7 S

19844¢ MINERAL DEPOSITS %3k Bl

HIRHEX SERERXNOEL.
BATERY (EREASHT ER

X 5 B
U HRA IR R P B

AU R R LG —Z BRI AL, 54T HN SRR f—2p R
B RBHRTHKBX SRBREREREERNH L. METEMS., 5. #H, BTERSH
RARG B MBLRES], 0 RN HARART R, ST RE R 1R
FIRFET R HE.

—. Boa B 1R LR L5

HEESRBERERARMB L, BAELHEMEY. 8. H, By EORYyEH, 2HK
HREERARHS, XRERED? BEHREWRRYEGETR AL, LKA,
REREMERBRERNESE: REXSIREMER, FMBRIEXTE R HEEH
BEHER TXAW o REL, RERA, ERBENMBRERSERT TENERE. 5HE
RIFRPRZE, TRTARMTHHE, BEBELE, HERTHRMRBHXR,

ARBRENERSFNNESBREEXR: ERHER, 2K AR TE EH iR
Y1, HETBYHAMME, HERHSEARERIHERN, TREREHZEHERGTEG
B, AR T EARERAMERGS. BRAERAURBRRENSE. LURHGREZINE
EB3), KAEEERIBML T nERBHHRIPE A LR RAMERERE RS REL
R, HIBEBRERERTEMNEREEBUEA, SRAE BAERS BRBEXNEY
REHR. ZEMHEXRARNERERERNERT QaF—RREMERERD 5 &
ERDEZHEHE LITRA, BRAEASENERSE LREEES .

HRBRS5HE. BETRARNENEHK/RD LES . SRPEHLEX S E5RE
HEBIE R 325—224, EREHFRMAEEREO H80—40, 4AFi5 120; FEMEHR L
#190—36, A§i5136, M EAK/ROELIETEMERT . OBEDRMRISITMO , X675 K%
FIRMA BRI R R OMNLERRANERE, TR EMREE RERRGEL
FEl, AREREERERARFARRBGBENY. AEFIMRER R0 R A E s min

O BEIEMINE “I"REASRIERERTERANMEGBHDSRR" o

O AXMAERENEA-BRIHROSREMBLR S, BIFEARY “BERE"  XTEER SNE S
RENTIELEO.

@ BEHENINE ‘KULHERARREAAN ERE SRR .



3k B1H ﬁ%ﬂﬂ&%iﬁﬁ%ﬁ%&’aﬁi. RAETERY RS R RR 59

EA A AL R SR, BUX—RIR RN, R XRESRE A RIS R K
BEAEHEEHAREERS EEBERY . SRLEREU R & 8. B, 8. A,
BIMEERERS ST B A REMRER Sk RMAETREBRERNEFRSBER
BRRBB R R,

gAlD EFR, HEBING, BHRL. BERL. 8. B, GSTERVEAREA
LKLY, EN5RAE. BAEKE. BREREBEER —HRAES, FHERL
RBOARNBRFHROAEARSHWSED. TXHLEERANERERER,

BAHR—Rt, BETEVREWNRARLRERE. MERMEAS. WUSIE
REREE R (FEL, E2DFE, Si0:, K0+ Na,0, Nb,Os, Ta,0:& & HMK.0/CaO, (Nb+
Ta),0/TiO, b I H7, TIRO® [ TR,0:,P,0s% B AIFe;05/Fe0, Nb:Os/Ta,0s HhlEHEAE.,

RRERE. BAE. EHEEGH¥TEHERR g1
HX RS 1 & B® i % .
KN R g # R
354 (/]\) 8i0;z | TiOz2 | Al20s | Fe203| FeO | MpQ | CaO | MgO | K20 NazO[PzOs
THER | ARETRSE 5 | 67.90] 0.50 | 13.45! 3,09 | 1.55 | 0.068] 2.59 { 2.55 | 2.35 [ 2.14 { 0.89
mERY | B A& & 2 13 | 71.56] 0.31 | 14.19| 1.46 | 1.84 | 0.066( 1.76 | 0.84 | 3.68 | 3.51 | 0.12
B! E R & 60 | 239 | 72.53] 0.16 | 14,12/ 0.95 | 1.42 { 0.074{ 1.05 | 0.36 | 4.35 | 3.53 | 0.07

MAEERE. B4E. EHENRL, BETRARREGLERRERMEE ®2

W | R & B’ OO NbzOs [(Nb+Ta):04 Ko0 | PesOs | K20 | oy
HOR g B | K& = RO
ﬁﬁ ZS) NbzOs l Taz05 'TR:O:; Taz0s Ti0; Na,Q FeO Ca0
THERIUREES 4 >77 0.0029 | 0.0011 10,041 | 2.65 0,005 1.09  1.99 | 0.91 | 6.76
hEEH B & 2 2 |144~(523)| 0.0029 | 0.00115/0.029 | 2.51 0.013 1.04 0.75 | 0.08 | 4.51
Mmoo ERE| 60 >287 | 0.0072 | 0.00297[0,0241] 2.41 0.146 1.23  0.67 | 4.13 | 2.80
FESHATRO: MR,
» AE—QO. EERBREAETHEEGLERISEHERE x3
it R & & %)
# #
f't (/l\) Si02 ’ TiOZ lAles FCan FCO MnO CaO Kzo Nazo PzOs
B 1 ®ERE 3 68.29 0.47 | 13.01] 2.69 | 2.11 | 0.064| 3.65 | 1.47 | 2.89 | 0.09
3 2 KW~ FRBEBEE 4 70.17) 0.39 | 14.32| 0.61 | 3.42 | 0.09 | 1.22 | 2.76 | 3.54 | 0.12
H 3 KE~PERSE 7 69.29 0.39 | 15.14| 2.35 { 1.28 | 0.068] 0.95 | 3.53 | 3.08 | 0.20
X 4 HE~BRRBRESE 2 74.52( 0.15 | 13.10| 1.41 | 0.83 | 0.04 | 0.34 | 4.74 | 2.95 | 0.04

AR UERIETIBAF R T E, BEREEHEE,

KT&EMHES, EVF TRNHBLERRLER, FUHMNRELTNEFELR SIS
WAL, W RKEBRAEFHRAEL, —RB2HhRAHEEGRBHLBE, Hh
NRRRE-RAERERA-FH~FERBAE PR @B RAE-WREASE
BRAERD . BEMBELZRAZWEEEXR. HAALERY (K3, R RHAHSIO.

QO R70=FcQ + CaQ+ MgO + MnOY 2FT,



60 Ok # R 19844E

A0, XBHEBLBETEV VSR E AR RISEILE F4
R ER R THERG | o, |ow 1700 10 | o
NbyOs | Ta;05 | 5Ces0s | IY,0s [BEFMERIER| T220s | TiO: [ NaO

7 0.0020 | 0.0003 | 0.0391 | 0.0104 3 9| 202 6.70 0.005 0.51 | An28~486
19(18) | 0.0027 | 0.0003 | 0.0306 | 0.0043 | 10 75 | 259 9.00 0.008 0.78 | An29~33

423(78) | 0.0025 | 0.0003 | 0.0236 | 0.0123 35 100 | 127 8.40 0.007 1.14 | An22~35
72(47) | 0.0019 | 0.0002 | 0.0247 | 0.0094 28 82 | 68 9.50 0.014 1.60 Apl8

a w o o= | F O
%

FEHODF Z

( YAANDOs, TazOs HMFRREG FRRE. EHFESRLAKRARS,

ﬁKﬁ%ﬁ,mmemlmbHMMMﬁmwﬁm&%E;HQ‘T&,@Ou&ﬁﬁﬁ
MBI, BAESLADRREANE, BELYRER, %Rt. RETEERSE
AR RARE, EERASRERD, BBERHES TR SLRHL, Bis5 POI- 4
&, RHTHRLFBER,

Bk, ERKHEASEBRPRBRRGRERKRR, B TARERE RSB
HREERBL. BELE, THASMEFERT ARG EEKK. KIER KK
B TR EREREIA, AMBEBRT TRAZE nkE) , FHBRES
HREG., BER. BRe-ERET WEAKXBE), HNBEHRAE Tk s HE
WP ERENAETS, FHEERGEMELY L,

EHRHE LN, RFEE, EVTEORARAENEE, DA%t MET
BY K OEUBER SR, NEH-B, £SHntERRERRRIE (&),

C MWERTLAEN, BRBREERERYE. RERSREEN, &2 BEERAST

BHRD R H R R BEERBRRRGAMIRL, B, BE TR LhrE bR
AHBZBERESRBER B0 HAZBERY. By GRER) & BX3 R
BoWERTHASBERY, RS M ESIE R A B R R B A S8 R
B, A EED) MARBERE. ARRVHBERBERE VL.

ERRERRLABRNE, EHREBRFANRRERNESERSMBAE, B, 5.
0. PBETRMRRED MR B TERRNBRENEARBERSROZRETRR
SEMETERE AR, B, E. . M. 8 G 8. B0 MRBRERRESER & M
BSERSME, 8. . A, 8 B, . 8. 8. 8. B89 mesmEsknmn, T
BB BH RS R ETIER SRR RER I EME, BRT BRI EEHED
A FTLRBBHRTE nA=—) R—BRI R ARG K,

B—FE, BHMEERREE E4RELRSEBIPRERKRNT SERSNBH
TEMBRASH, RRRXRNBELHERS, BRESE. 8. 8. % Gh. 5 mER
BEERERY REMBEREE MBFLD MERERY: RTRERTIERERDL
SRTHAAR AP ERIERE, BREENMBESEFEGHRKAL. ZEELaksy
LR BT R,

0 ESATHREREFK. TH.
9 BESHANRELH. TH.



Fag H1M MERESEREARGBL. RELELYERRESRTAL 61

IFE—E#Ht, RETETERUMENEERUERS RILE =S
| i
2 A iz it m = bt} :
# 7 W | BxEm-e
S ] -
R0 (%) 5.57 3.69 1.86 1,51
Tio: (%) 0.38 0.16 0.068 0.036
CaO (%) 2.17 0.96 0.64 0.44
(Nb +Ta)20:(%) 0.0042 0.0063 0.0092 0.021
TR:0; (%) 0.030 - 0.033 0.0195 0.014
K,0/NaO 1.53 1.49 1.25 0.68
(Nb +T2);0s/TiO: 0,011 0.039 0.135 0.583
TRzQ;/Ca0Q ©0.014 ! 0.034 0.030 0,032
BEHE OM 18 67 125 85
WX 5 15 20 10

Y EXRRBHREENEIERE.

BRI P& FTE, EERYRRRE RS, THEAMLAXERERHELE
M, ERSHTHL. BAEMDE. 8. 8. PESTERLAE - MENNEEEE, BRT
MBI EN B, BBETR—TEME LSRR B YRR TR, AR RE
IR R AL, HTIIHRAT SR e R EnRERAESAAEBORLEES
ETE I 30 X — %«

ERLTEYMHANG, KA. BA—> BAE. ARA) . BHAE-REAR. G
75 — GRBA) . BEy—RSW— GRAED) . BEH HRE;

ARATHNERBLEY. EREV—EREP) - GRLEF) . BBy — GR
%) . ERKRY— GEEED) . BB, BB, SRG-SRENETY. SRE
B KR,

SHRBTUHEERE > SR B G REILEEO N M.

£ bpR, RBEERERRBRRT ERXBMRE 7 FORmEtEsl. X—HLrs
ABEBRYE, HRRTEBEETRES, BHAELTHEN,

T BRGHILR R RO

VURM A, EEZER GUERD 80 R EREE, R TR0 RE (B
PRAED 22 fh AR SR B IA R T SR 22 [l o M BB AL 22 BR R LA R B T R & B (b ER L 22 M 20
R — R ARSI PL, BRELDL, BRBEADLAMERER, ERBER
R s KGRy RER ), DEFHTHEARL, £, 8, 5. 8. 8. B 8. 8. 8,

O iEfEE1980F JCRREBRIER R fEHUNBH ISR —
O THRHMBA, BERIEAYE.
© ARXEZRETY “FEISTERIA B BE (B I L D REH 78R M S REBLIMA T RK AR
Wﬁﬁﬁk%ﬂﬁ% uREﬁEﬁE&%&FWmWMFEMt.%AﬁTY —E RS, Bi—4
BEHNRRIE AR ERE,



K B R 19844

62

WEFRTTRLEUMES R

¢ 1:+221)
m%m&ww ‘B
| T : |

(MMZQAIT) IS IH N L (M MZ Y IT) ‘IS TGN BL

w_ﬂwmmmwmmm mm&wmmwmwm

HYYEHATEEEHRS Aﬁm_ﬁv [
HET WS — U THF M- (M IEIZ 1) N
(v nyrrrtuziqdtny ey, (=19N) —E BT HE S G — - — EHAYGIHE®R.L B B—
“aN) igrustoptagtm oW Mg | (MREUYWREYXH | (FEz'us M e L qN) g BN EH _ (M IFIZYEL) N (XD

< EHURZER.LBS OB [«

(LA 21 qQNDIg ‘o ustag  m Wﬁ%&ﬁ%ﬁﬁ@&mv _ (Y10 3 1z (X) B 1, ON) ‘o @%W@ﬁ%m_ (g L 9N ‘oW m

24448 —ZEYd B® TIE S —EMURZ (O EE- A8 4HEH—
(41'0*YL'2g 21, qN) _
2 ¥ # %
? : (UL QY.L E.L9ND
— M TR S — % % 44 %
GH“Z'YL'MYL LN 1+
A S A D) _  GHMZYLLD) —EEURZIETF LD FERe—— U IR B
lﬂﬂﬁ@ﬁ%ﬁbﬁ%ﬁl
23 EH,D,M.W%%@%.U@
— BB U N Y E <
(BB EER) E&QMM@@ (BLON IEDIZ €A (3D)
_n o _ o w o _ A...m.?{u,am,E,E,oz.._m.m\,.um.nh,uz,mb
m_<mﬁﬂT:m4mm () m%Tm<@%@$Tm4m%$J, WU TEEE  UEWNEBU
(ARRESHENNEH YN ESED qTLg
_ 4L) ‘eL'qN 2 H ny ¥URy
———— YW ¥ YMEY-—DUBEEYE XD
_ SYZSR |

9% ZRICHDM Y LW ZWREHY WFLUTFRUXENTTHFN BT HE



ek Hil HGBESEREEXRNEL. RATERTEARLSRIER 63

. BLAREEH. 8. B, &, B, BTXBTEL BORIELEERR, RiEEE
RARMARREN RS, BRT—RIIARATENRARTHAAHAR R K, HE
— HREBR ML ALY R E, HEREEBIORR, 58— KB RELHRR
Mtkrh, ZHEEE—AMEMEEGERMLE, RAAEHLE., H— e RatEny K
WHR., BNIERERF LEMARATFHESEL, HEFMRMERNRILLR. RERIA
FE: B N BB, 23 1Al _E BRI — TP S N R =53, 1 5 Ce— 2 Y—Y | NDbRKY,
Be—sNb, (Ta, Hf, W)—Ta, Hi, (Nb, Be, W, Sn)—Be, (Nb, Ta, W, Mo)—W,
(Be, Mo, Bi, Nb, Ta)—Sn, (Nb, Ta, Fifb#y) Hio#3%R. Flin—A 5y HO, LLIE
REEAD R, kKD k. BRABEXNSH-ERL. B, BAXBEREN—E
IR A M S AR, BRIk, XFERARLAE, ERK
ER:i RN

TRIEE N, ATE, —BRBENESEROK - M e, 8, % 8. #HiR
(EF) Rk EARERAR, XHERERE, 8 B, B TRmAaRKEY, wRa
Blgk, @, 8. 1. BRMEDS LR K. HiXE®p RESE L, b LR E LS
PItHRN, kAR BRI, XHFIFRE, .

1. {LAEER RO . LEASAE. BB, SRR BN EERERTEA S B
B R KA ko

2. 27TIHVIR® . HHEREEE, KEAHAZFEAMAKE-EH. BRAAEKI—E
B, ARERARE B8, BREREH

3. 10157 K@ . HETREREPMAREE, BAKKD K, HEEERRTIEISDS.
WER. BRERESRERGH>ERLIER BN,

4, LEFER® . EICAAZEKBEY PR, SENSEASAGE., BEF e i
P F

5. WIFEY IR, S ARRERE. . 5. B, BVR,ARTdEARREL
KA. B8 K. ‘

{EFW X, BEE R ETRMP LT RNES LR, ERyIRHER S HFRR WS
PIE R,

gesb, ER—EENE, KPRt BraREbs k. Blanslagik, N M 8
AR L oE, SMBAHL18TE /M, BRLp 4258 /M SMEMEMEM L ERR L b E, S8
W ik1545 /0, HEAS6TE /i, IEEAHO, WH.LHBELEME, ¥ ik A8 Bk
§ (20,467 /0l BABIEK AW —EBTEY (11.390) . RBEP- (8.80 3i/0i) & #B
REEREN—ESREY 29,075/ HBRBERET,

PTG, BV R, HEROHASZOREE. UMTEYEAS, ©

O BEIrRREMAASTEAIOTAEEE,

O EILFEREMWREIE 19784 H

@ BEEEWPETITTERE.

O BEHMZE:. ®WHREI80ERE.

@ ERUWERZEMEN. PEMBRNEET KR,



64

S R

198448

TRERBU & et MRUCHEDH— -5 - -,

MER., BREREBAIARNTREEMA SN EE, BRI -3MERBE (AR
HREFAKOMAMERIKE) , AR RIER A H R R BEERIER A, W% IEK
HRERGEER, BEUBRENTEERE: REKSBREL TERE B, 5 & FE%

525§ X

5245 X

521§ X

B 1 REREGERSHERER

O—HEHAR. GEREK O—RBBZEMKL
EEH O—AxBESRDENKAREH
@—=EELARBRRERE T O—BERE
CREKAEE ) ¥ @—BHRAEMRER) 7
@—OAXRFMERERERE Q—TEMFN
BREKBYET O—ERBRBNEFE @&
B (RBEYVRER LXK BRENURRER

Fig. 1. Vertical zoning of the Nb-, Ta-rich
granite mass.

1. Nb-, Ta-deficient granite body of magmatic peri-

ods 2. Nb-rich protolithionite-albite zoney 3. albite

and Nb-, Ta-rich muscovite (protolithionite) zones

4., Ta (Nb) -bearing greissenized muscovite-albite

zoney 5. Ta (Sn)-rich intensely greisenized albite

2one; 6. pegmatoid (or quartz) crusts 7. disseminated

cassiterite veinlet zone occurring along contacty

8. disseminated tungsten or tin veinlet zone; 9. wol-

framite (or wolframite-beryl) quartz vein. (waved lines
indicate depth of erosion).
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to crustal remelied granitic magma in the Nanling regicn.
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THE MINERALIZATION PROCESSES AND MINEROGENE-
TIC MODEL OF THE RARE EARTH—RARE METAL
DEPOSITS RELATED TO THE GRANITOIDS OF
NANLING REGION

Wang Duzhao

(Institute of Geology, Geological Bureau o} Guangdong Province)

Abstract

The granitoids in Nanling region, such as migmatites, migmatic granites,
contaminated granites and crustal remelted granites, which were probably rela-
ted to the mineralizations of rare earth, rare metals and W, Sn, Mo, Bi, often
constitute along the Caledonian uplifts huge composite bodies bearing charac-
teristics of multiple stages and multiple facies. The rare metal-rich pegmatites
related to the migmatization of the Caledonian epoch are distributed along
outer border of the migmatic zone, while the rare earth, rare metal and non-
ferrous metal deposits, which had connection with the Middle and Late Yen-
shanian crustal remelted granites, are often seen spread along the periphery of

the composite granitic bodies in the Caledonian uplifts or along the faulted
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zone on the margin of the uplifts. It has also been observed that Be-, W-,
Sn-, Mo-, Bi-bearing quartz veins often rapidly thin out and disappear in the
Nb~, Ta-rich and W-, Mo-bearing granitic dikes or directly change into Nb-,
Ta-rich granitic dikes at depth, that the Nb-, Ta-rich granites successively
grade into Nb-, Ta~poor granites or W-bearing granites, rare earth-bearing gra-
nites and barren granites, and that rare elements-rich pegmatites directly chan-
ge into Nb-, Ta-rich granites in the strike or dip direction. The granitic
rocks and their related ore deposits display regularity in their variation of
rock-forming elements, ore-forming elements and mineral assemblages, having
evident volutional characteristics of heredity and development. Besides, accord-
ing to some geochemical data, the lower Paleozoic strata in this region are
rich in rare earth and rare metals (see Table 2), while some Upper Paleozoic
strata have relatively high abundances of W, Sn, Bi, Pb, Zn. These strata, there-
fore, presumably constituted the source material of mineralization in the
processes of migmatization, granitization and differentiation of the crustal re-
melted granitic magma.

The foregoing discussion indicates evidently that the granitic magmas
which gave rise to mineralizations of rare earths, rare metals,VV,Sn, Mo, Bi, and
other elements in Nanling region were the products of migmatization, granitiza-
tion of older sediments and rocks, which produced relatively large batholiths
through repeated replacements at various stages of crustal evolution. These ba-
tholiths eventually formed granitoid masses as a result of repeated and comsi-
stent remelting, differentiation and intrusion.

Different minerogenetic elements were concentrated at different petrogeue-
tic stages and formed accordingly various kinds of mineral deposits genetically
related to each other, thus comstituting in time and space the petrogenetic-
minerogenetic evolutional sequences as shown in Table 6.

These deposits generaily evolved from the centers of migmatization and
granitization radially outward, which finds expression in an apparent zoning;
tiom .urly to late periods or spatially in upward or outward succession, the
ore-forming elements appear in sequence of ¥Ce—3Y, Nb or Y, Be—Nb (Ta,
Hf, W)—»W (Mo, Bi, Be, Nb, Ta)—Sn (Nb, Ta, sulfides). The various types of
deposits derived from the same magmatic source occupied vertically relatively
fixed spatial positions respectively and graded into each other, denoting a regu-
lar and orderly zoming of mineral deposits and making up a completed and in-

tergrated minerogenetic model as shown in Fig. 2.



