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Abstract

The Ganshaebo REE deposit is located in the middle section of the North Qilian Mountain, and is the only REE
deposit in North Qilian Orogen. The orebodie are mainly hosted in the Early Devonian alkaline complexes and the
contact zone between the alkaline complexes and country rocks. The alteration of the ore deposit is characterized by
fenitization, carbonatization and fluoritization. Ore types are dominated by aegirine syenite ore and aegirine syenite
porphyry ore, which are mainly composed of the mineral assemblage of parasite+copper+aegirine+albite+riebec
kite+fluorite+calcite. Four metallogenic periods and six mineralization stages are confirmed according to vein cross-

cutting relationships, mineral assemblage and mineralography as follows: magmatic period ( I ), early hydrothermal
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period ( II), late hydrothermal period (Ill), and epigenetic oxidation period (IV). Among them, early hydrothermal
period is the main metallogenic period, which is composed of three mineralization stages: aegirne-albite-parisite
stage (II)), riebeckite-parisite stage (I ,), and aegirne-calcite-parisite stage (Il ;). Hydrogen, oxygen and carbon
isotope analyses indicate that 6'°O of quartz from ores range from 7.3%o to 11.3%o, 8D of quartz ranges from
—68.8%0 to —89.4%o, and 8"°C,,,, of quartz ranges from —7.9%o to —10.5%o, suggesting that the ore-forming fluid of
the Ganshaebo deposit is mainly a mixed fluid of magma and meteoric water. The &S, values of sulfide minerals
range from — 1.3%o~ — 7.1%o (averagely — 4.4%o), and lead isotopic compositions of ores are basically stable,
with **Pb/***Pb, *’Pb/**Pb and **Pb/**Pb ratios of galenite being 18.417~18.524, 15.637~15.769 and 38.425~38.863,
respectively, similar to features of the ore-bearing alkaline complexes in Ganshaebo REE deposit. It is suggested that
the lead and sulfur in ores from the Ganshaebo deposit might have mainly come from magma, and thus the ore-form-
ing materials were most likely derived from the alkaline complexes in Ganshaebo REE deposit.

Key words: geochemistry, REE deposit, H-O-C-S-Pb isotopes, Gansaebo deposit, North Qilian Orogen
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Fig. 1 Geological map of the Maozangsi region, Gansu Province (after Huang, 2016)
1—Quaternary glutenite; 2—Carboniferous-Cretaceous strata: limestone, sandstone, mudstone and coal seam; 3—Devonian molasses formation:
conglomerate, sandstone; 4—Silurian flysch formation: metasandstone, slate; 5—Ordovician Yingou Group: basalts, andesites, crystalline
limestone; 6—Ordovician Chelungou Group: metasandstone, slate, crystalline limestone ; 7—Ganshaebo alkaline complex;
8—Huangyanghe potassium granite; 9—Beidaban monzonitic granite; 10—Maozangsi granodiorite; 11—Lianhuashan tonalite;

12—Lenglongling ophiolitic melange belt; 13—Fault; 14—Ganshaebo REE deposit; 15—Isotopic sampling sites
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Fig. 3 Hand specimen and microstructure photographs of ore in the Gansaebo REE deposit

a. Aegirite syenite-type ores; b. Aegirite syenite porphyry-type ores; c. Riebeckite-type ores; d. Fluorite pegmatite-type ores;

e. Aegirite calcite-type ores; f. Disseminated Parisite(-); g. Brecciated ores; h. Pyrite replaced by chalcopyrite

and galena; i. Bornite and chalcopyrite constituting a detachable portion of solid solution

Aeg—Aegirine; Par—Parisite; FI—Fluorite; Ccp—Chalcopyrite; Gn—Galena; Py—Pyrite; Bn—Bornite;

Sp—Sphalerite; Or—Orthopyroxene; Ae(nt—Aegirite syenite porphyry
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Fig. 4 Characteristics of alteration and penetrating relationships of different stages in the Gansaebo REE deposit

a. Aegirine-albite altering aegirine syenite porphyry; b. Riebeckite altering aegirine syenite porphyry; c. Aegirine-albite altering aegirine syenite

porphyry superimposed by riebeckite alteration; d. Stockwork fluoritization of aegirine-albite altering aegirine syenite porphyry;

e. Quartz veins cutting across fluorite veins, and calcite vein cutting across quartz veins; f. Propylitization
Aeg—Aegirine; Ab—Albite; Arf—Riebeckite; Fl—Fluorite; Qq—Quartz; Cal—Calcite; Chl—Chlorite; Ep—Epidote; Py—Pyrite
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Fig.5 Mineral assemblages of different metallogenic stages from the Gansaebo REE deposit
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(R &L SECRT e ) o 2 I 2 SR I 36 1 NS T
PLE Y, T U SR + 00 R K A K & 1) 8D
{5 A T —89.4%0~—68.8%0 2 [8] , - I {E } —78.7%0
8180 4y (HAT T 7.3%0~11.3%0 Z 18], - I {E 4 9.6%o,
5 Z -1 810y o 1 - 1.4%0~5.5%0 , T3 3.9%0
He o LR W T 3 O0F A SRR 5 8D (E A
T —81.3%0~—89.4%0 Z 1], - 5 —84.4%03 50 4
HA T 7.3%0~9.8%0 Z[8] , “F-BIE A 8.7%0 , 55 Z V-1
[ 8150y o fHAY T 3.0%0~5.5%0 Z[H], T A 4.6%032

153 512K 1 M AR S B A - - S B B
FUE S B - S5 B B A A7 ke i, L SD (A
T=71.8%0~—68.8%0 Z[1] , *F- 34 {E 2 ~70.3%0; 850 4
{EAT T 9.9%0~11.3%0 Z ], SF-FEHE R 10.6%0, 15 2 -1
() 810y o fHAT T 1.4%0~4.4%0 Z [, V- {9 2.9%0
SRR B H 2 B AR 9, B AR ) SD
(AT I TH iR T 8150y, o (AT BT SD YT im v A
5 i R FEAKIRAR &, KA MoK SDE
H—=70%0~—50%0 (FKFENI, 1985) , K FEKIR AL S35
JUT AR SD E AT 5 T 8150y o fELFF AR TT AL 5 1
B AR 850y o AR AY R TR AKIR A 5

W IX AT BERE L Y 81 Cpp (EA— 2, A T7-10.4%0~
—8.4%0 2 [8] , -2 {H 9 —9.2%o , - W B 8 1) 3 1
A HERE L 813Cppp [ 48.4%0~—10.4%o , 2 1157 F B 1
BT A A7 TERE by 813 Cpp 1H K —7.9%0~—10.5%o,
B A 2 W T AR R TR A A B —

4.2 WHEMIZE

TV SRR X 16 AR B B B ai AL P it [R) 57
KM R WL 2K 6, IWFe2 P ATLIE Atk
W) 84Sy cnr TE A T—=7.1%0~—1.3%0 Z 6], # 2% 5.8%0, *F-
YIME—4.4%0. o 6 5 0 FE 5D 84Sy cpr THAR X482
18, 25 TF—7.1%0~—4.7%0 Z 101] , F-441-6.6%o Ifii 1014
BRAFE T 84S y.cpr (EARXTEL B, 224k F—4.8%0~—1.3%o0
Z 8], SFE35-3.3%0, R H S o > 8*S i » ST WLAY,
Wi A B (R A 28 43 i AR 3K 3] 1 P-4 (Ohmoto et
al., 1979). 7EfIE 2 B 7 B ([ 6) h 35 =000 A
HAr A WA 1T T —4%0, o H R ) 67 25k P54
B,

HRAE 7 () A AR 5T , 3 BB 1 5 4
84Sy o THAT T—4.8%0~—4.0%0 Z [1] , F-LA1{i H—4.4%o;
W AR S BB R 8% S v cpr AT T —4.3%0~—1.3%o
Z 6] S A —2.9%0.  FH 5100 2 i 0], Bk Y
8%*Sy.cpr (HZ HTHE K, S WLBE L i b, A />

F1 FHSMERLITET AT AR EMGREMAESITER
Table 1 The analytical result of H, O and C isotope from the Ganshaebo REE deposit

R B B B

TEE ) 3Dy.gmow /%0 8™ Oygyow Yo 3150, /%0 8 Cuppp /%o LI/ C2
2

PD802-17  SaA7-M K AT- SR E B (11,) A3k
PD402-9  Fafy-Jifilfa- RS Ei T B (11,) Ao
PD802-19  Safi—Jr fif A1~ slimprBe (11,)  fr3k
PD401-1-1  Aye-BeS - gk i ( 1) Vap s
PD802-27  WEA-EARG - BB C ) P

-89.4 9.5 5.4 -9.0 400
-82.4 9.8 5.5 -8.4 390
—81.3 7.3 3.0 -10.4 390
-71.8 9.9 1.4 -10.5 260
—68.8 11.3 4.4 =79 300

T::(D3150y, o (%o)fELIL J7 72 10001na ;5 4=3.38x10°T2-3.4(O " Nell et al.,1969) ; @I i £ (2016) .
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Table 2 The analytical results of sulfur isotopes
from the Ganshaebo REE deposit

BB B e MIRT Y 89Sy.cpr/%o 8*Sy /%o
PD402-10-1  Jr4ts” —6.6
TN AR PD402-10-1  TEEKTT -4.3
EEERET I EL(I,)  PD802-24  Ji4iw- -6.7
PD802-24  #ikH" -4.8
FiRA-SEA - PD402-11 P -4.7 o
AR EBL (I, PD402-11  E4kH" -4.0
WA PD402-1 Ui R =55
wprB () PD402-1  FHH" -4.1
LIS J7 8y PD802-17 5T —6.7
BB (1) PD802-17  HEkH" -4.3
7 fi A - B A - e
o PD802-22  Jif% -7.1
Jrw B ()
PD402-1-6  #EHKH" -2.3
ST PD802-1  H{%kH~ -13
BB (L) PD802-30  EHkH" -1.6
PD402-10-2  #HHH" -3.1
PD402-1  EEkH" -3.5

RS B FLAL S I R A PR IR R
43 $HEMAER

TSR X7 B R LR A R UL 3
H R n] DU, 0 v 7 BT 4 ) 2 3R 20
|, 206pp /204ph 207Ph 204ph I 208Ph 204Ph {f 43 Sl K
18.417~18.524 . 15.637~15.769 , 38.425~38.863, Tl H.
S S0 PR BT S B A - B A - R S B T B B
CI ) 30 W SO PR ™ S04 7 it A - S A -5 B v B
(II,) ,2°Pb/2%Pb ,297Pb /2*Pb FI2°5Pb/2%Pb Lt {H 14 2
TR v A R WY S A

5.1 FUAT AR SRR
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Fig. 6 Sulfur isotopic composition of ore sulfides

from the Ganshaebo REE deposit
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(1 S SRR R AL, 3L OD i H—89.4%0~—68.8%o , °F-
¥5-78.7%0 , 80y o {H 1 1.4%0~5.5%o , F- 4] 3.9%o ,
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Table 3 Pb isotopic analyses and characteristic ratios of galena from the Ganshaebo REE deposit

B B B B MRS 206Pb2Pbi2c  2Pb%Pbi2s  8Pb/Pb+2c
PD802-24  SaAfy-fAKA-FEBRESEID B (IL,) R 18.417+0.001 15.637+0.001 38.425+0.004
PD402-10-1  FEf1-#AT- Sl ES 4w BB C I - 18.45120.002 15.688+0.001 38.602+0.001
PD 402-11  JrfftA-safr- s prse (1L, i 18.4510.002 15.6910.003 38.615+0.013
PD 402-1 A -HT- 5 T B () JTEET 18.438+0.008 15.672+0.009 38.544+0.031
PD 802-17 AT BT T B (I, R 18.477+0.006 15.716+0.007 38.696+0.025
PD 802-22 D5 A - g B Be () I i 18.524+0.007 15.769+0.009 38.863=0.031
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Fig. 7 8D-8“‘OH20(a, base map after Ohara et al.,1997) and 8"C,, p-8""Oy g\ow PloOts (b, base map after Liu et al., 2013)
of the ore-forming fluids from the Ganshaebo REE deposit
T4 EFFHRNBERHAEZNELXRETESE
Table 4 Trace elements contents of the Caledonian granitoids in the Maozangsi area
. w(B)/1076 ]
e R AL 31
Cu Pb Zn Rb Sr Ba Nb U Th La Ce Nd Sm Y
AFEEREES 11 18 334 83 202 5752 3898 47.9 28.1 115 496 776 239 313 648 iEH{E,2016
TMEIERBEA 5 106 400 247 178 3891 6512 38.1 204 623 834 1384 436 51.1 66.7 #{IE{#,2016
TEMEIE A 5 64 131 103 208 7594 7569 52.8 115 112 4311 7831 2526 308 411  #&M4{4,2016
PR AL X 4 - 173 211 841 23.0 3.9 250 71.0 139 537 93 397 fEFR% . 2012
ZRAERA 6 - 263 301 567 149 7.0 40.1 61.7 964 40.6 6.8 203 iEHI{E,2016
ESNIN S 7 - 978 489 686 7.9 33 896 26.1 426 208 42 146 XIPIR,2013
AL B IR 14 109 287 548 115 460 925 11.1 35 200 59.0 99.7 387 65 57 HH{f 2016




140 o JZN

b Jt 2019 4F

LU AR WAL AN E A R A, T
AT R 2R (83 g ) KRB Y T 800 KT -
AR BB (8%4Sys) s MAF SRR 07 A1
YA R Bk ) RS PRk A | 1 Ui A S i [ A7
FAEA T EH 5 A Mg R AR Z ), B
8%*S gy < 0S5 < %S g 3 AR SR FE BN, 1
FRERAAEAERS , 0 A 0 W& Bk
Lk, wAb ¥ 534S V- AR mT IR 3R O
SRR R TSR 07 IR A
P 2 0 H AR A0 A b v R & B AR
Y BRAR R T AR RO A I A
T A 84S V- S B A AT AR B i A BB [R] 2
o ARGEE TS X S AT G b -
Jr T BRIRL Rk, R R A R R R
(88 55) H1—3.9%o, FEAS [t P4 Ak 4 B 53 A1 5] ([&]
6a) W, 7% 1E UL L 7 (834S=—40%o~ + 50%o, Hoefs,
1997) 2% Ji 7+ (834S=—20%0~+20%o , Hoefs, 1997)
A8 54 A (834S=—4%0~+9%o , Ik 4% 57 55, 2009) 715 Bl 14
H BRI XS T e FE e A A, B JEuT
U B 0 R I DX T AR 8 O b
R AT AR FHER AL TR UR

VB SR XA R Sa™ B B 85 A IR 67 2%
2H A — 5, H209Ph2%Ph LAl R 18.417~18.524
{5 T 18.00,27Pb 2Pb [ {H Ay 15.637~15.769, & T
15.30,208Pb/2%Pb [, {E Jy 38.425~38.863 , 1/ T-39.00,
SN E A LAY T B, HA U R R A TR
P RAFIE . X 55X 58S i AR )
7 28 2H AR AL, Bt 25 A A B (2%Pb/2%Ph)
(207Pb 2%4Pb ), il (298Pb 2%4Pb ), I {43 51 A 17.301~

16.0
a
15.9
-
&~o158 &
KS WA e9
o ~ O
& b |
R157F b
o
15.6f @ fi {L. 4/ metal sulfides
o Bt & /alkalic rock
(FHIR, 2016)
15.5 . L
17 18 19

z(von/:u-:Pb

18.557 15.544~15.761 #il 37.250~38.829 ( #i 44 {4 ,
2016) , — % 7E 2Pb /2%Pb -27Pb /2Pb & fi# ( 1] 8a)
1 206p 204ph 208y 24P, [&] fift (1] 8b) H1 , K s 43 A7 X
WOEARTE A KR BT EAHFE R, #8575 100
F AR AR AT BER R T AR

B R 13 K e STV Y 2 N R 7/ D Y
BORIE T X I A, S5 A
ALK R T Em D), KB AT 200, n B 4K
W1(~430 Ma) , ACARIE 1 LAl HF AR 5 R BB, 5
FUR A FAE FH S izt Ly 0 0 ' 48 s % A= 0
FESE R, T S & 0 RS o R R KK
(EEHALR,2016) , FERRIE A2 D AR AR DR
R IE S AR S AR R B R UA K
o SR C R A R T E ORI
53 S5HMHARBELITET R

TSR e R IR S 2RI e R
IR LA (R 5) , A AR , ¥ Sl R -
Bt E A WA RIS 2 22 5, FERIN

(1) AR ER 5 L, TS ER L TR0 KB
BT Rl TE 5 R ER BT, 1 e ER 250 T R IRIE
B AR A REE A = S £ T R R
(Yang et al.,2009) %5, 54E 4= PRAR 1 JC R B IR AH 1
T Sl (A GE A PPHR T R0 IKIE B T Rl 43 5
TR EE (45, 2008) .

(2) W& BEA b AR E 2 BURG TR0
IR B B2 AR IR -0, W 2R PP e R
PR ({7 38 3 45, 2008) F1 = 5P + o0 R 7R
(Kynicky et al.,2012) , 1fi T V50 MG £ 0 R0 IR &
BB S IR A SR IE KB AR X

40
b
39+ ) =0
ﬁ FaH# eiC
5 h
= .
38F
® i 1t ¥/ metal sulfides
O 1 # /alkalic rock
(BB 1R, 2016)
37 L
17 18 19 20

B8 b SR REH oo 07 R A s [R] (57 32 A U 350 ]

Fig.8 Discrimination diagram for Pb isotopic sources of ores from the Ganshaebo REE deposit
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Table 5 A comparison of major geological and mineralizing features between
the Ganshaebo REE deposit and other major REE deposits

XHHE TR EFIT P Thor lake
TR R R A A T Akt L 445 E[BERITECE
TUEA SOEIERGE) A TR B i AE T B  N R HALRA
TS S TR T (e ) & R AR A A
[RE SIS NN TN IR SR SRR etk Sk SRR AR
i L ICE ) TR+
P LICET W) WA R E, W ICEY Y B O, R ARG WA AR A
URY/E:RSS TR AT K D EEREERT T R B BRI B R RS A BT A
AL S YT VSR B T VR B PR R A+ SRR ARG
AT REa A
WAAEN WERYCRE 3, K ORI SRR G2 YR | kR E7Q TN T R N =22 TN LHREE TN N
IS S <
T %mﬁmt\‘?aﬁww‘mﬁm . %KE@;%WI‘HE%\@% %Tfﬁ&i}fjfﬁ:gﬁ
WA E IR (AR 514 i
b B Ak Rk Ak
BAIREE/D 200~419 210~480 200~450 350~150
B BRI RS B - S Uive=F: FEAR AN A
R C/Ma 419~409 40~30 137014#90:430-420; 2094-2185
343~225
WRIER MR ANA TR - 4 [UdivEcgs! FEA L FIB 5 75
F%WH 7= LREE.Cu.Pb LREE LREE .Fe.Nb Y .Nb.Zr.Ta.Be

P 45 (2008) FI Kynicky #8220 %45 (2007) Fil

PRI AR #:(2012)

& Sheard %£(2012)
Kynicky %(2012) (

Thor lake #i + JGZ W JK (Sheard et al., 2012) % &
AR AR TSR L R0 RS0 B b
T FNBAE 7, 10 Thor lake i TR A IR0 BEA 0
FEANTR AR o

(3) NI T &R LA, A a5P M Lo R IR
SRS -k R A AU R, — BT JCE O La . Ce
G TR ()4 Fe (Nb %4 7, Thor lake 55
B P 7 s + G R (Sheard et al., 2012) , & H"
JLRZAY FHEM IR, ()4 Nb . Zr  Ta,Be
LR, M TSR TR0 R EE TR N La,
Ce %5 58M Tou R ()4 Cu . Pb Z B ILR

M, TV SRR LR TIR 5 A BRI At M A
i L ICERW IR — A E BB 2 25
TR B B AT i T ik — PR
it

6 4 it

(1) TSR LT R R AR & L

Ml — KRR LI EAT IR, ) T LA AR e
o AR A AR K SR A DG R ORTT A A AR
3 A SR R AR R I e
AN 2 2B B 1A 4 A 1o 0, H v B B
W R = 0, ATk — 2 R4 3 A BT B B
B A - AR A - R A Al B BE (T, ) B DN A - SRl
A B B (1 ,) R fifk A - 55 A - B 5 i 1 o Bt
(I,

(2) TYPERHA LT R R AL SO ME A 7.3%0~
11.3%o0, 15 Z V-1 1) 8150y o {H 9 1.4%0~5.5%o , 8D {H
}—89.4%0~—68.8%o , 8'*Cy.ppp [H F —10.5%0~—7.9%o ,
SEIE N —9.2%0 , 22 B AR LA SO 3, A
KEAMBKSY,

(3) W A TALY) 8*Sy.cpr (H A ~1.3%0~—7.1%0, 24
B[Rl ] 83S 5 s F—3.9%0 , A1 B £ BERIE T 733K o
EL E ;:':1 7‘?‘%{:}@" E/‘J 206Pb /204Pb \207Pb /204Pb %u 208pb /204Pb
I (H 4 9 H 18.417~18.524. 15.637~15.769 Fil
38.425~38.863, 54 X & W Itk 14 Pb [R] 43 3 4 A
— 2, R B A AR A R R TR KR
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