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Abstract: The conventional gemological properties, chemical composition, crystal structure, and inclusions compo-
sition and characteristics of the Nigerian gahnite were analyzed in depth by conventional gemological testing, elec-
tron probe, single crystal X-ray diffraction, and Raman spectroscopy. The gahnite exhibits well-preserved octahe-
dral crystal morphology, strong vitreous luster, and semi-transparency, with a relative density ranging from 4. 48 to
4.61 and a refractive index of 1.792 to 1. 794, displaying inert fluorescence under ultraviolet light. The electron

probe analysis determined its chemical formula as Zn  ¢; 4 9 F€ g 06-0.07) Al (1 08-2.01)O4- Single-crystal X-ray diffrac-

tion revealed a cubic crystal system with space group F d3m, lattice parameter a =8. 089 (2) A, tetrahedral bond
length T—0=1.953(4) A, and octahedral bond length M—0=1.912 9(19)A. Characteristic Raman absorption
peaks for gahnite were identified at 418 ¢cm™" and 659 ¢cm™, corresponding to the E, mode and high-frequency T,
mode, respectively. Raman spectroscopy of inclusions confirmed the presence of various minerals in gahnite,

including sphalerite, albite, muscovite, quartz, beryl, zircon, and phenacite. Combined with previous studies, it is
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believed that gahnite in Nigeria is formed in granite-pegmatite rich in Li, Cs, Rb, Be and Ta.
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Fig. 1 Geological schematic map of Nigeria (after Nuhu George, 2009)
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Fig. 2 Gahnite samples from Nigeria
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Fig. 3 Triangular etchings and triangular growth seats of gahnite crystal face
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Fig. 4 Solid inclusions in gahnite
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a—red corroded sphalerite and brown-yellow granular zircon; b—red corroded sphalerite; ¢, d—granular zircon and its stress halo; e—hexagonal

colorless sheet muscovite; f—corroded quartz and columnar albite; g—corroded quartz and granular albite; h—twin-crystal albite
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Fig. 5 Fluid inclusions in gahnite

3.2 WERDHE BB A ALO, ZnO Fll FeO, F AR FITH
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Table 1 EPMA test and calculation results of Nigerian gahnite ( G01~ G08)

i GOl G02 G03 G04 GO05 G06 G07 G08
AR A (wy/ %)
AL 0, 55.13 56. 08 56.24 55.39 56. 88 55.29 55.27 55.85
Zn0O 40.95 40.39 40. 18 41.26 39.37 40. 46 40. 37 39.95
FeO 2.39 2.25 2.33 2.23 2.22 2.31 2.23 2.79
Na, 0 1.33 1.10 1.29 1.34 1.34 1.24 1.44 1.27
MgO 0.05 0.04 0.04 0.06 0.08 0.04 0.05 0.09
Co0 0. 00 0.02 0. 00 0.02 0.03 0.00 0.01 0.02
MnO 0.05 0.01 0.01 0.07 0.02 0.07 0.01 0.10
Cr,0, 0.03 0.00 0.02 0.05 0.06 0.01 0. 00 0.03
CuO 0. 00 0.00 0. 00 0.00 0.05 0.00 0.04 0.00
Sio, 0.03 0.05 0.05 0.06 0.06 0.03 0.02 0.05
K,0 0. 00 0.00 0. 00 0.03 0.02 0.00 0.01 0.02
Ca0 0. 00 0.00 0.02 0.03 0. 00 0.01 0.02 0.00
sy 99. 96 99.94 100. 16 100. 53 100. 11 99. 46 99.46 100. 16
e
7n 0.920 0.901 0. 894 0.922 0.872 0.911 0. 909 0. 891
Fe* 0.061 0.057 0.059 0. 057 0.056 0.059 0.057 0.071
Mg 0.002 0.002 0.002 0.003 0. 004 0.002 0.002 0. 004
Mn 0. 001 0. 000 0. 000 0. 002 0. 000 0. 002 0. 000 0.003
A G 0.985 0. 960 0.955 0.983 0.931 0.973 0. 968 0.968
Al 1.982 2.003 2.002 1.980 2.015 1.992 1.991 1.993
MR B A 1.982 2.003 2.002 1.980 2.015 1.992 1.991 1.993
Vi 57 (/%)
BEIRAT (ZnAlL,0,) 93.45 93.85 93. 62 93. 80 93.57 93.58 93. 87 92. 00
BRI A1 (FeAl,0,) 6.21 5.94 6.16 5.76 5.99 6.08 5.90 7.31
SRR (MgAL, 0,) 0.23 0.17 0.20 0.27 0.39 0.16 0.21 0.42

AR A (MnAlLO,) 0.12 0.03 0.02 0.18 0.04 0.18 0.02 0.27
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i, N Zn g 57-0.92) F€(0.06-0.07) A1(1,98~2.01) 0,0
ZnAl,0, %t B3 % 5N 92. 00% ~ 93. 87%, J& T4 4l
MIEEIS B AT, B AN 5. 94% ~ 7. 31% 1Y FeAl,O,
0.17% ~ 0. 42% ") MgAL,0, 1 0. 02% ~ 0. 27% 1)
MnALO,
3.3 mikEEHEHE

HEAE A B B 7ELR b A0 Z548 Hh 43 A5 i HAA
B, G IARFESE (e LR T AL B =BT
I Ep) I a5 H (AL B) M (A,B,) O, TE Ik
FEAR A G5 53 N IEAR A B A A Y ) R TR
G, IERMABE T A S N s S, M
LB PR 1 U6 ROAR S A B T AL 5 gl = A
FHES 7 (54, M A2 s e 1A i 1A =B s
F 595 (Bosi et al. , 2012, 2019) ., —fBilH, BT
Zn®* Xof PUTMAAL £ )3 200 2 R ) ( O'Neill and Dol-
lase, 1994; Popovic et al., 2009; Ardit et al.
2012) ,Zn™ fHE M S B8 T A28, BER A AR IER
inAT, JEIEFSE (Halenius et al. , 2010) HIESEEESR
AT Zn® R AL BHES 43 50 HAE T L 50R ML,
L AETE RIS P B BB 0

SRIHELA X SHATEHC JE H RN A4 it A
e A7 A S R R, X 55 28 iy 56 B0t R 18 2 40
DL 2 KEEHF S ER (i) HH AT S50 5 1 22 1)
ZMGT I EITE, R T LM F F) B,
wR2 FETGREE F? 50, R (int) BU{EBUN (0. 01
~0.05) , 2= B SR S e A 5 7 S 015 22 1 R N
G T AR — RN SRS 18t IE R 250 )5, R1
{E/NF 0. 05,wR2 fH/NF 0. 15, R {E#/N , AL
JT AR AR 5 48] 2 TE A 1), o 3R W A0 S 45080 1) Jo o
W o TN, MARAE 7 A TS H A IER, 50 E
(EEEE T 1B/, 2003) , B X STk A B
e A RER i A Al AR ZE G DLIET 6
3.4 SRR SHIEFE

R RE G EIR At AT T DG W S0 X B A
DT 3 14 52 M 2 0 e R AR S T e X T
PEATIE, AR GO1~ GOS8 FUH S i & WK 7,

AL ST RER T AR SRRy A +E,
+3T,,+5T,,+T  +2A, +2E +2T, , HH A +E +3T,,
g 5 RS PR S AL, ST, B A £ T
( Hofmeister and Chopelas, 1991) . J& H F P 2E2R &
AR IERL 2 %06 s 1 AR S A AH 5 R RL S MR
AP 4, RS EA IR 418 1659 em™ HFIE
Br S IE Jh )R TR B BT, B 54

R2 BRBAN X SERTHEENEESH

Table 2 X-ray diffraction data and refinement parameters

of Gahnite
S8 %
X AT I
FEAR R SF/mm 0. 120 x 0. 100 x 0. 080
e zY o5 Zng yoFe; ¢9Alj505,
i 1 452.752
LHEN ST AR R
A Fd3m
a=8.089(2) , a=90°
minsEy A 5=8.089(2), B=90°
¢=8.089(2), y=90°
AR A 529.2(5)
WHE /g« om 4.554
C AT TR e Rt Z=1
DU i A G/ A T—0=1.953(4)
JUHIAAE K/ A M—O0=1.9129(19)
T—U,,/A*x10? 4(1)
M—U,,/A*x10’ 4(1)
M—U,/A?x10° 1(1)
0—U,,7A*x10° 4(1)
0-—U,,/A?x10° 0(1)
HIEZ5
VG TREN | 8°<20<72°
/K 296(2)
iR A Mo-Ka; 0.710 73
Wl AR/ mm ! 9.031
SR EER T F (000) = 698
-12<h<9
HREGE R -5<k<9
-13<I<3
FERELE /€ 420
W ISR IE 5 1 A2 SN W I T
SRR T BT PN TR
Bt /Bl S8 83/0/7
Gk R(int)=0.035 6
AR Goof=1. 452
2288 R1=0.0352
PIENEL wR2 = 0.089 8
HIESEL Jo5 I A
XS/ e - A° 0.655; —1.490

7E 198,509 em™ if EAFTE/NGE , 7308 TARM T,
AR T,, o, B, ZnALO, MHL 6% H, Zn™ £
AR TFAET 250 em™ ' WAEAAHE 43, & T 250 em™!
BRI FE 2 0 F1 AL B, H O B STk KT
Al( Lopez-Moreno et al. , 2011) ,#§ & 418 659 cm™
AT 2 IR R [ ALO ] /N IHIHA Y Al—O 25 il 9k 5))
S5, AR AT BRFE R 2 3 0 | T AR A B AR
SO ST HERR

i3t 5 RRUFF FrifEcds e iy He s, il FH =0t
T AR AT T A S (EI8) L BN JE H R



34

WRIOT 45 JE B RINEBEIR A7 B A0 1 )25 S A AR 5 625

’ AN S
' P

K6 BEIARA AR IALE Y
Fig. 6 Crystal structure of gahnite
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a—ball-and-stick model; b—polyhedral model; the outline of the cube cell is black
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Fig. 7 Raman spectra of gahnite
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PER AT ERT AN KA. A
B A8 gk A B A REES A

N AL AR (] 8a) /R T INEFW 1Y 2 Fi il
TSGR AR B ) G350 (LO ) FIAE 6] 64 ( TO ) KX,
(BI85, 2017) (W47 351 298 em™) , MK A4
FR(E 8b) on T A 1N E T 55 2 R PR 50
5 EA%IESN (160 ~400 em™) .0—Si—O0 25 {i I 3h Fn
Tl B DU TS 25 ) 41 2 () R i r 2 0 (4% 2022)
(U4 162,186,209 252 270 290 329 480 508 . 764 .
818.1 101 em™') , TR (E 8c) B TH=
BES A IR 3l B2 PH B T 2845 K (<600 em™ ) | 5
Si—O0,,—Si i A& A 5 (600~800 em™ ) Y
FRAE T 0 (EIBUESE, 2006) (WEfL: 267,706
em™") , AP 8d) s T A% D3 R 3A,

+2F HIHRIERL S 0 ( Fridrichova et al. |, 2016) (WA,
131 209 267 358 467 cm '), A A AL A (] 8e)
WRT A Al—0 ZHiHRE) (310~330 em™ ) AI—O
IS (380 ~410 em™') ,0—Be—0 25 RS (520~
560 cm™') | Si—O0—Si A8 JE ¥k 5 (684 ~ 686 cm™' ) |
Be—O XFRINZEHES (1 008~1 010 em ™) \Si—O {1
PRI (1 061 ~1 070 em™ ) AYRFAE$7 2 06 (A7 .,
2015) (W&f7, 322 397 .686.1 014 .1 073 em '), £
AR R (K 8F) W 1 85 A1 AR f A 173l 5% 3
U (200~225 em™ ) I S P T (9 P9 3B 4R 21 04 (
FINEE | 2015) (WA, 206,220,229 361 445 834 981,
1015 em™) A IA Sy m A0 £, mEBE A AR (A
8g) /R THEBA Y Si—O (45 (430~576 cm ™) il
Be—O X} FK i 4 ¥k 3 1) HF¢ {F $7 S 1% (Jehlicka
et al. , 2012) (IEH7; 539 880 ecm ™),

X PR AH I A B AR A TR 2 615 40 B (1] 8h)
TROAH 3B 43 B L A AP K (3 400 em ™t Ab Y TR i
) AT AR DURRIE T 2 0

4 BAHVHE

ASCHESERY JE HFINERESR A7 2y 92, 00%
~93. 87% ) ZnAl,0, LR, s 58335 ik 5331
H5.94% ~ 7. 31% ) FeAl,0,.0. 17% ~ 0. 42% ¥
MgAl, O, , 57 A (Hain and Sun, 2019; Stephan et al. ,
2022) FFTE MR FE AW &, HRAEXT Zn-Mg-Fe ¥ b 5
R fmAr RS HEAEHLEI Y4 53 (Spry and Scott, 19865
Heimann et al. , 2005) (1 9) ,J& H R VAE5 54 A 1Y
A7 L3 X 10 T AE B A Al B BT R
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Inclusions in gahnite and their Raman spectra

a—[REE IR, b—BI K AR, c— A RHIERE, d—ARERK,; e—SiE ARk, I—

B AT

e—REBA A, h—TR R ik

a—sphalerite inclusions; b—albite inclusions; c—muscovite inclusions; d—quartz inclusions; e—beryl inclusions;

f—zircon inclusions; g—

phenacite inclusions; h—fluid inclusions
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Fig. 9 Composition and symbiosis mechanism of Zn-Mg-Fe
end-member aluminum spinel (after Heimann et al. , 2005)
I—RBE; 2— B BTHOIRER AL 907 PR 22 e 47 P i Mg-Ca-Al
AR ;. 3—Fe- Al ZE BUIUBUA R BUK L P 22 BT R BR 16 )
WK 4—ZBUR 185 S—ERfE S ; 6—REKMMAR R &

Fe-Al (ZZ BTULAVE VR BUK LA T— w8 SRR

I—marbles; 2—metamorphosed massive sulfide deposits and S-poor
rocks in Mg-Ca-Al alteration zones; 3—metamorphosed massive sulfide
deposits in Fe-Al metasedimentary and metavolcanic rocks; 4-—me-
tabauxites ; 5—granitic pegmatites; 6—unaltered and hydrothermally
altered Fe-Al-rich metasedimentary and metavolcanic rocks; 7—Al-

rich granulites

BEDQ A 38 A AT AR A R A T A
#ti ( Barthelmy, 2012) , I LRI &9 T 2012 88 &
TR B K L s B HCRBR ALY (VHMS) 87K | A8 5
DU (SEDEX) 7K | & SR UL B | R IA Fl
e i, XAE FTREE TR EEIR ff A1 A TE BRI 9
% (Wehrle et al. , 2020; Baswani et al. , 2022) ,IA
KR T R A A AR ) 5 R A R RO, TN
BER SR A 25 A R AR S b A K & B R b B s
BEal A K o i S N 4, HL DL o R
BEIR fit A i 13 1) B A BRI A E L (ZnALL 0, FBE
IRERBINT 90%) , AR SEE 14 JE H R EEDR &
AT TE ATE XA s B B (B9 R AR
X)), H ZnALO, FE/R & w34 T 92% , He H R
BEDR b AT 1R T PR35 X6 1 1 A6 B 5 b, i A AR B
WK,

JE HFE A Wamba M IX A5 & 7 04 1% 4
555+5 Ma( B 2545 2022) , VA8 T % IX — &5
HRIM A & L, R A R e AR R

B KB A, FEAR A 17 . Jemaa B T
A AR

BEIS At A U T BT AR A 45 22 b 1 A b A3
97 (Szuszkiewicz and Eobos, 2004; Soares et al. ,
2007; Heimann et al., 2015; Faulstich et al.
2016) , H:A PR ZE Comechingones £ i & DX BT 7= s
B, A TN, B A ARG
¥, Hodiw B3N ZnAL,0,(75.9% ~86. 6% ) , i A%
TIE HANEAF R A1, W 5 H = B A5 BURHS
A (Heimann et al. , 2015)

Heimann %5 (2015 ) B 55 48 i Bl AR 4 Comechin-
gones b A X A1 JE H AV Jemaa 5 & 7 X & FLAY
PERMAMT EA A% LCT BALK &, RIS Li,
Cs Rb Be fill Ta 55702 HAK Nb/Ta fELA 0 (£
SCHLAE, 2022) o BER AR TP SR, AT
TERLRE AL AT Y Zn B BRR i A1 78 AL B £ e
theddn Rl SR KA Hat BRA A
WA i B RS A R R A
BEWT (Jackson, 1982; Aernyand Hawthorne, 1982;
Szuszkiewicz and Lobos, 2004 ; Soares et al. , 2007)
X 5A e HFNEAFAR A A AR W) 245 5
TEREA 3, AEARAT LI ey ) 1 i 3145 Je
H R ERR b A B T B 5 VR R R IR A AR A
it (Hain and Sun, 2019) . EAERI A, SRR
ARINBED 2 EE DSR4, B AR S &2 1
WS B G PE LA K Zn AT AL By ] FHAPERE ] BT AT
RETE & & B AL W 09 5 it A b 1, TR A A
TEBIRAL Y 1 15 b 5 1 1 I 1L ( Aerny and Haw-
thorne, 1982) . B2 4E Comechingones ffi it 7+ X A
G Y (Heimann et al. , 2015) , K&K A1k 2F
PEBT S BOE 8 T BRI S A B9 45 &, e H R EEAR
fn A0 P IR R AL AR Y H IR AT AR ORI T
It O 2 A A

(1) J& HFDIEAELR A 11 i A 52 58 e A /T AR
i BRI SCIE B A X 4. 48 ~4. 61,97
BI31.792~ 1. 794, AN HCHT T o tE . BLE Ot
TS BTN T BE AR A A )RR AE 7 B 3 T 418
659 cm™', ArHIRTRL B, AR S T, o) A

(2) Je HADEAERR A 43R Zn g g0 o)
Fe .06-0.0m Al (1 g2 o1y O » EEEHT 92.00% ~93. 87% K



628 b=

fi 7 W o R OE

5 43 4

ZnAl,0, F15.94% ~7.31%1%) FeAl,0, 20 %, BA 57

JrERER 2 RE Fd3m, S8 a=8.089(2) A, IU
MRS T—0=1.953(4) A, /\Hi A4 K M—O0 =
1.9129(19)A,

(3) Je H AN BER A A & 2R ) 40 2
T IINER B At A SR B AR
REBE A, WA WA G 5ok A ALK S i B
A P G REEEA— 3,

(4) Je HFINEAERIR A 0 8 P 45 32 Hh a3 s
i U A 4 L s e R RS AN E L
Cs.Rb Be Fll Ta 250 & B AL 5 £ db o, T IN B0 61
FEART REFE 7 Y BT 5 o S IR AR
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