF 45 R B AL R BS, V/Cr>2 B 8 7R T B8 19 3
BORBETUVHRY REAF A S HeS KH: (Jones et
al. ,1994) . &K H A V/Cr HAF 0. 01756
~0. 02652 Z[a] 4MEH K 0. 02117, ¥ /N F 2, [ BESE
N TR I JE A AL R . L Ah L A SR Y IR Z K
bk A B 55 B, Th/U fE A F 0 £ 2 Z 1)
(Wignall and Twitchett,1996) .4 3¢l %F Th/U {i
AT 4. 356~4. 898 Z ], i B T TR B A 7K 1A 2R
BT Re N A AL IR
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Xiao Rongge et al. (2002) ¥ X} Z /K | 4% 757 1
AV R SR HE AT 3k BF 5 FR AR T A R T A
B TC R 5 A SCEGE R LG R kB L 3) - Hofl i oo
A Au Ag.F.Ba.Sn SFIL R KA H A Au.Ag.Ba
) 7 46 2 8w 2 3 ik 30 T 1250,600,3. 96, I
i, F.Ba.Sn S0 R N WP PR ER TR M
Ag . Ba U A] VE Sy 1 551 4K 0 FR Y A7 75 6 & (Rona,
1978 ;Fleet, 1983 ; Hekinian et al. , 1985; Adachi et
al. ,1986) , Xiao Rongge et al. ¥ H 5 K FE 4k 4 45
W BB LER 8T FE JS  TA A Sl B A 1) s PR g Ay T
JEROK TR o T AEAS SO, X BE ST R R KA
W s A, ST A EB R 25 .
5.2 BIMEMNHHRENEREX

Mir b JC R TE U I R B B R R E T M
TR, Ce F1 Eu S 7 T 3% ol PR B2 15 5
(Murray et al. ,1992; Owen et al. ,1999), Y/Ho
VAR TT DAVTA It 05 6 5 4 5% e 1 00 o 8 TR
AR Y/Ho FofE 23T PAAS {H . A g 52 1] T i U5
)8 B2 s Y/ Ho b 2 3% Ik 25 PAAS B ) 1A
o 3 BT K HEAE (Bau and Dulski, 1996) . i 1
JCEFER M Y/ Ho EAF 24. 28~25. 38 Z[a]. 5
BRI A 5T 34 T (292 27) AHE U B B B
S B TRl IR T W A R

TEVE H A DUVEN W) (B R AR (W RR &R % A1) ] LA
WAk K REE RAHRL Y Ce W55 . XERNE
LA T Ce'' G A b i Ce' ' 1l Fe Al Mn 554

A0 M A W R T T 3 LT K TR Ce 58 2075 3
AR A% T Ce Y 1y BE & 56 5 10 7238 I PR 58 T L 8k
AL % . Ce't Wk J5 Ry Ce' ' BT 2R » 8 A
KR Ce e 5. B, Ce S0 AT AR 46 78 1 7
W W A AL b IR & (Fryer, 1977 ; German and
Elderfield,1990) . ifif ] 2 i F 7 Hb 5 [y 52 i 309 45 7o
ez URVE (BEBUS IR IR #h 5 (A 55) (Kamber
and Webb, 2001; Bolhar and Van Kranendonk,
2007;Ling Hongfei et al. ,2013), ASCH ¥ 554%
T ASCBCHE 2 s a5 1Y Ce 053 . 2 W 24 B (1) 3T
FRERIE T RE S b T —Fh s A AL B R3S

10+ A« Bajam O B 8 X 358 o A 6 5 A7 19
Eu/Sm WAESAT T 4381 % Lo HF 58 & 3L - A [) B
BRI ECR I 5 A1 Eu/Sm EAAAE—E 25 57 . Tl
He IS 2 Y Mo Bk AL 27 B (Zhang Lianghua et al.
19975 Jin Qiang, 2003; Wang Cuizhi et al. , 2006;
Feng Xiaozhen et al, 2008; Zhang Yanfei et al. ,
2010;Cai Jianhui et al. , 2011; Xu Su, 2013; Wang
Xinzhe,2013) # &, fE i T Sm/Nd-Eu/Sm 3¢ R [&]
(E 5,

MiZ Sm/Nd-Eu/Sm KR K L F ATl LA
KK 465 AT Sm/Nd-Eu/Sm i 11 il 5 48 1k A %%
WPGEE = RAE KA L, A ER T EE X
. BRTE TIUER EEOR A T REE A M IX )
R A W AR — € 22 5% (B AE AR A 09 BB 2610 7 i 1
JCR MYBL ST 2 AR AL . Bl Sm/Nd-Eu/Sm fF [ 5& 1)

04 |
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Fig. 5 The Sm/Nd-Eu/Sm relation diagram in different rock body and ores
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MORR— K7 Z A s OIB—iff 1 5 I Z i s BABB— UG 4 b Z A s IAV— B KL s 1— AR SO 4R ) il A7 01 B & it 52— Xiao
Rongge et al. Frill4h 77 il 47 "' B & & 3—R RIS 61 B & & (after Hu Guyue et al. ,2014b) ;4—& B 47 61 B & & (after Hu

Guyue et al. ,2014a)

MORR-—mid-ocean ridge basalt; OIB—oceanic island basalt; BABB-back—arc basinal basalt; IAV-island arc volcanic rock; 1—¢'' B of

chambersite accords to this paper;2—the date of §''B from Xiao Dongge et al. ,3—8'"' B of ludwigite from Wengquangou(after Hu Guyue et

al. ,2014b) ;6" B of borate ore from Zhuanmiao(after Hu Guyue et al. ,2014a)
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Abstract

The chambersite deposit in Jixian, Tianjin is the only one around the world with its economic
development value, it occurred in putty crystal dolomites of the second segment of Mesoproterozoic
Gaoyuzhuang Formation. In view of the speciality of the deposit, this paper discussesed the metallogenic
environment of chambeisite through the analysis of the trace elements. The results showed that Sr/Ba=
0.125~0.1284,V/(V-+Ni)=0.230~0.320, Th/U=4. 356 ~4.898,V/Cr=0. 018 ~0. 026, and revealed
the little change of the trace elements;the amount of LREE was 66.12 X 10 °~67.90 X 10 °, the total
HREE (including Y)was 18. 88X10 °~19.56X10 °,LREE/HREE value ranged from 3. 38 to 3. 60,Y/Ho
=28.25~29. 14,6Ce was between 0. 829 and 0. 854, shown as a slightly Ce negative anomaly,dEu ranged
from 0. 831~0. 846, which reflected the slightly Eu negative anomaly. Geochemical data indicated that the
metallogenic environment belong to marine facies sedimentary environment, the seawater may in the state
of relative oxidation, some terrigenous material added in the metallogenic process of chambeisite. The
diagram of Sm/Nd-Eu/Sm show that the study area is close to the evaporite from Qaidam Basin in
Tertiary, relfecting the chambersite has the similar cause . We further discussesed the specific causes
(marine evaporation) of the chambersite formed in the original stage by the interpretation of the boron
isotope(8" B ranged from 1.4 %, to 10.7%,). Combined with previous chambersite geochemical data, we
made a new explanation about the cause of Dongshuishang chambersite deposit. The deposite should be
explained as the cause of marine evaporation, while the process of hydrothermal activity may occur after the
formation of chambersite, belonging to the late hydrothermal alteration, and finally resulted the complex

geochemical characteristics of chambersite.

Key words: chambersite; trace element; boron isotope; marine evaporation; hydrothermal alteration;

Jixian, Tianjin



