¥R # R

19854¢ MINERAL DEPOSITS Hak waolly

FE W5 K HSa BEFHR"

YWa Pl MEL
(RETEFRR T T PETI 4D

VSR ET LR sy i, EERURERRXER, mMAHBTH
KARTEEEHANERAREY HHRE. Bk, 7HE2ERTV D EHAHWERN
B, EEYULRAGERHERM, ISR TENEHLAGET T RENE TV WEUR,
A—AREE I EE R RO RE R, £ICAELREGERERFERAE R, B
%56 (UV) —TIR (VIS) —2L5h (AR RWOEHEAM LT BRI MR RRE K 2 8
AR RAE. HERE THIEAARBT X,

1. KT A-meHRRT K. AHBRHRSA-ARA S BAIRMNSA-5 BAds,
KAtk 2 RkER,

2. Hkill, RAWERAEXHAKREY K. SA-0E-K A A&, K&k 25 R
e

3. GRABMFRWAEHI K. AHBRMBEA-AE-LALAE BARKABL-A
E-HiftA s, EEAESRRSEERA R

4, EREREREREHURABT R, BASENHNERAE.

HBAM SnO) WZEABEADL—Pu/mnm,z=2, BN BIRF L AN ALK (SnOq)
ATEARELAL, JFEERMRE RS, LURRPERAIEFNIS, EMSCHMF0° R

£ 1 TEAEREBEHLENS (%)

ﬁﬁ-%- Sno-‘) FeQ FCan szOs TazOs SiOz WO:: Ti02 V02 ih #:

Da 97.42 0,01 0.26

Ds 98.75 | 0.08 0.06 | 0.0047 | 0.0033 | 0.07 0.041 | 0.21 KITBA-1

Dc 98.43 | 0.08 0.04 | 0.0012 | 0.0049 | 0.33 0.085 | 0.36 L RIET IR

Dp 99,06 | 0.06 0.41 Y 0.0055 | 0.17 0.12 0.37

Yaaz 99.40 0,172 | 0.043 |0 0.043 | 0.06 0 0 mEEBEEMAH X
Y38 99.46 0.172 ] ¢ 0 0.021 | o0.11 0.033 0 0k 1N

Xe 97.35 | 0.17 0.82 | 0.023 | 0.0067 | 0.56 0.18 0.89 A klkek
Xp 98.50 | 0.08 0.64 | 0.0099 | 0.0085 | 0.33 0.15 0.78 RBT R

Py 93.44 0.27 | 0.78 0.68 0.32 0.19 0,684 0 RAERE., 85
N, 98.43 0.60 [ 0.043 | 0.012 0 0.07 1.0 0 BT

O hENERMNEESRHRE,



70

oK B B’ 19854

G#piE . S L TRAESENMEENAEE Sn0d §, KRBEXFRHA Do BEHLER
8, Boxmo (1971) MBIFERWABFERULAFMARER 7 £ F 8 Ak, #5502
Fe'r, Nb™*, Ta S HBMARLEFH S,

AR RRESARERRY ST REL, B3R 1N K085 A & A FeO,
Ta,0s. Nb,Os, WOs, TiO,, SiOFfH. Hodk, A A PEFe &ifi, K™ HAK
2y ZRBATHRENE RABAEND, Tagkll, ZRFHAANDAETa (HER TR
WFEEZ5D) , HEF AT HAERAND, Ta, MHARREREHEEHHEHELIEES Fe
MR ERERAR, HKRENb, Ta HREX. REABAAUENH S M. PHLEHTR
T, REEATXBEHRELHURE, THEBSEH, ARGERELR. XRBTER
FHELZXGCTRRNGS, RRYNEHERL, AETRESARESANEL.

FIRAE M I (300—800nm) FNLLHP4JIEEH (4000—200Cm™1) %t oF [ AL
HRBE AR LI —T R —2L5MR BB R E RS In T .

—. FNR M
RIBR R A RTH G EINRYOE R, BMBEHRICGLEF 8 W (Eg) 2T
H310—410nmide (O EHNEM, HHALTEg BRERAE 4—3.20V(Eg=—12:1

A () eV)W
T EHBARBRERRESE ARBANET RS GaRBAEAENE. bRk B RS

D ——
~—

Yse

B 1 K7 (2 MBEE ) BEREIMEKE

Fig. 1. Ultraviolet absorption spectrum of

B 2 SAHEIMEREKOLE

Fig. 2. Ultraviolet polarized absorption

cassiterite from Dachang(a)and Yunlong(b), spectrum of cassiterite.
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A SPECTROSCOPIC STUDY OF CASSITERITES FROM
FOUR TYPES OF TIN DEPOSITS IN CHINA

Peng Mingsheng, Zheng Chusheng, Lu Wenhua and Zou Zhenguang

(Research Group of Quantum Mineralogy, Department of Geology, Central South

Institute of Mining and Mezallurgy)

Abstract

Spectroscopic study on the genesis of cassiterite is a new aspect of
modern genetic mineralogy and is of absolute importance in quantum minera-
logy. Based upon the crystal field theory and the energy band theory, this
article dedls with the spectra and geneses of cassiterites of different origins
by means of absorption spectra (AS), electron paramagnetic resonance spectra

(EPR) and infrared spectra (IR). Following are some results obtained.

1. Cassiterite is a semi-conductive mineral with wide energy gap.Isomorphic
substitution of Nb®*, Ta®* and Fe®* ions increases the donor level or acceptor
level and thus deepens its color and decreases Eg. High temperature is more
favorable for heterovalent isomorphic substitution of Nb%*, Ta’* and Fe®* for
Sn**, Therefore, in the same deposit, early-formed cassiterite is darker than
late-formed one, and Eg (late Eg) is greater than Ege (early Eg). For exam-
ple in Danchang, cassiterite of the A association is darker than that of the B
association, and from early to late stages, the cassiterite changes from black
brown through brown and light brown to colorless, accompanied by a gradual
increase in Eg.

2. Heat-treatment, X-ray radiation and EPR spectra of cassiterite of
different geneses show that there exists a color center in this mineral. The
authors comsider that this color center is predominantly caused by isomorphic
substitution of heterovalent ions.If Sn** is replaced only by Fe®*, as in Da-
chang, hole center is likely to formed, if Sn'* is replaced by Nb°* and/or Ta®*,
as in Limu, electron center (F-center) is expected to be produced.

Besides, color center can possibly result from vacancies of anions or cations
during crystallization caused by the pulsation of mineralization. Ring structure
is commonly seen in cassiterite and its AP spectra and EPR spectra indicate
the presence of color center, with each color of the ring representing a pulsa-
tion structure.

3.In the case of color center resulting from heterovalent isomorphic
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substitution, electron center is probably to occur in acidic media, while hole
center in alkaline media.

4. According to group theory analysis of IR absorption band in the spec-
trum of cassiterite, only four IR active vibration frequencies are seen,i.e.,
A, +3Ey of more than 100IR spectra of cassiterites from four deposits show
that the positions of the IR spectra are only slightly changed as a whole,
but their shapes and intensities can supply some information on the crystal
structure,as well as the composition and the origin of cassiterite.According to the
change in the intensity and the shape of the IR spectra, the authors classify
the IR spectra into three types: standard (Type I), deformed (Type II) and
distorted spectra (Tpe III).

Type I spectra are from pure SnO, (mostly synthetic cassiterite with very
few natural one) formed at comparatively low temperature; Type II spectra,
mainly related to the substitution of Fe®* for Sn'*, are independent of the
variations in such factors as the content of Fe, color and temperatture. The
hydrothermal cassiterite-sulfide deposit and the contact metasomatic deposit
serve as examples of this type; Type IIT is mainly related to the substitution
of Ta®*, Nb**, or Ta’* and/or Nb®* plus Fe** for Sn‘*.Its IR spectra vary in
accordance with the Ta’*, Nb®* and Fe®* contents, the color and the temper-
ature. Nb-, Ta-, Fe-bearing cassiterite oxides, such as Nb-, Ta-~ bearing grani-
tes, pegmatites and W, Sn quartz veins, belong to this type. Moreover, more
absorption bands of OH or H,O are seen in the Type III than in the Type II.

In some areas, both Type II and III can sometimes be seen in the same
sample. Late stage cassiterite-sulfides in the Yunlong tin deposit, for instance,
are superposed on the cassiterite oxides formed in the early stage.

The mono-vibration of v, (A;) corresponds to the asymmetric stretching
vibration along c-axis of Sn**and O? . The spectral shape of the », absorption
band obviously changes with the increase in temperature and contents of Nb
and Ta. Thus, direct information on the crystal chemistry and the genesis of

cassiterite can be obtained from v,.



