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Abstract: The Zhengchong lithium-rubidium-cesium deposit in Daoxian County, Hunan Province, is a large rare metal deposit
being developed in the Nanling region. The ore-forming geological body is dominated by pervasively mineralized quartz-

zinnwaldite-topaz porphyritic rocks. However, the genesis of the quartz-zinnwaldite-topaz porphyritic rocks in this deposit remains
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controversial: magmatic versus metasomatic origin. It is essential to elucidate their genesis for refining the metallogenic
mechanisms of rare metal deposits, since such distinctive greisen-type rocks in the Nanling region are critical hosts for rare metal
mineralization. Based on field geological investigations and laboratory analyses, it is concluded that the quartz-zinnwaldite-topaz
porphyritic rocks are not products of greisenization. The principal lines of evidence are as follows: (1) the contact boundary between
the quartz-zinnwaldite-topaz porphyritic rocks and granites (or granite porphyries) is marked by an abrupt change in mineral
proportions, and granite xenoliths occur within the quartz-zinnwaldite-topaz porphyritic rocks; (2) the quartz-zinnwaldite-topaz
porphyritic rocks display a typical porphyritic texture with mostly euhedral phenocrysts, in which mineral-melt inclusions are
widely developed. Cathodoluminescence (CL.) images of quartz phenocrysts reveal primary growth zoning; (3) Al contents in quartz
are relatively homogeneous, with an average Ti content as high as 21.8 pg/g; (4) micas are dominated by zinnwaldite with scarce
muscovite. The high F content of zinnwaldite and the low F content of coexisting topaz collectively support a magmatic origin; (5)
monazite lacks hydrothermal alteration textures and alteration minerals, with magmatic geochemical characteristics; (6) whole-rock
Y/Ho, Nb/Taratios, and TE,; values (the deviation of the first and third tetrad of granite REE patterns from a hypothetical tetrad
effect-free REE pattern) show characteristic behavior of trace elements in silicate melts, which differ from those of granitic
rocks or greisens that have undergone significant magmatic-hydrothermal alteration. Geochemical modeling results indicate that
the quartz-zinnwaldite-topaz porphyritic rocks are likely formed by multistage in situ crystallization of the Jinjiling complex.

Key words: highly fractionated granite; magmatic evolution; rare metal deposit; Jinjiling complex; Nanling region; ore deposit;
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Regional geological sketch map of the Zhengchong deposit
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Fig.2 Geological map of Zhengchong mining district and typical field photos
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Fig.3 Field and microscopic photos of the quartz-zinnwaldite-topaz porphyritic rocks in the Zhengchong mining district
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Fig.4 Microphotograph of miarolitic cavities in the micro- and fine-grained quartz-zinnwaldite-topaz porphyritic rocks
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Fig.5 Microphotograph of the micro- and fine-grained quartz-zinnwaldite-topaz porphyritic rocks and cathodoluminescence (CL)

image of quartz phenocrysts
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UL (1 5a F1 L 6b) . G AN, Bk AR 25 B S = il AR 25
T 7 AIE 78 G- 40082 & A 52 [ B & ™ (T 4b).
3.2 WM ERALFIE R

HRAE T v X G XS e E X A AE KBS 5 = 0
BEA I = Bl IR AT 3 B 4 R (RE 6 1), % BRI 0
RN = BT 53 428 R R B R s )
R BRIV = B AR E PR o7 s = B4y
SHEAE R = BE A 24 ML, B8 = B R R O N
HERNLAW KR EHE TSN =B, Bk bk
T8 TR = B G, IE v ™ XAE 5 s A
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a. B BEA FE T N R (IE ZSfi ot ) 5 b, B = BEAI 8 & F & 4t 7n JOIE B 05 O 25 K B B, i IR Soufi(2021) & 2. Qz. A7 3% 5

Znw. BB =B Tpz. #5 &

BHAEWNEKE S R s MG E s, 58
F =N AR = B B o B 7 T e WY e AR A R
HORLRL R = B R AE R R BVRT A T S T
BB B A B R T AL RS s P BE
MRS  BRAU R ER K s RA
B FeO MgO & & [ R 1E , (FeO+MgO-+MnO) &
R T 20% ;88 = B b FLSi0,.Rb,0 \ Li,0 % %5 H
WL = TRk = B L NEXG IS AL <) 2 B X BEA B =
PR, & Bk (Fe'+Mn+Ti— ALY il (Mg-Li) 4 43
BT REAR AT 6 A I T A JR AR R = /N 2= BE (4 153
HALFRIE (B 6¢). HEAh , B FIREHINASE R s, 20
BRE 25 B A R o R 2 B R R AR AR N F
i R I B W ) 2 A R (L 7).
G X U 5 A 1 rhORLRE B 5 B R AR A A
Tif 8N 10.1~127.2 pg/g, FIIMH R 50.9 pg/g; b5
BARAERG PR B KBRS A TSR
9 5.2~102.5 pug/g, FHME N 27.6 pg/g; 16 K BE A
B A B Ti & &N 7.7~157.5 pg/g, F W H N
38.7 pg/gs m MBS A Tid N 7.7~52.6 pg/
g FIMH IR 21.6 pg/g; ¥ 5 & Tif JEREAE . i AH L
Z B IE T XA NE J7 ] B9 £ 44 vh W-Sn 8™ X &
By A JE bk A58 T & 0~4.7 pg/g, F AL
1.7 pg/g(Liu et al., 2022b). = S BE 2 516 X 5 A6
B BE 7 ) A7 9 T e A O, F 0 3 v T DX R
W B B 1 A 9 Jik sl BR U 8 Zinnwald / Cinovec £ £
LB IR B PR = %A (0.5~10.8 pg/g; Miiller ez
al., 2018). =Y BE A A7 Pe il S Y 45 R E (453.3~
607.2 °C, 19 519.5 °C; Liu et al., 2022b) 5 & & Bhi
JCE B AR R RAHZE 29 650 °C, B AHZE <500 °C;
Sirbescu and Nabelek, 2003; Anderson, 2012)#H T,

s AL T AR B B A HK 6 R (Tuolumne 12 A %
EH S, 474~561 °C; Ackerson et al., 2018).
3.3 ARMIKAFIER

ZEA B A BRI A R R RN A e R
M, Huang ez al.(2011)3E W] T 42 3 08 4 i 77 J2 i i
TEABIAE 5 77, W) a6 o 9K 5 bR A IR (parental mag-
ma) H A AR XS IR A R B K S iR AR X IR
(=960 °C, it 5 T AE K S1/NF 7 kbar i 1 1E H M1 7¢
TR PRHIE . IE v X = S BEA R MR BT ok
J& T 4 X Ue 57 A R /N — 4 R IR B A
R AL 22 FRAE ] B 5 4 G IE TR (<) A LR A K

(1) M\ 4 XSS TE 5 4 B = B B 77, &2 %5 Zr/HI
5 Nb/Ta lbH B A EMCHE, R FREBER . =%
DE A AH X B (9 Ze/HE FNb/Ta LA, & X i)
THMAEmASBERT ALK E A A
(Ballouard ez al., 20165 [ 8a) , LR 5 Sn-W-(U) i
THXERGFEEES FERIXNTL, E4N
Zinnwald/Cinovec # 2 & B 7 R POR = 96 5 1 2 8
Zr/HI{ 5 Nb/Ta lb {6 T 5% A 48 iy A XAk
AT 5 IE T X B S 25 R R (] 8a).

(2) N & XGUSTE 5 5 B = 9 BE 5, &5 F 1
SN TE, 5 Nb/Ta e fH 2 AR . Horp 480k
BB 4> 2= B SRR A R U AN TE, /b T
1.1, H.Nb/Ta Al K T 5, AR T A 70 A I3 bk
78 V& A (magmatic-hydrothermal alteration ) #9 i 45 i
€ 14 5 A A 1Y i BR AL 5 R AE (Ballouard et al.,
2016 K 8b), fl Zinnwald/Cinovec £ 2 4 J& #" JR B
W= LA (Maller ez al., 2018). = JLBE A ) & %
TE, /N 1.1, S B I 1l 3R Ak 2 1 R K & it 4
A% 5 TE A K AR A 3 B, B A R T Ak O R A TR
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(3) D\ 4 X9 U8 AL i) 77 W5 B K AL X % AE R BE
KA BE s BB B s 0 BE A (BORL - Al R
= BEBE A 5 MR = B BE A R AT ) L K/Rb UK/
Cs 25 Al AWK, LI Rb .Cs fl F 25 R M 45 6 &
SR R VE T R RS E R AT G A i o v AR T b K
b 2 MR (& 8cs 9/ 165 1R B 4 e & £ an |
NIRRT R RS A BT R ) | SR B8 HE 09 2 3K T b
Fi iE (Kaeter ez al., 2018). WA & 5 B K
EAWEAA, SR )E (LI Rb.CsTTER)
M\ BE T2 5 4 A 58 7K B T 9 1A (hydrous silicate flu-
id) oA ] 72 B Y 3 2 (Kaeter ez al., 2018) , Hi &
i o o R N S Sl s = K (SR EF: 2 e oy
(B 8c). ILAh, =B B A5 4 %5 Y/Ho L (H £ i 3k
3 Y N HE BV L (24<<Y/Ho<C34; & 8d) ,

7R 2 RE R R M IR P R T R Bk LA AT N X

i A B TP A2 1 (CHARAC 7)) B R 4E

4 mH B A NN KRR A & R SR
AL 4l

41 Z=EBAEKE

Rb.Li . F 0 R FE & E T X008 5 U5 K
VA, LA 2 0 B R F s s R R ok vt Horp, =
BEBREA 1 Rb F P& ik 2 666 pg/g f13.8% 5 &
KAKS = HEKARDF Y& &S5 N
1941 pg/g 1 1.3%. W5 AR AL <1 45 FIAE b 3 70
71 BT B R A B (R 3 {8 40 90k 1162 pg/g.
1000 pg/g) AHF & & AR CF ¥ 20 518 0.2% .
0.6%0). 4x XA 6 b 5 & b Rb & 3K CE¥{E N
397 pg/g) M F & 2k TA D BR (& 9). 7] Wiz X
W TE A F &S o 5B BUE R 2 DI G .
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a~b. RAEALE ) A5 R JF & e RAEALE L2 0s LiF &4

WK A PR EMTF &R (>28%, F
3.7%) Al BB S BCK A W R B 2k (1] 10a) . 1 g
JNFREE (1999) 1 1 46 B % -HL,O-HF 1k & 5256 % 2
o F IR AL R A R BT 43 5 R AR AR A
MIRES, B F & & B ALK A i etk Y
F & K F 4.8% B, Blid: K A i B e Sl e e T 2%
U B2 M R N HL & K 85 SRR D s TR A 4%
T R L IR 2 R R R s
B A A (B 10b). a8 F & &l 4 e
H,O | CLTE i 2 55 425 VR v 1) 15 A 52, 00 160 90 A s 97
PR W . Sn S U RFF LM B Em o Sk (52
B4, 2025) , 31X 0] BE S IE s K = S BE A
A AR T ERIT AR s JEBE A 1) Na & i
A, 2 R AR RRAE (& 6a) , 3% 4R K RE 5 J 45
o3 SRR MRS BT A 33X T R R A RS NI’
WER B S5 R (E R M, 1990; SCHES%, 2016). K
WA AR B F A R RS N (2
0.75% ) , 4k i) It 25 I B 45 oy Ak B W A RN TR S X
B, E AR A SN A E RS RNIRBEH(E

IR R TR B 5 B0 R U F Liu es a/.(2019, 2021, 2022b)

e L 25 19875 Glazner e al., 2021). 4k, Pollard
(2021) XYL PE BB X8 K8 = BE A6 < 4l i e
B A 341 = B A (quartz-lepidolite rock) A
R, A oA SHEEH S RAET 2=,
HPiR A A2 S H A E AR E  IFN X 2
1o B 3 S B A IR R A S AN TR VA I &
O3 A TR e A R K R T I AR, o ) 45 T A
RS Pl R S S N L i B B S S S R o
WX m BB AL, Na & B . N TA/EREA
B, AR SCR BB 58 43 Tk B 92 X5 I A AN TR V4R
JE A AFAE B UK R X M T F 5T b 78 A 56 TAE
42 HEEERT

Wb RTR , = S BE S v] Re S i AR B 0T IR [ 4
M Z A REDT T mES M SRR . 505
[ 4x %4 Nb/Ta. Zr/Hf fl Y/Ho ¥ #4{H 5> %] J 5.2
18.6.28.2, Fi - U 43 AW TE, {64 1.07, 455 A
A KA D PR S AN R A AR, T
AR FLOE BB 85 O A 3 AL AR 3R L R R AR KOS 14 It
A Vs B ) R B R A AR AR T B
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a. 0 e & S OE PR AE B A AT R F 3 i AR A M R B B s R R T R ALBE s b, 2 2R & R AR TR SR I R HLO Gk R LA R

Qz. 49, Znw. &k =~ B

2021). I, 2= 5% Bk e B B0 A6 0B 3o A T LA 45
73 SEAE L ER AL 2 B RDOR AL . DL G X8 e 52 50 1R
S5 oy SRR SRR 1700101 hoRLRL B = B K AR
i (Liu ez al., 2019) 9 B R 00 86 250, - i 45 f
H (equilibrium crystallization) | 43 & 45 & /E H (frac-
tional crystallization 5§ Rayleigh fractionation ) F/1 J& 1
#5 f VE F (in situ crystallization) i Hi BR £k 27 45 301 2%
FE 1L AT UL S 2 AR AR A A A TR
AR, BN [ AR B I BT R R 4 A
SAEHTCE 11a) . 43 25 25 b AE T B A fe e R0 A AH

RIOCHE B ERCR, Y45 MR LR 97.5% (HIF 4%
5 3 B0 R 0.025) IS, 1] 52 B IE wf T X = S BE A
BT (B 11b) 5 SR T, v Ak il 26 067 T A YA 58 B
fi I 4R BRAE B A 4 B0 B S XM T & 10
B TR (S R N e o TR o (B 1
2R SR M2 AR b ER A 2 B 0 45 5 5 R U
Bt LA R B A, Y A TR 3K 98.3 %0 (MR 4%
5 AR 5 $ R 0.017) B, BT F A 4 i A% o i 4
SR, 4 0 0 47 5 A 2 5 SR A i iy (&
1), 45 ko AR AT RE LA AN i 42 22 5 M I R AE
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(Xiao et al., 2025). WeAh, [FFELL 17ITLOLFE & o 45
G AL oy AR IR K AL 1Y% IR R R TR
100 MPa, %) 44 T Bk 850 °C, 4 4 50 °C i i (#5411
Mk 45, 12254 MEL TS (rhyolite- MELTS
1.1.0) BEALL 2, R 1 7 2 A6 1) 004 R 25 & 72 B85 8 90 %%
B T A s AR 20 53 O AN PSR A i T AR 20 53 . X 45
i B2 R 3k 98.3 %0 B, F8 A3 s R K Fr ik 6000, T
SiO, & 5 E AR (E 11b) , X BE B “ Fi R 8 48 K fig
B = JE B . I, 15 wh i X = J B A AR T fE R
S P BRL VR A i 45 o R Y R b 5 VR T T K
R BB A B T 45 A R R TS AL
RIS AR SCHESE T 2 90 JE 45 VR A R R s
BEAY BB AE TE A T i 5 I A ok A T B — U O
14 575 1k (remobilization) B} %& Az — WK J5 HL 25 A
FH e A e 5 A T v I A A R L AR
T2 O e AR A /IR (e SR A AR R AL
FE R M5 TC 3 ) B S 76 5 S A P TOURE I 0 ) o AR
HE BT R L B LR SR AR 2 AR R
2550 WK (f=0.75) Bl IR 75 &b o6 4% (1 28548 ) 1
Wy 18] B o (Langmuir, 1989). 45— YK & 58 7K F- 0%
b, I TH 45 44 SR 3t (reactive melt flow ) 28 3 & i
A A 12 0 5 1 2 AR R /R T A R )
A b e BE 5 1 — S M 45 AR G e vk R
O (Jackson et al., 20185 Liet al., 2024). %,
22 UK of R B b RN R s R ) LA R A
INE 1 22 U Ji Ml 4 b A P S, A 88 A S AR/ K i T
T 1 R R o R RS R 45 0 O 9w AR (1A
Tle~11d A& 12). Jugt b X 1 b5 & o 14 19 P 0%
AEAILH , A2 e 52 ) Z IR 4R 5 ik
o (B TN 2% 45, 20245 B B AE4% ) 2025; Xiao et al.,
2025) 51 B 4 4b 1) FRD 25 (8 R AR 0 Ak SO 5| R
s AR AT A A3 L, SRy AE B T I 22 TR i L2 Ay S
BRI A A AR T A (R AR TS, 2023).
TR R IR R R AR A TR R R
rn R SRS B 20 T RANIR SRR . o, ik
A DU A R ER A A 7K Ak I I MR Bl B A& (Troch et
al., 2022). H ik, 18 11a 5 11c YRR 2R A 5 AH L,
AT A AN TR A b S 3 S . 22 0 R b 45 o 1 FH b sk
Ak 2 B A A] DL 3 22 ik B R S K R A AR R AN
FHZS 0 B M B N TR AL B A K R A A
T2 Y 45 o AR (3230 100%6) X — AN A #L R B
PRI, P N7 4 0 08 5 X A = W D b 235 it A
JH M 3Kk Ak 25 858 (8] 11e~11d; B 12) : 4 X904 4E 5

DI T 298056 4 fi FE B 1 I M 45 S AR g K
165 75 AL B BE S 22 07 T 249 70 %% 45 fb AR B 1Y) 5 b
SiER, ZREBCA WS DT T 29 705 45 SRR Y R
Hb 45 VR R s = U D M A VR AR S, il & D 5
HMRAERBERSHEWASRBREE . ARE
RO MRS RV BB IR I C B S 5 )2, SR X
Jo 4143 A 7K R R AL AR 8 0 K R B AR AR I
F AL B3 A B A B B A v 09 45 79 8 55 X (Troch es
al., 2022) ,JE BLIE i X T DLABLZ AR AR 25035 BE
R = IEBE S (K 2b B 12b) . 5 9 Fl s £ Hh Bk AL 2
FRIE R A RL TR AERIER,
I PO Tl A VR RS L 3X R A R Sy AR
A TCR KO A P2l & R0 140 w4, ok
i T 20 53 1 7K CRE 0T AR TR s F 8 d (>2.8 %) i B
i M A, A B 2 O A E R s BB
WA G = J B, [F I &4 Li-Rb-Cs 4k

5 Z5ie

AR SCAE BT 4 1 B A b T E A S = N WO
B i o T S R A7 NE S 7 S (U PN 7 = |
K Li-Rb-Cs S " MLEE , £ Z B DL R 4598 .

(DGR AMF T YRI5 5 A ek
b 27 B, A IR 58 = 98 B A T AR R RO AR
MR =¥ a Wi E F(>2.8%) B & 46 K R
20 43 B K ORE BT A [ 45 R, B T A K AR
Tl AR A R 55 I A B P s R AR R

(2) M ot 38 A T35 b BHOE R &5 40 S A b
BRAL 2 AL A5 A SCHEE ST T 2 R M A AR VE H
K ZE RIS BUA TR RY R R R — IR S A
PP I D b 235 P L AR 2R b i R R AR R e A S O
AHZS TC TR UM AR S 3 Ry A 1) EaE #8402 T —
U ZE AR R R 5 R R 22 I Ak AT KA R
TR TR FF L 8 A AL B AL 54 T
IR Ry e 3 TR S A R N R A
R TUER L W A & B IR L R BN 55 Z A K
YR i 245 it 4 S AR, SE AT G R ) S AL 45 2R

B B A E T LA EH R IR
el SR TR A @B A I RAE TR S
BITARNFEFINAFIREPRBET R HLE LT
AR T RS EN, L — I B TS Bt

& U https://doi.org/10.3799/dqkx.2025.245.
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