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The Geochemical Characteristics of Rare Earth Elements and Genesis
of the Fluorite Deposits in Luanchuan-Songxian Area,
Southwest Henan Province

BAI Junhao, ZHU Chaohui, HOU Xuegang, SHI Yongzhi
Henan Academy of Land Spatial Survey and Planning, Zhengzhou, Henan 450053

Abstract: The geological characteristics and rare earth elements of fluorite deposits in Luanchuan—Songxian area,
Henan Province were studied in order to discuss the metallogenic materials, evolution of ore-forming fluids, and
the genesis of the deposits. The results show that the XREE content, LREE/HREE value, 0Eu and dCe of fluorite
samples are 7.17x1076~178.02x107°, 0.30~4.31, 0.21~1.04 and 0.11~0.93, and their average value are 67.85x1075,
1.80, 0.64 and 0.76 respectively, and that chondrite-normalized REE patterns of fluorite is flat on the whole, and
the fluorite has medium Eu and Ce negative anomaly. By comparing the rare earth element characteristic values of
fluorite, stratigraphic rocks and Mesozoic granite and analyzing the abundance of Ca and F of geological body, it
is considered that the metallogenic materials of deposits which were generated in large-scale fluorite
mineralization were mainly derived from Taihua group and Xionger group strata and secondly from Mesozoic
granite or post-magmatic hydrothermal fluids, and the participation of meteoric water and the migration of
ore-forming fluids were the main factors for the gradual transiton of ore-forming fluids from reducing to

oxidizing environment. The La/Ho-Y/Ho relationship diagram shows that the fluorite mineralization has the
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characteristics of homology in the large-scale time range and has different periods in small-scale time range.

The fluorite deposits in Luanchuan—Songxian area are fault-controlled hydrothermal deposits whose metallogenic

materials were derived from strata, magmatic rocks and post-magmatic fluids which provided driving heat for

mineralization, and whose main ore-forming water were meteoric water.

Key words: fluorite deposit; rare earth element; metallogenic material; genesis of deposits; Luanchuan—Songxian

area, Henan Province
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Fig.1 Tectonic location map of fluorite deposit in the study area (A) and distribution map of
fluorite metallogenic belt in Henan Province (B)
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Fig. 2 Regional geological map of Luanchuan-Songxian area, Henan Province
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Table 2 REE characteristic values of fluorite from fluorite deposits in Luanchuan-Songxian area

WA YREE/107 LREE/10®  HREE/10°® Y/10°8 LREE/HREE  Lay/Yby SEu 5Ce
i3 ) JulEl  7.17~178.02  2.61~135.14 2.59~117.26 4.10~446.07  0.30~4.31  0.13~4.14 0.21~1.04 0.11~0.93
FHE 67.85 41.86 25.99 72.08 1.80 1.29 0.64 0.76
s B 7.17~153.32  2.61~123.24  4.56~40.78  7.76~124.47  0.42~4.13  0.22~4.14 0.21~1.04 0.11~0.93
(23 1) EHME 57.24 37.45 19.79 54.16 1.98 1.44 0.62 0.73
LA Jifl  52.84~178.02 36.75~135.14 16.09~60.75 21.66~257.64  1.62~4.31  0.90~4.04 0.61~0.92 0.87~0.93
(7 ) S HIE 119.14 83.29 35.84 105.47 251 1.74 0.78 0.89
o, Jota  JuFl 8.70~153.01  4.70~81.87  2.59~117.26 4.10~446.07  0.30~2.36  0.13~3.33 0.42~0.89 0.49~0.91
A3 1F) Pyl 59.01 27.36 31.65 85.82 1.12 0.80 0.63 0.73

B4 FN—SEMXEATKRERA). KE0B), ABMERC)HABLITERAFEHED)NE M EXE
Fig. 4 Chondrite-normalized REE patterns of purple (A), green (B), white and colorless (C) fluorite samples and
their mean values (D) in Luanchuan-Songxian area

68,55 A 1R - C o th & B AR B (8] 4A, B, C),
E BT Lo R & P E MRS i 2 (B 4D)
WA 225, RCEADE BT AR ST BB . #F5
XA IRFI KGR SREE, LREE il HREE
(EE Sk ST e =t e N AP (A ER INY P R R ]
(% 3), RS ARNBAY R RAZ5M, HEE
T A L c o fh 2 AL (B 5), BE 7R EATIE AL
F 6] — 4 1 2 5% () R 48 8RR ORL 2% BF 5T B
2015), & A7 FE S AR 1 TE S5 2R A AR I 5P 4 A
55 DX P LA R A AR B 2 St B S A A A
YHIZR (K B)Z AR, BRI E A HA ML e &
HH I P 1 X

% V4 AE BB A ) TREE \LREE il HREE 8 (3%
4) i 2w TR ARESL Y, HA LR th &Ry A2
R S (B 6), AN 6] 3 A B ol P 3 R o AN )
X AN [EE PR OR AR S A R LOCR & R RIE
{H 25 SRR (3% 4) . WA FES IO T BC oy Ik 56 1L
H X R AETE Rk IS S . BT A L R R 5
b DX R AR B ARHE AR T 5 BORHS A TN R JRRS B
Be 43 M ZRAHRL(E 6), 15 Hr AR AUE A L AR HLRE L I
Al b DX R AR A A Lo i 2 2 B B 22 57
KA S RERSAZREARECR, B,
BRIl 4l . G A 41 SREE 1l HREE {EX T
HAATRE M8 Eu il Ce St e S S WA kE
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Table 3 REE characteristic values of Mesozoic granite in Luanchuan—-Songxian area

e EERARR wE FEa %0  TREE LREE HREE LREE/HREE Lay/Yby JEu  oCe
1 0] B AL B 2 4557 4261  2.96 15.17 11.47 062 1.04
2 R 1t piaskize: 4 159.43 15297  6.46 22.50 2691 063 0.98
3 fEN A6 B 25 175.63 167.10  8.53 19.96 22.93 083 098
4 WITH  IERERAS . ZRIEKBES 5 105.59 100.22  5.37 18.92 3025 058 0.95
5 A 1) A8 < B 6 139.80 129.10 10.70 12.37 1576  0.82 0.94
6 = BB RKALRS 6 22118 210.04 11.14 18.93 2590 074 1.00
7 Kl PR BRI A 16 266.88 246.46  20.42 12.76 1271 043 1.04

e BESRE R b B YA AR R I B A A AR A5 (2000b), A i B A K SCAE (1995) R R 44 1 A BR PR ARl 2R ST BE (2015), BT 1A 4
VT A E R 2RI e (2015), KIS R 4 B Wk 4 45 (2009), A i d S895% 26 (2009), A L 4 145 545 (2006, 2008) FITr R 44 [ + %

PR3 AF5Y % (2015), SREE. LREE. HREE 7 & fifiy 1075,

x4 BAMRBEAEANHLITRSEREE

Table 4 REE characteristic values of rock formations in west Henan Province

)z Ak RFEHLS FES P4 SREE  LREE HREE LREE/HREE Lay/Yby OJEu  oCe
RRA 12 157.82 139.04 18.78 7.40 6.91 0.84 0.99
KR Z A 51 195.97 173.96 22.01 7.90 726 090 1.07
REH-Hf giipa B X 19 298.70 268.98 29.72 9.05 873 081 1.05
P H 14 350.13 314.51 3562 8.83 870 071 1.04
MECE 16 41184 375.28 36.56 10.26 10.53  0.63 1.00
B AR A NG 4 88.34  75.44 1291 458 370 0.83 1.12
KR B AHC R RS .. 1 153.40 138.41 14.99 9.23 9.88 059 1.09
BRI L0 RHS A TN A il 3 33.22  21.03 1219 1.72 092 104 0.97

RAEHE
G W A ARHC A N 4 61.12 4472 16.40 2.73 1.76  1.02 1.03
W A RHS A I R RS RFE 5 127.94 10229 25.65 417 328 071 1.02
TRAB T BR HH 11 158.34 145.04 13.30 11.16 17.13 071 1.02

e BRIy REE RN E 42 (2010), HBORIOP A, KAERE, S ILTEM K 75 (2008), R TR A(2017), EFHHEEE HA
(2005), HACHRICF-#4(4 . SREE, LREE, HREE & By 10,

E5 E/I—=SEXPERIERE

wmEraER s RAE

Fig.5 Chondrite-normalized REE patterns of
Mesozoic granite in Luanchuan-Songxian area

o B BN TE], FR 8 B AR A R B4 5 ok
No REHX KAER S/ ZREE 1 LREE % #it
TG RE S, HR LA MR S A RS A
FEARL; PR, R KRR A 1 BORE (7 8 JE B F 5
D, HA A=A S OE 5T IR AR A A
SHEAT, FR I HEDN A Ak R T R ERE A A R T
FRIFHIE

A FEM Y 0Eu, oCe JE I K, OEu F-HIE S
F U HE A U AR R R KRR A A BT
oCe JH 0.11~0.93, “F-H#{H 0.76, A[F T rHAE
. HUZA A Ce JEATCSH MRS . FEWREAEH
R, 5 TR AL Ce 7 M T Ak, iR )5 kg
p YA Ce iR Al (B R EL, 1995), XN
L F A A R A SRR 2R A s R W, %
W R B it M4 7K 32 2k 5 F KA %7K (Zhao et
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Fig. 6 Chondrite-normalized REE patterns of Xiong’er rock group (A) and Taihua rock group (B-Lushan;
C-Lingbao; D-Yiyang) in western Henan Province

al., 2020), Z8J1|—; Bl ith X3 A 0 R AY B S 44 Fir
Wb EREE AT L R S, W TR Ce (i SH
AT TERE A T4y Y2 Eu i
W(EREL, 1995), RER, WAFEMA Eu W
() F B R AR RIRFEEME 5, L AR
JEE L 200 °CHY, Eu ik 5l Eu?t, B A
Eu* &, HAZMmhnEas Bu MAass
(Schwinn et al., 2005), 28 )1 — KL b X8 A 7 R A
o K ZHCE AR A Eu R H (R 1), (B2
WFFE XN A IR 1 558 A A AR — Il P 2 2
LT 140~180 °C . WY X AME L 1 58 A8 IR 1)
AR — R 2 T 140~160 °C(#ris %,
2019), VLA A RERL A Eu 7050 RS2 B i A
ORI 1 W S ot 51 s - S = g s O =
SEESRERA O PARE KRR, HAMETRE
AR E R Eu SHEHE, S8 AR5 KER
A IR R TC 2 R AR A A, R )1 — B
b DX A O TR REORIE T RAERE, JLUORE
IR e A AR AR

A RE) Nd [FA07 2058 R S i 1 i
A R H A R BTk . PE4s A5 (2019b) i 15
mE RN E AT RN ena(t)(H H-15.9; & Ur 5%
(2012)IMAR A IR AR ena(t)= -16.4 ~ =11.2, R

Z5(2009) S A I8 AR Y ena(t)= —14.5 ~ -17.4. %42
VA 55 (2020) A5 BRAE 52 A 0 IR A 58 A1 143Nd/A4“Nd 9]
4 Ho i 0.512 031+0.000 026, ena(t) 7-8.8, i K1l
AR 43NA/MNd W) 4R HE 0.511 653~0.512 506, ena(t)
{H-16.1 ~ =7.5, A FIA UL KA 1Y ena() I,
S AT R B U ) S5 R 4 ok T AR AR AR B

HRarEm .

) —im B X A LA A TR, TB
AN Z 5 A8 R MR T ZEE 1Y Ca Fl Fo A i
FERM, KA B4 RHE A TN R BRA 1 R A
FHE, H CaO i 5.50%~8.88%(iX A K,
2017), mm FHE KA CaO & it P ¥ 1E
1.35%(#&X £, 2016), KRR AT BEJE 3 A1 L0 Ca iy
FEARALE, X R ENE T RS0 AR L e R E
BORE T RAEHES A ML . A IA R R X i
FEAE KA, L CaO F i 1.26%~2.11% .,
I{E 1.68%(JEFT, 2008), &= T i [E ALK 7 CaO %
HPEME, B K (2016) 5 T A IE A K CaO 7 & 1
A Tb/Ca HLAEAFAE, $8 & WA A8 A a1
ft—E R Ca, N&5A L REE B )Z A K K
., WX EEIR 75 () Ca mRE A itk Ca iy 2
PR WP X RAEHEHLZ T CaO & fis i/ A0
FAR; ERBCE S T A AT, VRN A A A R
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ASRFUE /N, PR AR CaMixt /b, Ca i i i o A o
) 51%, A5 TSR G Ca, HY AN ZE )]
— B X AR Ca R BSRUR T ORI AE
HREHZ, ATk T/ Ca.

KEFFWEZHATHRERKAIRENES
B 10%~15%(R A, 2017), 8 TA sk
8~ B S, R 2%~5%, fx i
20%(i&X &, 2016), bR E R AT F Y E A
H, Hrg F O5AEA F §ED 40%~70% (B R,
1994b) . A AR F 5 5t [l 740x1078~1 440x10°5,
HAFPI{E (1 024%1075, 16 F44F il )& H B H AR AR AR
FRH F 5 (510x 1079 Ay A5 (k4 SLAE, 2005),
e, KRR ZRHK AR F o izl
o REHFEHLZ MM SR AR L2 E S F
A A, R A RFES A F SR 50h
54x10-6 F1 50x1078( 1 X4, 2010), ZAKT 5 UaAE i
AR F SR, AN AR R R R F
NOZARE AT IR F B2t . AR AR EH
AT DL HER R ok K F, (2 b st 1 s F
() 32 5k P (Partey et al., 2009), BF 5% X o A= AL A3
TERIBREL, AR EREE S F IR R ik
i Fiz ke, HHZE A ARV K A KA O, B
Hrp g Cafil F G WAL AR A B AR, AR AR
PR KRR A AR AU IR F AT AR R
T F sk

Zx BRIk, o ORI 3 A B 1
AR AR AR M 22 A o 3, O h AR RAE R
AR S A S A AR o X R HEN RERF A ]
A 55 N A ZR I — R ) X 4 R 20 0 TRy
A T A ARAE K 2 P Bl L 2 b T = 5, SR
GRS A . FA SRR LR RHIE 2 R
ME R FERT ICE Ca fl F HRIE,
42 R REEK

SO AW ICR G R EIAXSEIA A
PR 2ZR, SO A1) ZREE, Y. LREE, HREE
TPl OBEu., oCe fH i@, ¥ AW AM
LREE/HREE. (La/Yb)nfEHE:; BRT HREE 4b, H
., R A SEIEAL, XRWLAEA
T BT B 1 B A AS TR B B, [ B 1% 78 A AR 22
Ii T AR I ] AL R . BFSE X AN . AT
FEH AT IR 1Y WA A R — i B [ 43 i R
115~257.6 °C. 113~295 C(#iz%, 2019), #5EIX
P Th F AT R A AR Y — I R
122.2~339.5 C, WMULATLAE H, B i 4k 6 kv
WIR R, R I R A K AR BT BE S A 3K 1 #ok
B L W RS RS M ST TR IR A R AREK .
LAV IR A A AR RARCCR G, B

3 A v i K FE R IR T KA K (Zhao et al.,
2020), fHJ&, K754 (2022) G0 i 5% X K HoAh [
ZWIRN A . ARERA A RAR, WX
B A 225, (B E—80, B i DL 3K
IKFNRARER RGN T, SRNEAT IR
TRUAH [] Fr 48 i b, DX 32 4 0 DR ) J 0 I A P 7K s 3 2
BRI (ERE, 1994a). M Fr A B LA AR 18
AW RI B BRI G, A R0 5 A A i
MaRERABVIR, HRBER R, L%
HIHASE A 0] DU B I iR AL Fis 5%, X Re T
A A AR

TE S LA IRE AR 6¥0u,0-6Duyo EIfEH,
BT RAREKL 5 IRE KK R Z 0], 9 H
SR R 2 S AR AR R IER), BRI KR
WK 55 Bl 5 & 2B T % (Zhao et al., 2020), KK
SRR YN EASEY Y D NS 3 ) i R\t (T = 90 AT i)
PORIR A, IS5 EE KA KE RN, ERE ST
B, SR E R = AN B, R
R, BEE A BARKIES &, S AR A
TICRE TR (e a6 HEEA:
SREE ‘44 309.27 x 105—113.28 x 104—59.01 x 109)
i R A M A e, R, A
AT/ (W 2L, 1995), Mbller et al.(1976)HF 5% 2 B,
A PR TR S RS A S A & A B B
K, FHASE S A A AT E S5 LREE, WSS B
#1 LREE 5 HREE #ratAf4, BgiHssdhn) s f
HREE # A EE. MR NEOHEAETSE . A
@, AR, HRESE, KiEkHAamT
OREA, X N4 {03 A7 1) LREE/HREE “F-1{ 4 (%,
>4k > FIfE . Jof, 5 Méller et al.(1976) A5
s —3.

B ESCRITHE R R, A TR LR Eu B
YR T KAEREA A SCA R oo RAURERE, A
I, A Ce S8 R BA IiAR 1 RAL AR TR
Ce M58 878 B0 T i b F A AL EREE, 1 IE 5
WG N B RIRE WA KN Ce W TR, His
(SRR E TCEF )G R, S T A
TR 8 S IR ) SE AL IR BT e ok I, R AR
T VA B0 i A4 14328 78 2 A8 A0 340 i A 85 A 03
B EERE, EAFEMK La/Lu {HR 1.2~44.0,
KT 1, 8- Lo R a5 F L2 5WHHERA &
(Bau, 1991). Schwinn et al.(2005)4§ ! 5 £h BF i 4 o
i £OCR B4 FLA TN FEZ A E MmN, Hik
SRR, S DXPN A T DR I B A A AR
JETAR, 55 R A0 IR R RS —
B, 2 R R ARG . IREREE L RS B
NaCl-H,O & & Ji & (8% &, 2016).
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WF 5 DX PN A 0 DR 8 BT A 078 B 5 R 0T T8 55
A AN A0 PR Sm-Nd [Fl 7 Z 4RI & H ik
#AOH R B W A Sm-Nd % BF & AR N
(12349.1) Ma(JE4h i 55, 2019b); & LRk A o
PRIYEE A1 Sm-Nd 45 B 22 A7 1% 4 (120+17) Ma(X1) 20 i
&, 2020), XE AR ACE IR 2R G IR AR
AR, A A AR FR h 131~136 Ma(Zhik 5%,
2009; R4 E L IERAESEBE, 2015), KLl E
FIRBYAEIA N 115 Ma(4 775, 2008), X P B HoA
FIBEFT=F . HI1E . AR . B, mEll. A
T, ER I AR 9 R AERTE R A
PRAE S 2 3 7E 110~150 Ma =22 [i] (27K 1645, 2006; I
47555, 2008; fAESE, 2009a; SRS, 2009; Wk
ZEHAE, 2009; 55, 2012; [nHIESE, 2012; fH
45, 2013; Vil pg4g B A BR IR AL EIFSEBE, 2015), Hi
130~140 Ma fx AR Y o A IR 32 B 52 e 1L 0T
#hl, 277 T AL A R ER O iy, K
ot M PR B SR G R, S5 B AT IR T AR I &
16 B R B BUA AR, DR AT R 0 BN
PR RS T 2 R i 2 A

U4 b DX A7 5 A 0 A T 4K 1 2 AR T T s
WIS R R, AR o BRI A ED S, (A
eI R IR A A R A IR R 2, WTRK
(7 BEHR A, 2014) o XS PR R A IE ) A0 0 K1
ZHELZW . FERE YRR AR R, A
B BT AR TR WG Jb H X 20 5 34
T AT R A LA R PR A b5 X 5
B AT KR AERIIE T R B2 10 Ma 247
(e, 1991; XIGESE, 2017), w5 B—Z8 )1/ HiIX
AT R BT A i 5 L DX 1 A8 B R B AR
A2 10~20 Ma, Z5G %AW IR TP AAUE
A S B A/ L b 5 T 5, A SR )1 — B X
AR BT AR Rl 120 Ma A2 45
4.4 HEKEREEA

T JGE Y Ho A HHRLA HER L 41T, AT LA
F Y/Ho fH /R Bf B4 UL 4% 1Y) U8 Ak o B (UF 88 55
2022), AW RFEAAE Y. Ho ZMEMEH ™4 T
RIT R LR, BT A 04 9 I 4 B R0 ) B Ak 2
Ji&, FIHH A4 Y/Ho 5 La/Ho BYWUAS & ¢ 2 K fif vl
LA 30 W B 3 A v T i T 0 ) 30 1 7 L
FHER La/Ho #1 Y/Ho HofE, [FIVEAERIIATE s Ay
WA La/Ho 5 Y/Ho WIREMAHIG, HEEMMEA
Y/Ho HLAEAS A3 R4 /N, i La/Ho Fb {728 Vi il 4%
Yi (Bau et al., 1995; Xl #5 4%, 2022; i 8 %,
2022),

XN # 47 R 5 Y La/Ho {4 0.9~20.5, Y/Ho {i
H 16.8~72.7, 7EE] 7 H ] LU H 34 HE 5 A3 A R
SEIKOE, ST e AT ER (AR (R (R RUBE Bisf [i] 3 6]
TR 5 AETEZ D La/Ho 5 Y/Ho A Gl £k,
J BT A7 7 Z2 B Uk (/N RUBE B[] 918 L) 1 8 1 o
g g (a5 A 1Y La/Ho 1 Y/Ho 284k i I ¥ %58 K,
e BB RS BUK VI BAEE— A s 2 A~ A el
&, RUPEOEORT BAYBRE .. 2480 b
BURRIE, ARG AR Y/Ho ZRE4EIE /N
La/Ho ARk Bl A, AH A T Hofh 5 € %% 44 76 /] BB
SRS A3 A, 2 BH P A G (8 A% [ 5 ) 30T 1
fE o A AT BB B, PO B IR . AR
YERISR AN, R BRI J, 45 508 By 55
o ZEE A MY ORISR 2%, Veksler et al.(2005)
IBFRE R, £ & F BB WAKIEZR T Y [ Ho
BOMEE, WA S EZ MR T 28, WX 39
PR ARESR (G 43 F)) Y/Ho HEM#EE 28, FFH.
La/Ho M {HARMEYE FIACTE, U0 X N A0 2 i A
A AR AR BT S o F BT TR A A
FATE A%

Moller et al.(1976)3%k T 4 BRI A 47 1 PO L
R R oy R A e T BOROR R UTRRR, SGeit T
150 {4 %% A1 FF & 1 Bk Ak 2= Bl I BRI T
Tb/La-Tb/Ca Ji ¥ H O& 5 T LA W7 32 47 0 DR ) A
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B7 FN—SEMXEAT KH Y/Ho-La/Ho El#Z
(FEE#E Bau et al., 1995)
Fig. 7 Y/Ho-La/Ho diagram of fluorite deposits in
Luanchuan-Songxian area (original map from
Bau et al., 1995)
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Tb/Ca(J5i + th)

Tb/La(J5i 1 Lk)

A—7 T LA R L P T,
B—" T & 6 MO bl a7 K,
C—/"F = AR LS AR,
D—7= T K INTTRUE T RYET IR,
E—" T K
A—fluorite deposit in volcanic and subvolcanic rocks;
B—fluorite deposit in magmatic rocks and their contact zones;
C—fluorite deposit in dolomite and marble;

D—fluorite deposit in volcanic sedimentary rocks;
E—fluorite deposit in limestone.

B8 FEI—SEMXEAT KEEF I ERRE
(#& Méller et al., 1976; EEE, 1995 1&£4R)
Fig. 8 Genetic recognition diagrams of fluorite
deposits in Luanchuan-Songxian area
(modified from Méller et al., 1976; CAO, 1995)
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