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Fig. 1  Geological section No. 61 across Makeng iron deposi
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Fig.2 Spectral characteristics of typical altered minerals in Makeng iron deposit
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Fig.3 Photomicrographs of typical minerals in Makeng iron deposit'*’

AR B AT G T o3 A A 32 B PR
SSACHBUCEE P, EL b A2 6 4y il 3 3t 1 338 il IR
WL AR IR A B BOE A 41 S5
LG s TEREI S KB R E B BOR U N A (R4
A FIBHEE A1 S5 87 ), 1% B Bt e 2 2 B AL B B

PR PE O SR B TE BB S U AR PRI Hh
[ S48 7 A AN [ i B2 1) L 3 8 ity , A T4
S A EIE VR R T T B Y b e I A ik
FELE R h , NI AN R R B ) 2 5 o BV
K XL A DR B - REDAMDERAR BB,

— 939 —



iy

HoOw
6
5064 http: // www. ykes. ac. en

et

2020 4

AL S B (Y B A ) — B IR R B B, 5 M 41 L 2 T8
A A AR RS ) BB e 1 R
HHUZAN(E 4) o DHUERE™ 1 AT 1) 731 W A2
WRE S A B, 0 WA A FF 5 i
e Ry 7R NP ) = e U S i SRl 7 N

4 5

A FHLLAN SRR PRI T S ek
AR YDCIERHE, HEE T BYUERE 1 R )
PABCEH AL . S0 7E 25 (8] | 52 B T 6 e 4
P, AN AR B 3 A1 R 52 B TE A AR
SARIOE R . AT AT + WA ISR AL IR
A o SRR E R T A
M Rt B ) AR A T s 25 5 PR SRR HE
TR S BB P R Ry R BT IR

L — PRELAMDGIE M B R TR PRt HE Rt il
B A ARG P A RERR SR IR R AR R IREL S,
TR AN B (6000 ~ 14500nm ) 7] LR 5 %
VLR RE G CKAT ATE AT AR A7 B A1
S5 R FZE AT LLYER NE VA1 A
AR5 BT AL Y SC R, DT AT LAPR

Rl S 07, D S BT R ) 23 L R
e SO IR B ATk

Bt eI R R L AR P AR R T AR
HFCEOR PG BKEA AR TBAF TREIR AT B BY , 18 SCH
G e A3 2] 7 B R R (dE s R R
TG MR A X A2 2 I =, 1 6 1 e % K0
ARSCER I TV Z BRI, TR I — IR R g !

5 ZE

(1] BN, MROCHT, SR, &5 W E® R EH IR M].
Jeat 5 kL, 2012.
Zhao Y M, Lin W W, Bi C S, et al. Skarn deposit of
China[ M]. Beijing ; Geological Publishing House ,2012.

(2] 5KE, KR AREE SYTE (5 07 KRS R 5 0 1)~
fik K o3 4 BF 58 [ ] & A1 2 4iE, 2014, 30 (5) -
1339 - 1354.
Zhang 7, Zhang C S. Skarn mineral characteristics and
zonation of the Makeng Fe — Mo deposit in Fujian
Province [ J ]. Acta Petrologica Sinica, 2014,30 (5):
1339 - 1354.

(3] 2k, fihE 0 £ 0k, 55, SYTEREY R 2 & 8 0 il

A He Al (%) AT P Al (%)
7ZK614 VK] 0 40 80
1= = TR A+ e+ SR
o= LR AT R AT s
#} = AR 2\l — 240 .
lI 1 ]1 il2re
it AL
- o 320F 320
11 I 11 KA
e T BRH
[ va I 4
[TT : - 400 st 400 BEE= s b+ (R £+
ﬁ T }I i 14 . [— — %Eiﬁﬁ’ffﬁ R ﬁ%ﬁJr%ﬁ;ﬁ ?ﬁﬁ
T 1 g — g X FL i
1 - . Y ot
TR £
— o % 480 i% 480
1 T1 o — =
| N =
[ : [ ﬁ ﬁ
1‘1 560 560
PSLFR S ——
I
|-
1 .
T - 640 | /E§f£+ﬁ 640
Yo g - - L .
i L e - T+ DR A+ A
AR B o AR R
75 b T = = e
o e 720 | e 720 4112 B
i R AT K AT VEA -+ 2 £

Pl4  ILHLEkR™ ZK614 BhfLIANELA SR RN LLAM D" 4y — o kiR 1]

Fig.4 Column charts of the relative contents of altered minerals analyzed by short — wave infrared and thermal infrared reflection

technique as well as these corresponding lithology categories in drill ZK614, from Makeng iron deposit

— 940 —



6 4

WAES,SF . YU LA O LU ISR AE B AR SRR B

$39 &

(4]

(5]

(6]

(7]

(8]

(9]

DA AL B R PR S B[ T ] i e B~ 41, 2016,
22(3) 401 -412.

Li L,Ni P,Yang Y L,et al. A discussion on ore — forming
fluid evolution and genesis of Makeng Fe — Mo — Pb — Zn
polymetallic deposit [ J ]. Geological Journal of China
Universities ,2016,22(3) :401 —412.
BOKZE 5Kik, R [, 45 iR 2 X 5 Uk
JERE B AR T 10 [T ] MR ——r [ 3 i K2
4%,2012,37(6) ;1232 - 1242.

Di Y J,Zhang D, Wu G G,et al. Strata hosted Makeng
type iron deposits and prospecting orientation in the
Wuyishan covered region[ J]. Earth Science—Journal of
China University of Geosciences, 2012, 37 (6 ):
1232 - 1242.

AR, TKIE, Absai V, 8. f8 8 S KiE—E AL S
HuERAL 2 ARARAE R TR 3R AR S TR [T ]
HERL 2 ,2015,44(5) 450 - 468.

Wang S, Zhang D, Absai V, et al. Zircon U - Pb
geochronology , geochemistry and Hf isotope compositions
of the Dayang and Juzhou granites in Longyan, Fujian
and their geological implications[ J ]. Geochimica,2015,
44(5) :450 -468.

RO, SR AR, BT A, A TR LT A E AR A 1Y G
Z T S DX R o P A R SR AR 4 BE S LA ) o A
Pl —Hh 7 5 A A g (7], Hh 5 3@ 4Rk, 2018, 37
(2-3):446 -457.

Guo N,Shi W X, Huang Y R, et al. Alteration mapping
and prospecting model construction in the Tiegelongnan
ore deposit of the Duolong ore concentration area,
northern Tibet, based on shortwave infrared technique
[J]. Geological Bulletin of China, 2018,37 (2 -3):
446 —457.

XIES, B AL, A A AR IE LU AR PR L o A2 1Y
FIMPLL ARG A WSS [T ] 092 41, 2015,35(2)
221 -228.

Liu H, Ma Y, Ren H, et al. Short — wave infrared
wallrock alteration of the

spectroscopy study on

Tiemaoshan  porphyry molybdenum deposit,
Province, China [ J ]. Acta Mieralogica Sinica, 2015, 35
(2):221 -228.

Tappert M C, Rivard B, Giles D, et al. The mineral

Fujian

chemistry ,near — infrared, and mid — infrared reflectance
spectroscopy of phengite from the Olympic Dam 10CG
deposit, South Australial J]. Ore Geology Reviews,2013,
53.26 - 38.

Carrino T A,Crosta A P, Toledo C L B, et al. Unveiling
the hydrothermal mineralogy of the Chapi Chiara gold
Peru, through reflectance

prospect, spectroscopy,

(10]

(11]

(12]

[13]

[14]

[15]

[16]

geochemical and petrographic data [ J ]. Ore Geology
Reviews,2015,64 :299 -315.

Neal L C, Wilkinson J J, Mason P J, et al. Spectral

characteristics of propylitic alteration minerals as a
vectoring tool for porphyry copper deposits[ J]. Journal of
Geochemical Exploration,2018,184.179 —198.
Duuring P, Hassan L, Zelic M, et al. Geochemical and
spectral footprint of metamorphosed and deformed VMS
— style mineralization in the Quinns District, Yilgarn
Craton,, western Australia[ J]. Economic Geology,2016,
111.1411 - 1438.
Wang R, Cudahy T, Laukamp C,et al. White mica as a
hyperspectral tool in exploration for the Sunrise Dam and
Kanowna Belle gold deposits, western Australia [ J .
Economic Geology,2017,112(5) :1153 —1176.
WG RSP RR S5 BLIRAL MGG BORTE T
SR SR 0 A DX A e B 1 —— LA P R A X
HBILT]. W R ,2012,31(4) :699 - 717.
Yang Z M,Hou Z Q,Yang Z S, et al. Application of short
wavelength infrared (SWIR) technique in exploration of
poorly eroded porphyry Cu district;: A case study of
Niancun ore district, Tibet[ J ]. Mineral Deposits,2012,
31(4):699 -717.
TR, S0, S0P}, 2. kT RIP LD AN BB~
G R S8 A 1l A2 S0 A R AE RIS - LA 74
Wi e @ A E )] Hs S B, 2014,50 (6)
1137 - 1146.
Wang C W, Guo N, Guo K, et al. characteristics of the
chlorite alteration in the porphyry — skarn deposit based
on short — wave infrared technology: A case study of the
Jiama copper — polymetallic deposit in Tibet[ J]. Geology
and Exploration,2014,50(6) ;1137 - 1146.
SRUR, XM, 3%, 5. kTR P 2L AM AR 1 A2 47
WRRAIE Sz 38 5 4 R —— L 8 5 22 BT A 4 PR R 1)
[J]. W RHLST ,2018,37(3) :556 — 570.
Guo N, Liu D, Tang J X, et al. Characteristics of
alteration minerals and prospecting model revealed by
shortwave infrared technique: Take Sinongduo Ag — Pb -
Zn deposit as an example[ J]. Mineral Deposits,2018,37
(3) :556 -570.
VRl B, White N, 25, A8 586 (L™ [ P4 19 4 £H
B A AL ARAE J2 SWIR #)25 1 FIBFgE ()] 5K
Hi i ,2017,36(5) 1013 - 1038.
Xu C, Chen H Y, White N, et al. Alteration and
mineralization of Xinan Cu — Mo ore deposit in Zijinshan
orefield, Fujian Province, and application of short
wavelength infra — red technology (SWIR) to exploration
[J]. Mineral Deposits,2017,36(5) :1013 - 1038.

— 941 —



HoO

et

Hom http; // www. ykes. ac. cn 2020 4F
[17] S8, B — AL K008, 5. & — (IRBR fL v s AR IR PR Deposits,2013,32(2) :289 -307.

[18]

[19]

[20]

[21]

[22]

(23]

PRI P LT AN 499 73 A1 AL B FR B B TR —— DL 7Y
TR R (AR E B iR 20 IR I [T ]. ek
41 ,2017,38(5) . 767 - 778.

Guo N,Huang Y R,Zheng L, et al. Alteration zoning and
prospecting model of epithermal deposit revealed by
infrared  technique: A study  of

shortwave case

Tiegelongnan and Sinongduo deposits [ J ]. Acta
Geoscientica Sinica,2017,38(5) :767 —778.

PRARAR RO YT, 2 3L, 25 PREL A e S i R TE 5
$om b i L 2538 [J]. M BT % 4, 2020, 94 (8)
2520 -2533.

Dai J J, Zhao L X, Jiang Q, et al. Review of thermal —
infrared  spectroscopy applied in  geological ore
exploration[ J |. Acta Geoscientica Sinica,2020, 94(8) .
2520 -2533.

Burley L L, Barnes S J, Laukamp C, et al. Rapid
mineralogical and geochemical characterisation of the
Fisher East nickel sulphide prospects,western Australia,
using hyperspectral and pXRF data [ J]. Ore Geology
Reviews, http://dx. doi. org/10. 1016/]. oregeorev.
2017.04.032.

Lampinen H M, Laukamp C, Occhipinti S A, et al.
Mineral footprints of the paleoproterozoic sediment —
hosted Abra Pb — Zn — Cu deposit capricorn orogen,
western Australial J |. Ore Geology Reviews,2019,104;
436 —461.

Schodlok M C, Whitbourn L, Huntington J et al. Hylogger —
3,a visible to shortwave and thermal infrared reflectance
spectrometer system for drill core logging: Functional
description[ J |. Australian Journal of Earth Sciences,
2016,63(8) :929 —940.

SyERAR. B VU RS S TR R PR BIL - R B Y
[D]. dtat: drE MR (dEat) ,2018.

Yi J J. Study on the genetic mechanism and prospecting
model of Makeng iron deposit in southwest Fujian [ D ].
Beijing: China University of Geosciences ( Beijing) ,2018.

SR, B 5O, KT, . AR DU R e BBk
CHD 07 IR T A L B RS AE B R HLI o L] 0K
Hh i ,2013,32(2) :289 - 307.

Zhang C S,Mao J] W, Zhang C Q,et al. Fluid inclusion
characteristics and metallogenic mechanism of Makeng

skarn Fe — Mo deposit in Fujian Province [ J ]. Mineral

— 942 —

(24]

(25]

[26]

[27]

[28]

(29]

[30]

G, XIS 6, BIE(R, 4. ST fs HyLogger 5t
B 2R G A — PRS2 53 23 DU U 8 v D 1 a0 A
B[], T EH,2018 ,27(5) 1147 — 152.

Tong P, Liu P F, Zhao Y J, et al. A method of high
spectral data acquisition for low reflectivity shale gas core
based on the improved HyLogger core scanning system
[J]. China Mining Magazine ,2018,27(5) ;147 - 152.
Laukamp C,Caccetta M, Chia J,et al. The uses, abuses
and opportunities for hyperspectral technologies and
derived geoscience information[ C]//Proceedings of Geo
— computing Conference Brisbane: AIG Bulletin, 2010
73 -176.

Wiz, Wik, Bl %, 2. R =R E e A
T AT O TCR KLLMD )] 592 # 4,
2013,33(3) .315 -328.

Yao Y,Chen J,Lu J J, et al. Composition, trace element
and infrared spectrum of garnet from three types of
W —Sn bearing skarns in the south of China[ J]. Acta
Mieralogica Sinica,2013,33(3) ;315 -328.

BRI, VRUL, HIR I, 55, 45 B2t S0y [ M.
AL - 5 AL, 2008.

Li S R, Xu H, Shen J F, et al. Crystallography and
mineralogy [ M |. Beijing: Geological Publishing House,
2008.

HHF, B IS 55 RS Ol -5 AR J7 12
WFFE M. Jbat BT s fik:,2004.

Gan F P,Wang R S. Research on the basis and technical
method of remote sensing rock and mineral information
extraction [ M ]. Beijing: Geological Publishing House,
2004.

WRER Tt Eh HUER A JT R ik A oo o 45 A 8 PR ) 37 AR
[J]. &J@® 10,2002(11) :50 - 52.

Chen Y S. New knowledge of the information cause of ore
deposit during the exploitation process of Makeng iron
mine[ J]. Metal Mine,2002(11) ;50 —52.

AR BT RRR W R AR L SR R
TR BE A3t B SCL T T 2 5 2 ) 3t R L, 2010, 33
(4):162 - 167.

Shan J K. Temperature zoning and its significance of
skarn — type polymetal deposits of Cuihong Mountain in
Heilongjiang Province [ J ]. &  Spatial
Information Technology,2010,33(4) .162 —167.

Geomatics



55 6 3] WAES,SF . YU LA O LU ISR AE B AR SRR B $39 &

Study on the Characteristics of the Infrared Spectrum and the Alteration
Zoning of Drill Core in the Makeng Iron Deposit

SHI Wei —xin, YI Jin —jun” , WANG Hao, TIAN Rong —jun
(Core and Samples Center of Land and Resources, China Geological Survey, Sanhe 065201, China)

HIGHLIGHTS

(1) The SWIR - TIR infrared spectrum characteristics of altered minerals in the core of Makeng iron deposits were
summarized.

(2) The distribution characteristics of alteration minerals in the core of the borehole were summarized and the
relationship between alteration mineral assemblage and mineralization was discussed.

(3) Zoning of altered minerals in the Makeng iron deposit was investigated, and the formation process of the main

ore body from high temperature to low temperature was also discussed.

ABSTRACT

BACKGROUND: Silicate, sulfate, carbonate and other minerals can be identified by infrared reflectance
spectroscopy which is a non - destructive and rapid batch method. In recent years, infrared reflectance
spectroscopy has played an important role in mineralogical research, mineral exploration and prospecting, mining
and metallurgy. Altered minerals such as pyroxene, garnet, olivine and rock — forming minerals such as feldspar
and quartz can be identified rapidly with thermal infrared (6000 — 14500nm, TIR), which is important for
mineralogical research, mineral exploration and prospecting of skarn type, copper — nickel sulfide type and quartz
— vein type deposits.

OBJECTIVES: To quickly characterize the type and assemblage of alteration minerals.

METHODS ; Shortwave — thermal infrared reflectance spectroscopy was used to analyze the drill cores of the
Makeng iron deposit in the National Geological Archives. The spectral characteristics of the altered minerals in this
deposit were summarized, the type and assemblage of alteration minerals were quickly determined.

RESULTS:; The results showed that the altered minerals in Makeng include garnet, pyroxene, carbonate, chlorite,
sericite, hornblende, epidote, montmorillonite and gypsum. There were significant reflections at 9199nm,
9730nm, 10500nm and 11100nm for garnet. For pyroxene, the significant reflections were mainly located at
11500nm and 12150nm. Infrared spectroscopy analysis showed that altered minerals displayed obvious zoning in
space, and the assemblage and distribution of altered minerals were strictly controlled by the lithology of country
rocks and hydrothermal metasomatism. Garnet + pyroxene can be used as the typical mineral assemblage of skarn
deposits, and the characteristics of alteration zoning indicated a process from high temperature to low temperature.
CONCLUSIONS ; Combined with the geological features, the Makeng iron deposit can be defined as a stratabound
skarn deposit. This research can provide scientific support for the understanding of skarn — type deposits and related

prospecting and exploration.

KEY WORDS:; cores; infrared reflectance spectrum; alteration bands; skarn deposit; Makeng iron deposit

— 943 —





