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Abstract

The Dalucao deposit in Sichuan Province, China, is the only confirmed rare earth deposit associated with
cryptoexplosion. It is characterized by shallow burial, high-grade ore and large tonnage. Bastnaesite, the primary
rare earth industrial mineral identified in this deposit, is mainly found in the fine-to-micro cements of breccia ore

and is not easy observable with the naked eye. In this study, we discovered coarse-grained to pegmatitic bastnae-
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site in the breccia ore of the deposit. These coarse-grained bastnaesite distribute in bastnaesite-bearing aegirine
augite-fluorite-barite breccia, bastnaesite-bearing fluorite-barite-calcite breccia and bastnaesite-bearing calcite car-
bonate breccia, they also appear as the bastnaesite mineral breccia. The bastnaesite grains in breccia usually ex-
hibit plate columnar and granular morphology, occur as euhedral or subhedral crystals with varying size of medi-
um-coarse or even pegmatitic, and mostly have cataclastic texture. The breccias are cemented by fine-to-micro-
grained quartz-fluorite-cerite, and the cements also contain bastnaesites in the form of acicular crystal, tabular
crystal or radiate-columnar aggregate, with grain size mostly smaller than 100um. The content of rare earth ox-
ides (REO) in coarse-grained bastnaesite ranges between 65% and 71%, with a higher abundance of cerium and
lanthanum (accounting for 82%~95% of the total rare earth content), and relatively lower proportions of praseo-
dymium and neodymium (accounting for 4%~17% of the total rare earth content); the **Pb/**U weighted average
age obtained by LA-ICP-MS is (14.78+£0.27)Ma (MSWD=1.1, n=21). The occurrence of coarse-grained bastnae-
site in the Dalucao deposit makes the ore having higher grade, and also enhances its economic value (higher re-
coverability). Furthermore, it suggests the possible occurrence of a certain scale of rare earth mineralization in the
area prior to the formation of the cryptoexplosive brecciation, this indicates the possible presence of coarse

grained or pegmatitic veins containing bastnaesite at depth in the deposit.

Key words: coarse-grained bastnaesites, breccia REE ore, U-Pb age, Dalucao rare earth element deposit, Si-
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Fig.1 Simplified regional geological map of the Mianning-Dechang REE metallogenic belt in Sichuan(modified after
Yuan et al.,1995)
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Fig.2 Geological map of the Dalucao REE deposit in Sichuan (modified after Yang et al.,1998)
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analyses show the percentages of minerals in the breccia

EEBD

Table 1 Quantitative or semi-quantitative mineral content

samples from the Dalucao REE deposit in Sichuan
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Table 2 Elemental composition of coarse—grained bastnaesite in the Dalucao REE deposit from Sichuan
w(B)/%
Wi5 U7

CaO F SrO UO, ThO, La,0, Ce,0, Pr,0, Nd,0, Sm,0, Eu,0, Y,0, HREO jfl REO
DLC2-K1-32-Basl  fUARAHH™  0.12 934 0.08 0 006 3322 31.51 081 210 0.11 0 003 1.89 7927 67.78
DLC2-K1-32-Bas2  #fchli™  0.07 932 001 0 0.08 3141 3215 055 230 023 0 0 202 7814 66.64
DLC2-K1-32-Bas3  #UBRAHH™ 0.11 9.46 0.01 0 003 3034 3235 090 221 012 007 0 214 77.72 6598
DLC2-K1-32-Bas4  Sfchli™ 006 949 0 0 003 31.58 3262 095 244 007 0 001 196 7921 67.68
DLC2-K1-32-Bas5  #UBRAHH™  0.14 9.78 0.01 0.01 0 30.78 33.15 099 245 020 0 0 199 79.50 67.58
21DLC-I-15-Basl  $BRAHH  0.09 9.50 0.05 0 006 2982 3335 078 254 028 0.16 004 1.95 78.60 66.96
21DLC-1-15-Bas2  JBREH  0.94 924 0.09 001 0 3054 3208 1.13 248 0.34 0 0 207 7890 66.56
21DLC-I-15-Bas3  $BRAHH™  0.12 9.42 0.08 0.02 0 2926 3349 091 259 025 0 005 227 7846 66.56
21DLC-1-15-Bas4  JBEH  0.58 9.30 0.07 0 0.06 29.51 3360 092 258 0.29 0 0 209 7899 66.90
21DLC-I-15-Bas5  fE4541H~ 898 6.83 0.09 0.02 0.11 2391 2944 079 639 036 0 003 191 78.86 60.92
21DLC-I-15-Bas6 FRBKAG4A 9.83 6.28 0.03 0 0.06 2255 2934 100 326 043 0 0.09 184 7471 56.67
21DLC-I-15-Bas7 45418 10.05 6.50 024 0.10 0.10 22.61 2924 0.80 3.18 035 0 002 194 7513 5620
21DLC-I-15-Bas8 FRBKAG4HA 1020 6.12 022 0 0 2329 29.15 094 299 017 0 007 192 7507 56.61
21DLC-I-3-Basl  JBk4HH~ 046 912 0 0 010 2784 318 1.02 594 011 004 008 2.01 7860 6691
21DLC-1-3-Bas2  #UARAHH™  0.15 882 0.08 0 020 2639 3290 1.06 7.17 032 0 004 207 7920 67.87
21DLC-I-3-Bas3  iBkAHH  0.18 9.55 0.08 0 0.9 2533 3227 132 739 046 0 0.0l 2.14 7892 66.77
21DLC-1-3-Bas4  FUARAHH™ 037 936 0 0 001 2835 3203 097 575 0.08 0 003 200 7894 67.20
21DLC-I-3-Bas5  JBRAHH™  1.59 926 0.13 0 0.2 2503 31.68 120 7.08 039 006 003 2.02 78.60 6548
21DLC-1-3-Bas6  #UARAH™ 033 8.12 0.12 0.03 0.19 2531 3434 128 834 028 006 005 235 80.78 69.64
21DLC-I-3-Bas7  iBAH® 190 832 0 0 0 2351 3394 150 9.61 052 005 002 252 81.87 69.14
21DLC-1-3-Bas8  #URRAHH™ 121 862 0 0.03 0.18 2790 3405 123 738 0.15 0 0 241 83.14 70.70
21DLC-I-3-Bas9  Bk4HH~ 128 887 0.05 0 002 2519 3503 1.63 820 0.51 0 0.08 246 8332 70.64
21DLC-I-3-Bas10  JEBREIH™ 439 852 0.01 0 0 2040 3245 139 934 055 0 006 248 79.58 64.19
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Fig.3 Photographs showing typical coarse-grained bastnaesite in breccia ores from the Dalucao REE deposit from Sichuan

a. The bastnaesite-bearing fluorite-barite-aegirine augite breccia; b. The bastnaesite-bearing calcite carbonate breccia and the bastnaesite mineral

birccia; ¢. The bastnaesite-bearing fluorite-barite-calcite breccia
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Fig. 4 Microscopic characteristics of calcite carbonate brec-

cia in the Dalucao REE deposit (cross-polarized) from Sichuan
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Fig. 5 BSE image of bastnaesite found in breccia samples from the Dalucao REE deposit in Sichuan

a. Bastnaesite partially replaced by parasite in the rock breccia; b. Bastnaesite partially replaced by fluorite in the rock breccia; c. Coarse-grained

bastnaesite; d. Bastnaesite and parasite formed needle-like in the cement of breccia
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A= B K P 25 0 HLTE [] 491 (26~30) Ma 1% B P 1F <
Fro RTH B RYAEES , AT BORERIT, [ S5Al
SR A o B Ar-ArAERE 5050 4 (13.33+0.41 ) Ma
F1(12.95+0.22)Ma( H L4, 2008b) o SR Y
SIMS Th-Pb 4E#% 4 (11.8£0.2) Ma £1(11.9£0.2) Ma
(Ling et al., 2016) , LA-ICP-MS Th-Pb 4E % A (13.2+
0.6)Ma 1(13.4+0.6 )Ma( Yang et al., 2019) .
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Fig. 6 Tera-Wasserburg diagrams (a) and weighted mean ages based on common-*""Pb corrected ***Pb/**U ratios (b) of

coarse-grained bastnaesites in the Dalucao REE deposit from Sichuan

LA-ICP-MS 4 ##% Jy (14.78+0.27 ) Ma(MSWD=1.1,
n=21). VLHARE L0 fb S5k e -tk A 2 n ik
(11~15 Ma) % PIAH ¢, F1 88F HHORURL 9 JRURR S 17 T %
W B JE 45 " b DR 22 ROk 1) SRURR B 40, R 1Y
WA Sf BRI i A e 45 o
4.2 RIS X KEET XRTHETEX
PO I B T 1 B A b o A S R BT
CEREET R RS RER R AR R T A
Jok -3 YLtk A, R 2 ALY B TR AR B CR
A, 1 FRZ AN B T K bl 1 = A B AT 1K (Hou
etal., 2009) . KPR 8 K2 H T EE—5 A
15 B A SR 07 IR, S i 2 ME— 1Y
s £ T A9, 5 84%~95%. B IX P Bk 7
3 AFAE KA BT A A AR A AR KA A BRR AR 1
WA o RN AN 5 bt A 78 A 98- A - R
A1-D7 A0 R I EE Y v, 52 AR 2 G AR, Ry
E0.2~1 mm Z i), YEGETT, 29 43% W L0 Pk i
/NT0.074 mm, XER RIS (ZE /N, 2000) o FAERAR
Wi £ A AR /N e Rk LR 2, L
AINKS RS R E R T A IR A
Bl A Bk, IR WL EE A 7 A R A S0 Y Ak
AR | S0 URGTH A SRR A 5 A fA 0k
e BTORDRE T ZE S R SR B RO F SRR
B0 AR, S R S A RS A
A - A - A R A - A - A F R

7 AR e A R, X S0 AR S MU ) 22 5
AT RS AT — o RURL SRR S 5
LSO, A sk SRR il 40 ) L RSN B A
i, o T PRI TN (EL

R A DX A A R A e] 7= 7 BT AAIE S 2
s S0 3 SRR 31 8 A - B R A - A 1
Fi LA, S TR R B RCR B8/ NI R, Stk i 4
A 5 B HDRLES Y, ORI /ME 0.5~2 mm Z [6]
A B AR A A ARLAS Y BLEE /N T 0.2 mm (1
JEWIAE,1989) 0 IS8 Mt oy A A 72 7 -4 EE
A1 -Sa WA TR A, BB, BRERCH R =K,
R EOR BECA K (/NS5 ,2000) o 4R, 78 15
W PRSI & B T A - i A -7 A - SR K
{ER WL SR B B (X ERAE, 2017) o R UL, KBl Al 1
A" XA BRI L4 TR e f Rk 1 U2
L2 i R A, 7 XA BB T Z ATl 2 &
— & MU L1

R Rl 47 DX P HELDAE 22 5 e bR JURB & 4 n fiy JE
JR? DX PR TR 155 BRI T) 2 [ B R
WA HEDIRIPE R , SAE R — B a R AE TR
JC TR B L P8 M T A% 1 B A2 AR A TS [ A A
AR, R IR (BE) - IR A A R 2 X
SR 35 T 5L B R IR, S TR % TRl (e N ) 2R
KA RO E R BT R SRR . S
BER” PR P IR B — A R UZ A B A R
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