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The discovery of a rare earth-rich barytocalcite in the East Qinling area
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Abstract: This paper reports a new type of high temperature REE-rich barytocalcite, which occurs in REE-en-
riched alkaline carbonate veins in Songxian County, Henan Province, East Qinling. The molecular formula of the
studied barytocalcites is Ba, ,,Ca, g Sr, 1, (CO; ), (Sr-barytocalcite) based on Stoichiometric calculation using the
major element compositions. LA-ICP-MS analyses show high concentrations of Na, K, Fe, Mn, Pb, Y and REEs
in the barytocalcite. The total REE concentrations of the barytocalcites are up to 4 080X10™°, which generally show
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LREE-enriched and HREE-depleted patterns. Contrasting to sedimentary barytocalcite formed in low temperature,
backscattered electron images suggest that the studied barytocalcites have two types of high-temperature textures in-
tergrowing with aegirine augite or with quartz + calcite + apatite. The intergrowth of orthomorphic barytocalcite with
primary calcite suggests that they were formed in the early stage of alkaline melt evolution, likely crystallized in a
carbonate and silicate immiscible environment. The later stage calcites were found in barytocalcites and aegirine au-
gites in patch shape, implying a carbonate metasomatic stage. The assemblage of aegirine augite + K-feldspar + al-
bite + pyroxene + apatite +calcite + quartz + barytocalcite is consistent with that in carbonatites. The features of
high Ba, Sr and REE content in the studied carbonatites are also of high similarity to well-known large-scale REE-
rich carbonatite ore deposits (e. g., the Maoniuping REE deposit). Together with detailed geological features of the
alkaline carbonate veins, the results obtained by the authors could provide a general guideline for exploration of car-
bonatite REE deposits in the East Qinling region.
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Fig. 1 Geological map of Huangzhuang area in Songxian

County
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Fig. 2 Typical REE ore samples [rom Huangzhuang area in Songxian County
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fiftf1 5 Cal—Jrfftf1
a—REE-rich carbonatite, pyroxene and aegirine pyroxene distributed in a dendritic pattern; b—REE-rich carbonate, pyroxene and aegirine pyroxene
in long columnar form; c——carbonate veins, amphibolite coexistent with quartz; d—later quartz vein cutting through early REE-rich carboatite; e—
characteristics of representative carbonatite under microscope, a assemblage of aegirine pyroxene-apatite-carbonate minerals, crossed nicols; f—charac-
teristics of representative carbonatite under microscope, a assemblage of aegirine pyroxene-barytocalcite-calcite, crossed nicols; Ap—apatite; Aug—
aegirine pyroxene; Bac—barytocalcite; Cal—calcite
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Fig. 3 SEM images of typical samples in the REE mineralization area
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a—an assemblage of albite-apatite-magnetite-K-feldspar-biotite in the high temperature stage; b—an assemblage of albite-diopside-K-feldspar-magne-
tite-aegirine pyroxene, aegirine pyroxene replaced by carbonate and forming ankerite; c—aegirine pyroxene coexistent with biotite, aegirine pyroxene
replaced by carbonate and forming ankerite; d—an assemblage of quartz -calcite-barite apatite; Ab —albite; Kfs—K-feldspar; Ap—apatite; Gsp—
barite; Mi—magnetite; Bt—Dbiotite; Ank—ankerite; Dio—diopside; Aug—aegirine pyroxene; Rut—rutile; Cal-—calcite; Bac—barium calcite ;
Qtz—quartz
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SEM HV: 15.0 kV WD: 17.12 mm | MIRA3 TESCAN| SEM HV: 15.0 kV WD: 17.18 mm |
SEMMAG: 258 x  View field: 1.07 mm 200 ym SEM MAG: 184 x  View fieid: 1.43 mm 200 (]

Det: BSE Date{midly); 03/18/20 in situ@ODEC HFUT Det: BSE Date{midly): 03/18/20
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Fig. 4 Carbonatite type of calcite-barytocalcite-aegirine combination
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a—aegirine pyroxene in positive crystal form, and barytocalcite in negative crystal form, growing around aegirine pyroxene; calcite and barytocalcite in-

clusions developed in aegirine pyroxene; calcite in bead shape, and barytocalcite in stripe and irregular shape, with part of barytocalcite distributed in

calcite; some calcite also contained in aegirine pyroxene; b—calcite having positive crystal type and aegirine pyroxene having negative crystal type;

calcite and barytocalcite in the mutual dissolution and amorphous state ; in aegirine pyroxene, dissolved barium calcite and pudding calcite well devel-

oped. The above-mentioned phenomena may indicate that barytocalcite, aegirine pyroxene and calcite are eutectic at high temperature. With the de-
crease of system temperature, minerals were exsolved
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Fig. 5 Chondrite-normalized REE pattern of bariumcalcite
(chondrite REE data after Sun and McDonough, 1989)
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(FEARMEEE, 2014) , BRI ERG Y h ok K
Mg Bl FRER (UNEE A7) | T S A B3 WA 1) ke
FREh 2t F RN E Fe AURRAR £R I AT (4K
Hz k), LB RERRIR A T REAS 2 4 3 B b
KRB L, B A R IRIR R Y 5 B M 3
i TRBRIRER 9 50 A T 35 M A7 P e s HORS AN IR
A (&1 4)

B b DX (1R 8 2 475 A 7R HLMURR 1Y B Ba 4
fiE, SXFNE Ba HYHE M U5 F LS U8 X8 J2 ik R 4k
IEAERAL R h 5178 & Ba 1 M2 TR & W) 75 22
HE— 25 1 S0 e R e . 4l B Ba Ak R £R S5
(Chang, 1965) W], CaCO,-BaCO, 1A Z f& /A3t gtk
A% 850°C , BaCO, FE4LMY CaCO, KR T ,600°C Hf
FeA R AN H A (S 0.7 MPa), 1fii Chang %5
(1971) B8 INE S 2 2.5 Ga( ~75 km) i, BiAH
[ AR BE R 1 900°C 1 3R S G B 7= R e R
BEHA, W RN R A R il B XE LR, e — B i
THARAY IR B BRBE, AR AR BRBE A SCAYBE 5 B AR

DU IR £R 5 2R (18] 3a) |, IR FEHE 7R AR SCR BEAY
iR A e R AE A

SMASIC ¥ — 7 2 R IR A B AR
BB R
4.2 EBaBEMEESSERERY EN

TR 7 5 B KB 5K 5 A1 Pl 1 75 5 T i U
EWIE A (Keith, 1998) , A RA & A= 78 4K i el
AL R T2 A T, 52 B0 R A R T 2 AR i
Xof v b DX B 2 P B A B U-Ph g AF (R & R
) T HIE BT 440 Ma, Jg 35 8 i (g va ) | 76
I ZRIE 1 LA R B A R IR K s Rt
Bt P LAV 2, AP 2R 0 R R L TR IR | AR
RETAARIR 7 ( Ying et al. , 2017; Chen et al. , 2018)
2 SR A R 75 22 I B B R A 5 22 04 M
K*ﬁfm%‘]ﬁﬁiﬁmﬁﬂ%ﬁ(Campbell et al. , 2014) ;[H]
A28 0 3 1Ly 9 22 30 22 b KO 5 , B v K A
1 BV ZZIL (PG 4 LA, SR IR 2204 b
XK LR R 2 F2 B AR v ZE B P At b X Tl B 4%
WA AT AT A G KRR R e () 3, A IR 5840
Sk e b DX KRS R 5 I A Rl R 5 A ™ )
FriE A SR TR R R

SRR 5 IR KRR 25— Moy 30 Bk
MRn M E T IR, BB e — BRI EE
REE \Ba Fil Sr, 1 AH X 5% 8™ fk 2 5 W) & B 4y #H X5 22
REE Ba FlI'H Sr(Zhang et al. , 2019), EEAWFIH
WE Ba WM 0 R FUBLAL R, B 1 J1 3% (Hou et
al. , 2015; Zhang et al. , 2019) , AAXTE M 0 1Y
KRR A IR, W H = 50 JE4-3F  Mountai Pass
i + 02X RPN & Ba il REE, Sr/Ba 38011, #JE
— R R 5 s A R P R R R k1 & T g
TR HA BRI BT 7[RI X 40 R 4R 1 e
AR R B REE Bk 9 025x10°°,
AT RETE /R OB T K, I X U e O
TRTR 5 1) % BN 2R 22004 1l [X TR S U 0 4k 7 43t
THIER,
5 45

(1) REBETHXEET T —ABA—E/H+t
WAL BB KRR IR 7, AR RN R + e R &
£ R T I0E T WINEE 2 KSR IR A R BT
— o T AR B A AR A, B R AN R IR T



b ) ,E,;H

TEJTBRAE o ARZ2 04 Ml X — ol s b PAOBRL AR A7 ) e B B R X 345

B e R A LR A

(2) B DUIUBRIR 14 A I e HC A oo 9 s 17T
R AR i X T 4R TR 2R AR 1T R B IR
HETRTRIZR

Higt RMFEHRFRS MNRAZHRITG
KR+ P AR & HT %) A &1+ A Niigata Uni-
versity #9%kiZ W = £ 7 4 % B 7 1 AR A ) 4B K 5T

wo
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