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Fig.1. Geological map of Wuyi~-Dongyang area of Zhejiang Province showing distribution of
fluorite resources.
1. Sedimentary rocks; 2. Sedimentary rocks in the upper part and sedimentary rocks intercalated with
volcanic rocks in the lower parts 3. Volcanic rocks intercalated with sedimentary rocks of Moshishan
Group; 4. Metamorphic rocks of d Member of Cheacai Groups 5-7. Early Cretaceous subvolcanic rocks;
8. Late Jurassic subvolcanic rockss 9,10,11,12. Late Yanshanian granite porphyry, granodiorite, grano~
diorite porphyry and quartz monzopite respectivelys 13, Early Yanshanian granite; 14,15,16. Large-,
medium-, small-sized fluorite deposit respectivelys 17. Fault; 18. Geological boundary; 19. Unconformity;
20. Isotopic age (Ma) with the analytical method.
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BOARE, MERANEN (An€ch) TREW BREXER, X RHHLE %P ZL4%
BEAWLR Jo) KUICERAZRLAIREAREZR.

BRABGHADBZ(ERFAEOKIKE. EHRSANIKRE. AREBERFEF
BN EBTHREM AR (Aneck®) , BRUIBXKIEZEORE, FREXURES. B
BRI EHE, BEBRENEL-HECEH G, IR ENRABANHTAES, KT 83
MABA—BEULG S EER S, AMRELEATRHRMBIRE, XhEREBREE
Rkadk, AOoRKUBAKE: LRV ESHEBARLOKRERDE, BRVE, 75
KRUHEKE, BREMERa MRSy FEAKLES, BUERRY. HafmaNgdziEhEs:
LB,

MEAZEEAEREMEER (R 1) JLUEH, KUWEHAEER CKMiHEHH
WEREEA0.047%, BREE, 1981), MERAHFHERENSESTXLEMLE,

X1 BRETERR

Table 1. Fluorine contents of various rocks

. F & & (%
BfR a5 R R PR Ok E
EHm | Ty
BAREH ARE 13 0.021—1.420 0.068 AX
Wh gk B i KlE 529 0.005—0.460 0.053
A& 5 = H R KBA(1984)
BifERAD ERE 257 0.002—0.485 0,091

=  #HAT{LRE

KAEAT RO AL AR & Dk RE 0 AR A R R, SR A LA 1,
P IRERETARET R ERLPAERE X, BV SR EEP G RLAATE, KK
R (BIGD S RUE. M0 ERP, SOk KUE ARG A4h, RETL, %
FART B, XASTXUBKRES), JFHEmAUR OB EERAIFEZ TR
R OF HALLEHERD 5 EAPkFTCHEM B TRAEE 70Ma, X&k HiR T R4 F
B Bk B e bk 2 i — B A kLt R TG B VT AE

HAMETYEEAARE, KAAIRAO, Ba0%, HAakFENEE —-BBLEH
TR p— KB A DA, MhAs KM AskL, BBk, KEAL, HkHEK L
ft. B,

MEAFAERGVIRERNA, KERTRGE —REE100—200C LA, BRESKL
—#E5—25%, FHEH5—15wt. % NaCl,

W, BRRIER

LpBarmBRERAN:. RRERSIARRAGHERUCEARIITXR 2, BT
Hs-28E R LA, J AR WS Sr /S Srbb EROAEGE . ""Sr/* S Lh i h0.7276,
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RALLE R i e Rb-Srfal i i E 45 R
FIRIFA A SR A R E] (#4570 Ma)
ERE 3 ME 4 MW BHE T = ARy
9K RO A Se /0 Srbb . BT HEE
REKUEDER. BERK AN Sc/*Srkl
BfSr& &E—HFTES,

2.EANMERGEEHAR. ARXBE G
HATERPEGHEADERGLEAR (F6)
M, FAE0.75004 4, BT KA
BUARSSr/SrE il BRABIEEMSN, K
ZBCE M S/ S (R % 1R 3 A W ER R
PLFELEELTEEN, EETFESr/*SrEy
LefE.

% 2z BJIBEHRERRER
Table 2.Strontium isotope composition

of Caochuan Formation

BB | RRER | 7 R
He-1 EIRGE 134.16 0.7298
He-2 %5 R 155.81 0.7227
Hec-3 TRAE 149.18 0.7367
Hec-14 45 R4 B 226.60 0.7186
Tec-1 ERE 113.85 0.7277
Te-2 K& 104.62 0.7239
Zc-1 R 267.79 0.7192
Zc-2 KE 374.62 0.7137
Hs-1 BYEESE]  224.19 0.7199
Hs-2 BE®EEl  41.92 0.7640

(HHH B BT AMAT 260 R #lE)

®3 BRLUFKLESD. BUEER

Table 3. Rubidium and strontium determinations of volcanic rocks of Moshishan Gr up

u ] B R SRL 8631 o /e . . ,
& =] 87 8¢ 87 )
) # Tl o | (o | FRO/SE | S7Se/se S £ 40 TS R
. 7 ) A4 w 87
Fo3d igﬂ]ﬁ X 48.55 12.96 3.747 0.7138 ¢ GGST) MG S
Fo35 Mot & el 71.64 13.62 5.259 0.7207 5z
Fo36 BEIR B R R & 56.78 6.293 9.025 0.7310 | 0-7089£0.0021;
Fo37 RIBER S L 101.69 | 7.974 12.700 | 0.7300 | FERIEA140214Ma;
7 ,
Fo37-k | RBERE WkE | 115.66 | 5.673 20.16 0.7499 m;éff‘ﬁjgo.9752,
Fo38 TER L 70,49 13.46 5.236 0.7217 | FERIEORA
—- -i1,-1
Fo39 FRBEE S 63.17 20.70 3.052 0.7139 | A=1.42%107%a
CGERE1979(0 )
R4 FEETRESD. RUELER
Table 4,Rubidium and strontium determinations of metamorphic rocks of Chencai Group
- : 7R 865y S7Rb 575y
ﬁﬁ‘ H’: Crl?:l Zl ﬁ( (ppm) (ppm) —EE_'— Bo3r %Wgﬁﬂﬁ%%
. g s . . . . 575 .
IN101 ‘&Eﬂ,..‘z}#ﬂaﬁa‘ 98.77 10.47 9.4350 0.9224 5T WL %
TN103 ERMKAMRE 46.88 26.38 1.7762 0.7556 Sr
TN105 | SHEESANMKARE]  56.96 17.81 3.1976 0.7826 ?égg%;‘ﬁ—:t&%{ﬁﬁ@
TN106 ﬁ#iﬁ%xﬁj]ﬂfﬁﬁ}#ﬁﬂiz; 44.98 18.65 2.4122 0.7607 H% B 02600855
TN107 Bk MRE 63.95 16.41 3.8968 0.7743 R R
¥
TN110 AfBAINER RS 62.51 14.20 4.4017 0.8148 A=1.42%10 1a!

EXR AR, 1985)
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Table 5. Strontium isotope composition of volcanic and metamorphic rocks of fluorite~
forming period

e oA E K HE Sr(ppm) 878r/%Sr 7w oM X ®
Fo34 TmE 131.40 0.7126 BEIMEBETE
Fo35 bt g k= 138.28 0.7141
Fo36 BRKERHEER 63.95 0.7179
Fo37 REEKE 81.01 0.7215
Ro37-k | HRG 57.74 0.7289
Po38 FEHE BEALE 136.64 0.7141
Fo39 maE 210,03 0.7119 *%

YJe-1 KkEBKRE 1419.30 0.7103

YJc-2 kmﬁwzf 844.59 0.7108 HEE 1985)
Y-11 Kl RS 0.7085

SE#50.7151

T'N101 SHMBERRE 108.40 0.9103 &R BER
TNI103 BEMKIRE 268.75 0.7456

TN105 | BEESZARNHKERE 181.97 0.7762

TN106 ESREZHRNREE RS MBI 190.04 0.7593

TN107 BRBRARE 167.45 0.7704

TNI10 AEARNERA R 145.48 0.8021

EH0.7940

¥ 6 FONHERAGRENANEETRINER

Table 6. Strontium isotope composition and strontium analyses of fluorite

B 5 LI S #H = Sr(ppm) 878r /%°Sr Rb/Sr
YJE-1 BR Kl KBS 56.73 0.7508
YJE-3 BR K E TR 38.89 0.7710
YSF-1 FNPS Kl 49.08 0.7433
HE-1 fet R 52.47 0.7661 0.0037
HF-2 Lol RS 50,27 0.7594
HE-3 e i b= 50.27 0.7578
SF-1 MR RAE 91.70 0.7345
ZF-1 EN RE 67.19 0.7326 0.0056
TF-1 3k RE 42.24 0.7527
NF-1 B i k& 57.96 0.7619
ZKF-~1 (g kg EEE 87.74 0.7306
HXE-1 EiE FRE 59.95 0.7551

(HE S5 FAMAT 260 Rk RE)

E S

LW HAE PR REENRE: SARBPESHMETTUAREE T 8 MAEZH
(Deerd, 1966)°, AXIMEHBHETEAMHRD/SrEb{E/F0.0056 (¥ 6), Hik, %N
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5 L B PR AE S 7 b R R o 4R B & BRI e B R R 0 St 2 A B R ke 38 L i LTS
OrfE B F N E F N, AR A RROR T fE], YSrASSIA S REM B
B (Faure, 1977) 0, ix#, e LIBEAME RO EA KA AR M0 fiHk
AR EA K, 6 hERMS Sr/*Sr i B S T KA "Sr/%5r LhiE., kil B
SIS /M ST G IE R0 .70890, AT LAER ATOMaZk A, IR F A R AT A T B g
RV BRI TR A KIS, IRAEAE MR A I RRIY Sr/ Sri g, MEEXLE
(EFEHEET WM, KA BRb/SrHEEE T# 3 B KB KbR B&E, XB
BRRTTREM, FIRE, BB M ok R B At A AT R ok B B TR (STSr/™Sr
I H0.7276), BT HE AN TSr/%0r il — R ERE TR LA LR B, Ik T
B (F2, F5ME6), FUNEYRI EEE XA, BEMTRER S b Kk
W, AEFTREIED O KA R KR RS RE S, kP klamE aBHIRs
B8TST/SSSrEb AL, ACERTEIE 0.7213) {EAENEZEAMTS/CSrinlE, 5 ik
J (1980) @ FILHER (1980) @ HUAEAT IKPT AMEBHY AIREK A Libig, %
BB W B3 AT AT A B, FRATHC b8 Y Sr/# Sr L 40,7050 (Faure, 1977) 7,
FABRERASEAMERCERRZRAER BRE . £8 CKEmNERE) ik
B AR MR A KBRS, TR, BHFaure (1979) DRFFLKIE K Sr/Srib i
Fik, ATHTFHHERR:

V5r - “Sr>‘ ('”51")” E‘Ei)"'
(éGSr )Fr '(sssl. c+ 86Sr B+(8GSI‘ M (1)

iy (o ) hUET LRI, R R WRAR R, SRR R

8651.
B AR EE, b fAtre. b may BIRE LR ZHOREE A L6,
BB M BB TS/ Sr R ERA TR (D, BREFH
(%)m =0.7218¢+0.79405+ 0.70507) ves sessvavensosasssesessarsaes ( 2)

AW 2 FoRx AT, BEAMY S/ SrHE R E7E0.7050H]0. 7940 TER Z N,
FOHEAMTS/OSERTE 2 1, FRF\BNES GEFRE) h=REER R FI5]
FRT RERTWELES, M FRSEEAREMRR, HhBm40—50% AL & B LR
RRDEFAREN, RAERAEAANLBBGERABL0%,

2 BRI, AR R 6k 2 ik s R e R s R Z M R 2 (>
70Ma) IR, RFIERPRIER (F7.Ca’ Sr* %) WIHE BB i U O BOfR A
AR,

PAROL LA /T LA A e RO B0 R IR TR (BP0 MsRIE™, RN fE b BR 1l 2
W T R AR, ETRERN DA RS P ERIER RS, XEE, R THENEO BRI
FH TR A LU R Rl e B T 3 SR R TR HL B

@ AL BEHEERKX (1980) » JRFSHITIRE>, M (1984) iF
@ H.AZHEEXR (1980) , RENABEGTLIER, HEH (1984) #
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B AR A X R, BREEA
0.7540 Kams, @Rk — ka5
Vi nfkA. FEAS) , AmEese
MERR—L & OH BEm 2 R m &
U nERAPNERRE) , AhEy
Wp, ERMENSEBEES, afNA. B
KA%E, HREH, XE848E. Kvmik
EREEEA. ANG<BEB<fkA
<BEKA<HKA. Bk, mPEEy iR
M E A IFER BRERMNE A RS
o, MAfExAERS, AR BaFdos
KBHEABRB A H, BIELR 8 h iy F/Sr
R 7 AN AR R B, 3R
AR 58 0 B ik A2 o 44 o 6 s 5 1 4R % B )
HER, BREEAR (R9) £9, X%
AR EERF TR OBRERT IR,

S AT L. HFEAY K b
FREE # 7Sr/%3r HeiE 2 0.7102:£0.0002
O XABUEFHEY KB & 0 Sr/5Srh (g
(R HA0.7085—0.7108, K 1L #-40.7119—
0.7289, RS AL, BHEARRATER

B2 AKX ETRRGRR 1 OT/PST LI (0.7506—0.7710,3%6),
RAWAH XRY, ahHE ARG AR K2
Fig.2. Mixed j}ii;‘%i?;ionﬁum isotope KE}E&JO%WEFPH"J%E(%) )—Lj}'zégﬁ;’.éagl
composition of fluorite from A e AR R B AN, nmi Tk, &
Wuyi—Dongyang area. RZFERCENDRAGRIIES, Hhs

AR S LA RIEBIE B R Sr/ St E R CEFUATRED . BT 7 WA 2 78 3l Fe FI o g 340
Wr BT g, Mo b EgE TEA, BRSSP RARKBEERRAMLRAK LR,
AR, FEMNIERE R, BT ER S B SRR RN #1T, BmhE
AR OE) LI BUREH IS, X, MERKPHRBEANEE CEARE , S58
X e W &, BIRA R A A R, TARE B AR AL R S AR

H—FH, E. AFRGERE (K10 KU, KT W RS AR oy bR Sl
BRI, B, HARIEERKD OMMODE LA th A AN EE R E
HPHIE (B 3) , RE2KRSBEASEAETRAMER LIRS T OBEMER. H WEMH
8 *Ou oY HEARM TUE, BYIERY B A K EFAEA T HRE RS,

LR LR, AKENY IR LAA D R R —Fid #h $hok 3R I 28 BUR B 76 G £ B
HRRPRARIM R G SRR R CEREIR) » B 8 IR IR M 1 1 5 6 B8R il
B, AL & th R IR B R B A R B Ca? " B oy 3 5 A k47 R
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Table 7. Mixing percentage of siLrontium Table 8. F/Sr ratios of the cover,
isotope composition of fluorite basement and upper mantle
= | EEXE B K O5 . f = ¥ st s
# = (Jam—K;) (An€ch) L8R IR ZRCRE (ppm) (ppm) /s
§J§<1 62—0 38—42 0—>58 EE(Jsm—K)| 605 261 2.32
JR-3 34—0 66—72 0-—28
ZS:‘II Zz_z zz_gg 0—52 HIE(Ap€ch) 910 177 5.14
- — — 0—34
HF-2 50—0 50—60 0—40 "
HF-3 52—0 48—57 0—43 L 1700 1200 1
F- 81—0 — —
21:_11 830 ;3_2? g :; CERE. 5098
TE-1 59—0 41—51 0—49 9 HOEVPNERETSET
NF-1 48—0 52—61 0—39 Table 9.Percentage of various fluorine
ZKF-1 87—0 13—28 0—72 . . -
— 550 (5—54 — 6 sources for fluorite mineralization
Slzitj{ﬁ 60—0 40—50 0—50 ﬁeq BLEE%%*{T J)EE;EJ»?P ﬁfi%(ﬁ’ _t“ﬂ 5¥dr
R Pl Jam—K)) | (An€ch) SO
BERBMEM, BFRESKBERBAOESESR K vir1 |8 x| 22— | 58-72 0—28
A Jﬁ%ﬁﬁ?iwkmﬂ}zrﬁu:ii_fzo Lt B Pl A AN B
) . Ny YSF-1 | &3 51— 49—72 —
SRR KRBT R TR o, i | oo | rsee | oo
g, MR — ik R, BuFEHER HE-2 | #b3E | 31—0 £9—384 0—16
j] J:ﬂﬁ’]'bﬁ (%H%) #‘—{1‘7}( %E&Jﬁﬁr) HF-3 TaFn % 33—0 67—83 0—17
- - SI-1 Mo | 66—0 34—64 0—36
=] L Vo = “ /\”
ST EAN K UL v v T B R 5 50 e L sl seo | s1—en | oiss
KRBT A, HEIER AP F- Ca? ik Rk, TE1 |3 k| 39—0 61—79 0—21
MU, EARRIE, PHITIAR , fekfh N B s e |0
ZKF-1 | 17 Bi | 75— —58 —12
FAHEDORAEAGERETNEIETE oy | o m| oo | siss | oo
gy X Fifr -+ #\4 v Iy : 1=
AL SR R KRS BURD™ 1 B P R R R
N 4 pir,
x 10 BHRYBEGYRNESERGLEAR
Table 10.Hydrogen and oxygen isotopic composition of fluorite deposits in the Yanjia
orefield
FEER | T # o oot 3 ua0 o Y %R X
- (% BECO (%) (%) o v o
¥Oom% WA +1.3 - 68 B HK3)
HE WA +1.4 AL
LIE A - 48.23 e E PN
BhO —-67.5 TREE (1989
FhRG +4.2—+ 4,7 150+ -8.4—=T.9 SREAE S (198D
FHE +6.59 150 + ~8.04 55 HCS)

OuBEKORHER
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BRI FER R RAAOE/SrHIERY, AR Rh 2 57—76% WM 40—50%
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STRONTIUM ISOTOPE GEOCHEMISTRY OF FLUORITE
DEPOSITS IN WUYI-DONGYANG AREA.ZHEJIANG PROVINCE

Li Changjiang and Jiang Xuliang

(Zhejiang Institute of Geological Sciences, Hangzhou, Zhejiang)

Abstract

Fluorite deposits in Wuyi-Dongyang fluorite minerogenic area occur
mostly in Late Jurassic volcanic rocks and secondarily in Early Cretaceous
sedimentary rocks and metamorphic rocks of precambrian Chencai Group.
Orebodies are unexceptionally in the vein-like form and fluorite mineralization

has an age of some 70 Ma. The ¥Sr/%5r ratios of fluorite-related Late Jurassic

CT #8427 to be continued on p.42)
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the variation in trace element contents of the host rocks in the Dachang ore
deposits with that of bedded chert and tourmalinite in some massive sulfide
deposits as well as with that of sandstone, limestone and shale, the authors
fail to reveal any significant regularities among them. However, according to
cluster analysis with the Euclidean distance of the trace element composition
based on eleven parameters including contents of the above eight elements
and ratios of Zr/TiO,, Nb/Y, Ga/Sc, the geochemical classification of the host
rocks in terms of the trace elements in the Dachang ore deposits shows mar—
kedly genetic significance: siliceous rocks, K—feldspar-rich rocks and tourma-
linites could be classified as the group of exhalite-chert, and sericitic rocks
and sericite-bearing feldspar-rich rocks could be assigned to the group of sha-
les. Obviously, the geochemical characteristics of the trace elements, just like
the REE characteristics, can provide new evidence for the role o1 exhalative
processes in the formation of the Devomian host rocks in the Pachang tin-po-
Jymetallic ore field.

%X X x X X % X X X X X X X X
(#7470  continued from p. 74)

volcanic rocks, Early Cretaceous sedimentary rocks and metamorphic rocks of
Precambrian Chenicaj Group are respectively 0.7085—0.7289(averagely 0.7151),
0.7137—0.7640 (averagely 0.7276) and 0.7456—0.9103 (averagely 0.7940).
Fluorites from fluorite deposits in different types of wall rocks have - fairly
similar strontium composition, and *Sr/*Sr ratios vary in the range of
0.7306—0.7710, with the average being 0.7500 or so. These data indicate that
the strontium isotope composition of fluorite-forming fluids was controlled by
mixed system of stromtium isotopes derived from different sources. The three—
component mixing model and ¥/Sr raties of the rocks suggest that, during the
mineralization of fluorite, about 57—76% F and 40—50% Sr (Ca) came from
basement metamorphic rocks of Precambrian Chencai Group, while F derived
from upper mantle did not exceed 24% on the average. This result demonstra-
tes convincingly that metamorphic rocks of Precambrian Chencai Group is the
main source bed for fluorite deposits in this area. ¢'%0 and §D values of wa-
ter in fluorite inclusions are respectively +1,3—1.4%,.and —48.23—68.00%,,
showing hydrogen and oxygen isotopic composition characters of geothermal
water. It is believed fromr the above Sr, H, O isotopic data and field studies
that, rather than being of volcanic hydrothermal origin, the fluorite deposits in
this area should mainly attribute their formation to circulation and drawing of

paleogeothermal waters.



