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Abstract: Fe-Ti ore bodies and mafic granulite occur in the Sancheong anorthosites, south Korea. In order
to determine their petrogenetic relationship and to classify the Fe-Ti ore bodies, we have synthetically
analyzed characteristics in the field, such as distribution and occurrence, and petrologic features through
detailed outcrop sketches. The ore bodies are divided into the regular vein dike- and irregular veinlet
swarm types, according to their characteristics of contact with the anorthosites and internal structures. The
former shows the tabularly intrusive contact and the pervasively ductile-sheared interior, while the latter,
the irregularly tortuous contact and the almost intact interior. Most of the ore bodies are cross-cutting the
foliation of the anorthosites and possess abundant anorthositic xenoliths, indicating their intrusion after the
formation of foliation in the anorthosites. The mafic granulite, also bearing abundant anorthositic xenoliths,
shows interior foliations nearly parallel to intrusion contact, and has abundant ilmenites approximately the
same as those of the Fe-Ti ore bodies in chemical composition. And its intrusion into adjacent anorthosites
is observed and the intrusion is finally changed into an irregular veinlet swarm type ore body. It is, thus,
interpreted that the granulite in the study area was the host material of Fe-Ti ore bodies.

Key words: Sancheong anorthosites, Fe-Ti ore, regular vein dike type, irregular veinlet swarm type,
mafic granulite
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Fig. 1. Geological map of the Sancheong anorthosites and their vicinities (after Jeong et al., 1989).
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Fig. 2. (A) Aerial photograph and (B) geological map in the study area showing the outcrop localities and
distribution of Fe-Ti ore bodies. A group : regular vein dike type, B group : irregular veinlet swarm type.
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with the naked eyes. (D) Stretching lineation (L) observed on shear surface in the ore body. An : anorthosites.
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15 dike (N36°E/76°NW) W nafic dike
= |dike (NB"E/74°NW) I Fe-Ti ore body
- 0 Anorthositic rocks
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Fig. 9. Outcrop sketch and photographs of Fe-Ti ore body (B group) and dikes in 67 site. (A) Fe-Ti ore body
showing irregularly tortuous contacts with the anorthosites. (B) Almost intact anorthositic xenoliths within the ore
body. (C) NNE-trending Fe-Ti ore veinlet. (D) Brittle-fractured mega plagioclases within the ore body showing tiny
mafic minerals injecting into the fractures. An : anorthosites.
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gt atxbm} 22t o] 2 A o] $Asith. AP 0.5~3 mm FEe] FA7)E

AL, BAALR ol EE BolAl eTh FE

AAZ 91(1989)9] A%t EiE wEW A7AY gl E Aé}z"& TR, E e TR e
A-EE A e A Y] BEACl g AAe % o] BFEY. #4 FEL _:-E*‘o}

HrFig 1). Tt BEAS BEE A UE oo 74%4—& TAYL, YHE HA9 B

A+EAA 9, 201000M = AAE 8o} o], 2HY TZ7} ‘a“’} ATt 3 ARG AR A A Al
siakekel Al 7] PFig. DS AR dAEE ARl ME 1200 7+ 7HAE I E (granoblastic)

x| QoL HolHol AL st} =My Tkt z24& & RAF o= 33ade] ¥ olF 39
ol EAHE 54E AT mEd FEg 4 22l WgRge] o3 AAAEE AR
A B4 8 g FutEA] et dvA Zome} AP 9] W] o3t AR T .
o A T SR dev) QIAY meksiAl g 2-Elg FA] Fa PARES N, A,
3, FjujsiA deshs dele A0 s A ABPRE Ty AFHelH, ] 134, HY §
o A o gedle dedke 2R Aluldtt o] FATHFig. 11B). A Z52] H-EJet FFolA
(Fig. 5A). Bgedde) dele v a4 2 AR e A7 RS wola, A4 e uRT #4
ArebgEe] widz AR Hrt. FerddE dnlidel FEEL shte] IR SAsh T WP
HAE(Fig. 114), AAH=2E= e 584 = wjgEe] 7= dvh e BgEse AR dA

Fig. 11. Thin-section photomicrographs of anorthosite, Fe-Ti ores, and mafic granulite in the study area (under
crossed polars, X20). (A) Foliated-type anorthosite showing abundant plagioclase and minor amphibole, as well as
a granoblastic texture with well-developed 120° grain boundary intersections. (B) A group Fe-Ti ore body showing
opaque minerals existing among amphiboles and coarse grained plagioclases. (C) B group Fe-Ti ore body showing
more fine grained and albite-twinned plagioclase. (D) Mafic granulite showing a granoblastic texture with minerals
including plagioclase, orthopyroxene, garnet, and ilmenite. Pl : plagioclase, Am : amphibole, lIm : imenite, Qtz :
quartz, Grt : garnet, Opx : orthopyroxene.
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BSE

Fig. 12. Back-scattered electron images

Ak 129

(BSE; A, D) and X-ray mapping images (B, C, E, F) of Fe-Ti minerals in

the A group ore body (A, B, C) and the mafic granulite (D, E, F). Fe mapping (B, E) and Ti mapping (C, F)
images of Fe- Ti minerals. lim: iimenite, Am: amphibole, PI: plagioclase, Opx: orthopyroxene, Mag: magnetite.
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TE +03%0|vh ARRHES iR gerEd g A
Ao|tiFig. 12). ¢, 3t& #A|S A5 AAL 9
(1989y= AEA, AFA, A, g5, 2AREA
E5 Byd vk vk A 2F 39 2Ed 9
o] thate] FHMAMEAAKBSE) ©|v|A|(Fig. 124, D)
9} XA w3 o|mA|(Fig. 12B, C, E, FY& A4¥E
o, 3 U AERES FE HEM R Exjjsy
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Fig. 13. Aftitudes of distribution of foliations cbserved in the anorthosites

. Inserted contoured diagram showing a
fold axis estimated from best-fitting n-circle using the attitudes of foliations.

N N

Contour Int : 4.0% - N=27 Max=22% . N=27

Fig. 14. (A) Contoured n- {lower hemisphere, equal area projection) and (B) rose diagrams showing the attitudes
of foliations observed within the A group Fe-Ti ore bodies.
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B-E|E TN DA Wil T
A7AY wEF AYLe A-Elg FA e} HUdA
o WHE o] g Aow wkEch 1A
wEote] AARE 4 stz RE Y
Ha AFEe] FEFLES Y ErAE” #UAAS
Hole B 2F9 FARE Hslshe o] F3lo] #
ZETHFig. 10). WEge A-EHe FHgE F%E
o FF Aole glont FARE fAGE 235 3
EjgaMo] &3] A&, o] BlEEA e FEY B
Aol 7t fAeE 818HE 248 7FRIT(Table 1).
SHA, -l FAES wAHA Wyt Ao
I HE T JeRdt) olyd ¥ 5L
Ao 5ol ndd WhYE e wlao) Fe
*P‘i%l 7Fe/d& AAkEHE o]FRE £1(1999)00 ©]3)
A O3S AN vl thojejdolrt AEE
%6}04 FeetEA WP RAG M gk AR
W*«ﬁi Qlated A EA] FEIF APE] BOBA
ket 8 ok Slela] wkwald st
%OEM gl oate] AA=o] FA7F AR
RAoZ 6H**o}°iﬂ} o] 3INg wEy v WYY
< A wioeke] gl slgsl, 3
AEHo] TR BFrlant ARE AdesiwA 3
el dFe] YT FE(hydraulic fracturing)S
7Hate] dAAQl FHAAHES SANARAN o,

s

;%H

Table 1. Representative chemical compositions (wt
anorthosites and mafic granulite

THYE ol EFIE BAE
alE} ey EA FA7E
7 Aeksky 9l
The= %% g};@o},} J,LO]J,‘, ‘ga},] g4 a8y 33
A Mgl g Kolols ¥ 03 A 3]

2010) Tbﬂ iWOW

$¢ olojaiT). vio) wakR, 239 el gzt
REoAT Heo] $3HE HY ¥ AFTsP}
2ahEA) 23 dob ARE RAAXE W Y2
o, webd 77 s 359 BAS BN

slanks @AY Sgerdshe ME viavkeks 4
Wk A7H Aol 7hl AIH e ke viarid
7¥54e] Et.

A A}

Agat Helgh B3A 55 dwP] @&
ooz BEsR= AW slks 3gEde] #YsaL,
o5& A FAY 1HEA @fm} At HAEY
So] A Bl ols) AYE AeE ¥ 4
71 9, 1989; AR 9, 1991; €A 9,
2006). v} o ZAfelA Lo wAdetel ad
Bl AR 2) gga] :é‘]'wlzé}okg. %@3}1 3;%0]

e

.5

Haso} oj2jgt 7|E Azl YR Fgo] aHT)
A4(1970)00 23l uikgae] et A H

vl HR IS Wsde] WA B¥shs o2

%) of imenite from Fe-Ti ore bodies in the Sancheong

Rock type Fe-Ti ore body Mafic granulite
Sample No.  1-1 -5 26 35 41 61 65 7-1 76 81 91 141 142 149
Site No. 174 174 101 101 101 102 102 69 69 102 102 108 108 108
Si0, 000 000 005 004 002 008 005 006 005 005 009 004 004 003
TiO, 49.77 5097 5139 51.14 5143 51.74 51.99 5165 51.16 50.70 51.96 5093 51.50 51.52
FeO 47.85 4831 46.10 4727 4750 46.64 46.65 4537 46,51 4533 46.61 4742 4687 47.03
MnO 0.8 081 099 079 078 0951 108 192 170 182 094 031 032 033
MgO 012 0.09 000 013 010 010 003 012 007 007 000 026 004 020
Ca0 001 001 002 002 002 0.02 001 002 001 003 001 003 000 001
Na,0 0.01 000 000 000 000 004 000 000 004 029 000 000 000 001
Total 98.62 100.19 98.55 99.39 99.85 99.53 99.81 99.14 99.54 9829 99.61 9899 9877 99.13
0=6

Si 0.000 0.000 0.003 0.002 0.001 0.004 .003 0.003 0.003 0.003 0.003 0.002 0.002 0.002
Ti 1940 1951 1987 1967 1968 1983 1985 1984 1966 1975 1975 1965 1987 1980
Fe 2073 2056 1982 2021 2.021 1987 1980 1.938 1.988 1963 1.963 2.034 2010 2.010
Mn 0.038 0.035 0.043 0.034 0.034 0039 0.046 0083 0.074 0.080 0.080 0.013 0014 0014
Mg 0.009 0.007 0.000 0.010 0.008 0.008 0.002 0.009 0.005 0005 0.005 0.020 0.003 0.015
Ca 0.001 0.001 0.001 0.001 0.001 0001 0001 0001 0.001 0.002 0.002 0.002 0.000 0.001
Cations 406 4.049 4.015 4.034 4.032 4.021 4.016 4.017 4.036 4.026 4.026 4.034 4016 4.021
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