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Abstract ! Terahertz time-domain spectroscopy offers advantages in mineral identification, rapid quantitative analysis, and high sensitivity. In this study, petrographic observation and terahertz time-

domain spectroscopic analysis were conducted on typical ores, together with their ore minerals and gangue minerals, from the Dawusunangou iron deposit in northern Hebei, North China Craton.
The results show that different types of ores exhibit distinct differences in the terahertz band. Compared with Fe-P ores, V-Ti magnetite ores show more pronounced amplitude attenuation, time delay,
and strong absorption characteristics. Magnetite, chlorite, plagioclase, and pyrite exhibit different spectral characteristics in absorption coefficient and refractive index in the terahertz band, and these
differences are mainly controlled by mineral structure and content. The absorption coefficient of magnetite is significantly positively correlated with Fe content; the absorption coefficient and

refractive index of chlorite increase with increasing chlorite content; the absorption coefficient of plagioclase is affected by coexisting mineral assemblages; and pyrite is characterized by a high
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refractive index, relatively low absorption coefficient, and strong amplitude intensity. The results indicate that terahertz time-domain spectroscopy can effectively identify typical ores, together with

their ore minerals and gangue minerals, providing a new detection method for deep exploration and orebody delineation of iron deposits.

Keywords ¥ Terahertz time-domain spectroscopy; North China Craton; Vanadium-Titanium Magnetite ¥ Exploration Technology
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Fig.1 Regional geological map of the Dawusunangou iron deposit area (modified after Zhao et al., 2005; Li et al., 2019)
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Fig.2 Specimen photographs of iron ore from the Dawusunangou iron deposit
(a) Gabbro—syenite type iron—phosphorus ore;(b) Olivine gabbro type vanadium—titanium magnetite ore;
(c) Olivine syenite type vanadium-titanium magnetite ore;(d) Pyroxenite type vanadium—titanium magnetite ore;

(e) Gabbro—syenite type vanadium—titanium magnetite ore;(f) Gabbro type iron—phosphorus ore
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Fig.3 Microphotographs of gabbro—monzonite-type iron—phosphorus ore and olivine gabbro-type vanadium—titanium magnetite
(a) Magnetite and ilmenite occur in a lattice-like intergrowth;(b) Magnetite encloses pyrite;
(c) Amphibole is replaced by magnetite, forming a pseudomorph;(d) Amphibole is olivinized;
Mag — Magnetite;[lm — [lmenite;Py — Pyrite;Pn — Pentlandite;P1 — Plagioclase;Amp — Amphibole;Ol — Olivine;Ap — Apatite
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Fig.4 Microphotographs of olivine monzonite-type vanadium—titanium magnetite, pyroxenite-type vanadium-titanium magnetite,
gabbro—monzonite-type vanadium—titanium magnetite, and gabbro-type iron—phosphorus ore.
(a) llmenite grows along the cleavage of magnetite;(b) Ilmenite shows a pseudomorphic intergrowth with magnetite;
(c) llmenite occurs parallel to the cleavage planes;(d) Pentlandite is enclosed within pyrite;
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Fig.5 Cross-section of resource/reserve estimation along exploration line No. 3, Dawusunangou iron deposit
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Fig.6 Rock thin sections
(a) Gabbro-syenite type iron—phosphorus ore;(b) Olivine gabbro type vanadium-titanium magnetite ore;
(c) Olivine syenite type vanadium-titanium magnetite ore;(d) Pyroxenite type vanadium-—titanium magnetite ore;

(e) Gabbro—syenite type vanadium—titanium magnetite ore;(f) Gabbro type iron—phosphorus ore
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Fig.7 Schematic diagram of the working principle of terahertz time-domain spectroscopy (modified after Zhang et al., 2024b)

4 KW 2G5

4.1 HASRA

X KA TR VAR RAS [ 5 o AR T R R 24 I 38061 NS, B R I KA TR M
K VBB SR K e B ARG o 75 R 24 I 806 0 A b v, B AR 1E 0-12 ps 10 Bl Y 4R T
BSEGETYHLER (K 8a). HE—Batikil, MR TS RSB, Mg S BB
HERRA M5 S B IR E I, HARMESRE WA R PR (B 8a,b). TERBRZEMBOGIE+, SREy h i &
L s PR IR SR R, AR AR ORI 5 B2 DU AR LR . S I IO HEARXS B, AR St
ek SN S HE SRR, B RIE R BT 25 L1 RE .

FESR—IRS R, R s AT R SR B AR 1 I 2 R e B BT, R
WAe sz . £ 0.8 | 1.3 THz MITE A, W REBEIRSEDOE RS ETb, JFAE 1.2 THz 2o I BIgfE . 3L
W, WK TR BT AR TR WA R BTE AT R 38 N B TR 5K BRI WAk, H7E 0.8 THz
JEHE BTt £E 0.8 THz I, MK IS BB I R BN 63.1 em!, BB K 8 BURBR AR IR
FECN 55.5 em!, WERKE BB R TR R R 54.9 em™ AT 58.2 em!e TAIFE 1.2 THz B, A[RIE
WEERT RN R E S B, MK A BB 85.4 cm™!, MMM A BYBUER IR 69.5 em™!,
A R RGN 118.0 cm™ F1 83.2 em™! (1] 8¢). TEATR—HT i K, 7E 0.2-1.3 THz JuE W,
156 BRI A A B IG INAE B BRA, FTi R AR AN . R IRCE RV (2.67) FIMEKE ALk
W HESRE™ (2,66, 2.44) [T 3B, MIMNE A A BRI (2.79) BAMXE % (&
8d).

4.2 5RA



XK T3 B VA A RS [R5 M R S e R R 26 I 38061t BB R DR s Bk 5 %
A BIPERREER o SSRGS T R, S5S%E 5 M, HIREHEAAELER (B 9a) . H
o, MK TR K S TR T SR A R M5 B IR IR I N R, H LR IR 5 B AR g T o AL
R B R (B 9b) o WRUSCRECNIT i 28R 0, A Skie A RIS SR B a2 3 i 38, ELAEAH
FIARE T, 2Ref Sl 5RIRIE FMHXK R, FN, HAFGHAERRES, BEAKE Y6
WA R B E B AR X [R) SR IR BRI LT3, 7E 0.65 THz 5 1.0 THz /4 3P MRFAE RS04
WU REGERAGE Y 8.57 em!, £ 0.65 THz IHBIA 25— AN R EIE(H 72.3 em™, % 1.0 THz A AEHIHE
AMEE 107.0cm™ (B 9¢). MHLLZ R, WA A PURBL WU R 5 ETHECP 22, R iR aa B
8.16 cm™, 7E 1.20 THz 247 "W R BL—/NMRFAEM IS0, &M 60.3 eon!e #1305,  BSRBEA
FIGIN, A FERLRe A BT 2R 2 AR, RSB RR aRA E s, HAT e i
(B 9d).

10.0 T 0.06
sl 0.4 (a) 0.05 |- (b)
0.2
6.0
—~ 0.0 _0.04
> 40} E
E 0.2 s
~ 20 4 @ 0.03
£ 78 9 10 11 12 3
3 0o o =
= 2002
E 20r ——24DWS0244 | €
5l ——— 24DWS06-1
— 24DW824-2-1 0.01
-6.0 | — 24DWS24.2-2

—— Reference %
- ‘ . . . g =

0 20 4.0 6.0 8.0 10.0 12.0 01 02 0.4 06 0.8 10 12 13

Times(ps) Frequency(THz)
150
~ (c)
£
2
100 5
@
e E
g 2
o k]
= o
o
(7]
o
<
0 ‘ . . . . . 23 . A ‘ . ‘ .
0.1 02 0.4 0.6 0.8 1.0 12 13 01 02 0.4 0.6 0.8 1.0 12 1.3
Frequency(THz) Frequency(THz)
B8 Hiskn”

(a): I I — 4RI 1S 55 (b): AT — R S i 1 (o) A2 — MR S0 R B itk 11 (d) A e — 4 B 2o 1
Fig.8 Magnetite
(a): Time-domain amplitude Spectrum;(b): Frequency-domain amplitude spectrum;

(c): Frequency-absorption coefficient spectrum;(d): Frequency-refractive index spectrum
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(a): Time-domain amplitude Spectrum;(b): Frequency-domain amplitude spectrum;

(c): Frequency-absorption coefficient spectrum;(d): Frequency-refractive index spectrum
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(a): Time-domain amplitude Spectrum;(b): Frequency-domain amplitude spectrum;



(c): Frequency-absorption coefficient spectrum;(d): Frequency-refractive index spectrum
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Fig.12 Whole-rock iron ore

(a):Time-domain amplitude Spectrum;(b):Frequency-domain amplitude spectrum;

(c):Frequency-absorption coefficient spectrum;(d): Frequency-refractive index spectrum
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