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ABSTRACT : Locality of domestic high-Ca limestones can be divided into three districts, ie., (1) the
Jecheon-Danyang area, (2) the Samcheok-Taebaek-Jungsun area, and (3) the Uljin-Andong area, in
accordance with their geologic background and type of the deposits. Except for some crystalline
limestones from the Jecheon-Danyang area, domestic high-Ca limestones were mostly recrystallized
and Ca-enriched by the effects of hydrothermal alteration and/or thermal metamorphism. The lime-
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stones can be also divided into crystalline limestone type, marble type, micro- and mega-crystalline
calcite types on the basis of their composition, crystallinity, and mineral facies. An applied-
mineralogical characterization of the high-Ca limestones was done through the systematic analyses and

tests for the limestones.

The high-Ca limestones from the area (1), which are megascopically close to the original limestone
in lithology, display lower whiteness, higher contents of CaO (51~54 wt.%), low crystallinity, and
fine-grained texture. Two typical hydrothermal types of the high-Ca limestones from the area (2), i.e.,
micro- (mostly 0.2~0.3 mm) and mega-crystalline (2~15 cm) calcite types, have comparatively
higher whiteness and rather variable CaO contents (50~355 wt.%) with exhibiting quite different
crystallinity each other. The micro-crystalline calcite type is especially dominant in this area, and has
comparatively uniform crystallinity and homogeneous composition. Compared to these limestones, the
high-Ca limestones from the area (3) show remarkable differences in grade and quality according to
their types of deposit and occurrence. Based on these mineral characters and chemical composition, a
possible scheme for industrial uses of the domestic high-Ca limestones was suggested.

Key words : high-Ca limestone, calcite, crystalline limestone, micro-crystalline, mega-crystalline,
marble type, hydrothermal alteration, thermal metamorphism
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Fig. 1. Geologic and index maps illustrating the locality and geologic setting of some important high-Ca

limestone deposits.
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Fig. 2 Modes of field occurrence of the domes’uc hlgh Ca llmestones A ngh Ca lnmestone beds de-
formed by folding in the Daeseong-Jecheon Mine, Jecheon area. B: Formation of high-Ca limestone
(white) of micro-crystalline calcite type from the original limestone beds (black) as the results of hy-
drothermal alteration controlled by bedding planes in the Songwon Mine, Jeongseon area. C: Replacement
contacts forming between the micro-crystalline calcite type and late-formed mega-crystalline ore in the
Daechang-Sangdong Mine, Sangdong area. D. A field association of marble type ore (white) and
amphibolite (black) in the Imdong Mine, Andong area.
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Fig. 3. Photomicrographs of the domestic high-Ca imestones limestones showing various crystallinity and
texture (crossed nicols). A. A crystalline limestone type exhibiting very fine-grained texture: Note the mode of
recrystallization and the absence of micritic sediments. B: A micro-crystalline calcite type ore recrystallized at
the expense of original micritic sediments. C. An equigranular texture found in the micro-crystalline calcite
type ore: Note the uniform crystal size. D. Micro- crystalline marble type ore showing an intergranular
recrystallization of minute calcite crystals. E. Coarse-crystalline marble type ore showing interlocking of

calcite crystals. F. A large intertwinned calcite crystal found in the mega-crystalline calcite ore.

— 345 —



Fig. 4. Photomicrographs of mineral impurities found in the domestic high-Ca limestones (crossed nicols).
A. An aggregates of illite and clinochlore included in the clayey part of the micro-crystalline calcite ore.
B: Quartz and dolomite crystals segregated within the micro-crystalline type ore. C. Tremolite crystals
included in the micro-crystalline calcite type ore. D. Well-formed sphene crystal found in the
coarse-crystalline marble type. E. A calc-silicate assemblage composed of garnet (black) and wollastonite
(fibrous, white) found in the impure part of mega-crystalline calcite type ore. F. Pyrite impurities
associating elongated tremolite crystals in the micro-crystalline calcite type ore.
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Fig. 5. SEM images showing the fine impurities found in the high-ca limestones. A. Goethite fibers in
the micro-cavities in the micro-crystalline calcite type ore. B. Minute authigenic crystals of quartz found
in the micro-crystalline calcite type ore. C. An aggregate of platy clinochlore in the micro-crystalline
calcite type ore. D. lllite and clinochlore assemblage in the micro-crystalline calcite type ore. E.
Rhombohedral calcite crystals found in the micro-crystalline calcite type ore. F. Graphite (Gr) found in
the coarse-crystalline marble type ore.
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Table 1. Chemical analyses (wt.%) determined by XRF method for some domestic high-Ca limestones

Locality Sample No Chemical Composition
Si0; AlLO; TiO; Fe;O3 MnO MgO CaO NaO KO P,0Os LOI  Total
CM-ID1 1.82 037 0.00 0.00 000 1.12 5294 0.00 001 002 43.19 99.47
CM-ID2 | 1.72 036 0.00 0.00 0.00 087 52.94 000 001 002 4323 99.15
Uljin CM-DJ 224 046 0.00 000 001 2.54 5047 0.13 0.07 0.00 43.54 99.50
- Andong | MI-YP 351 085 002 030 005 1.27 5242 0.14 0.19 024 4228 101.26
ME-SD1 | 229 042 0.00 0.00 0.00 0.63 5325 0.09 0.01 0.01 4320 99.91
ME-SD2 | 7.17 0.60 0.00 0.00 0.00 1.01 53.60 0.07 0.01 002 38.81 101.29
CL-DJ1 1.80 037 0.00 0.00 0.00 0.66 54.06 0.00 0.02 0.01 43.12 100.04
CL-DJ2 1.95 053 0.00 0.01 000 070 53.84 0.00 0.08 0.00 4323 100.33
Jecheon CL-DJ3 208 036 0.00 006 000 201 5248 000 001 000 43.48 100.49
- Danyang | CL-CY1 | 243 035 0.00 0.00 0.00 0.58 53.94 0.00 0.01 0.00 42.98 100.28
CL-CY2 | 167 037 000 000 000 0.62 5239 0.00 0.01 0.00 4123 96.29
CL-DD1 | 1.73 038 0.00 0.00 0.00 0.57 50.73 0.00 0.02 0.00 42.86 96.29
OL-DP 020 0.11 0.00 033 002 346 5196 000 0.03 0.05 42.60 98.75
ME-DC 1.72 037 0.00 0.00 001 1.72 51.04 0.00 0.02 000 43.13 98.01
ME-SU 192 042 0.00 002 001 1.67 5095 0.00 0.04 0.00 43.03 98.05
Samcheok | MI-KD 1.69 039 0.00 0.00 000 054 5262 000 0.03 0.00 4324 9851
_Tacbsek | MICM 1.70 041 0.00 0.00 0.00 0.67 5451 0.00 0.04 0.00 42.64 99.98
Mi-SD 1.65 038 0.00 0.00 0.00 0.56 5426 0.00 0.02 0.00 42.83 99.70
- Jeongseon |\ 501 227 040 0.00 0.00 000 063 5321 0.00 0.03 0.00 4277 9931
MI-SO2 1.69 038 0.00 0.00 000 055 5411 0.00 0.02 000 41.63 9838
MI-SS 2.10 042 0.00 0.00 000 056 5323 005 0.01 000 4333 99.70
MM-DA | 1.65 037 0.00 0.00 000 055 5241 0.00 0.02 0.00 43.32 98.33

CL: Crystalline limestone type, MI:

Micro-crystalline calcite type, ME: Mega-crystalline calcite type, MM: Micro-
crystalline marble type, CM: Coarse-crystalline marble type.

Table 2. Concentrations (ppb) of trace elements and heavy metals of some domestic high-Ca limestones

Samcheok-Taebaek-Jeongseon Area

CM-DA MI-SW MI-SS MI-CC MI-TS MI-DS MM-TY MM-SH ME-DS ME-CM ME-CM
Be <50.00 10249 319.61 68.34 54.29 14.74 82.44 18.15 132 11295 70.54
Co | 2170.66 152840 2775.70 3912.05 3677.80 373398 383933 3975.33 411441 385437 4032.44
Ni |[33311.47 31467.06 22480.36 45310.72 42755.79 43826.14 43815.59 46542.33 46187.42 36056.31 39966.96
Cu | 9680.77 10249.27 413473 3619.62 399397 1863.69 2988.93 3395.11 14701.18 12360.14 10474.18
Mo 77.57 80.92 60.26 2322 87.89 17.93 34.35 6.56 3543 185.28 87.28
Pb | 322291 5987.73 4409.02 9636.04 629349 6903.90 3559.00 493228 2129.51 2927.84 2248.03
Th 165.35 101.29  751.02 46.32 28.58 <15.0 26.76 <15.0 <150 31244 3195
U 78.77 65.33 1046.24 7632  154.26 86.58 49.53 48.94 87.20 29361 113.65

Uljin-Andong Area Jecheon-Danyang Area

CM-ID CL-YP CL-PH ME-SD CM-D] CM-ID | CL-DJ CL-CJ] CL-CY CL-BY CL-DD
Be <50.00 20992 123.99 109.68 73.57 7997 <50.00 <5000 <50.00 11792 <50.00
Co | 140596 2157.33 258598 183522 1987.22 1931.02; 1850.22 195594 1907.67 1861.60 1749.38
Ni (2932091 35113.89 39186.95 10266.73 15183.85 8787.73|43792.54 42458.13 44141.99 44534.67 41299.85
Cu | 495091 5803.00 1405291 5591.24 11750.24 4875.18| 3231.88 4931.58 9013.61 4357.69 3528.82
Mo 170.64 83.80 100.64 24938 174.89 90.67) 198.24 8826 251.89 96.97 93.78
Pb 1526.13 4435.99 3851.58 215340 3664.71 1324.11| 1267.52 3756.83 7593.66 1969.34 150291
Th 124.97 74298 383.59 12438 203.72 21898/ 15979 215.87 248.18 27655 201.99
U 36891 175.02 8670 409.95 380.17 249597) 606.73 28623 580.33 480.06 224.83

CL: Crystalline limestone type, MI

crystalline marble type, CM: Coarse-crystalline marble type.
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Table 3. Specifications of the grade and quality for high-Ca limestone (modified after Harben,

Chang, 2000)

A¢ - 2

1999

Major Application Fields
Metallugical | Flue Gas De- . Glass .
Flux sulphurization Filler & Extender Manufacture Lime Manufacture
CaCO; > 97.0% 85~95% > 96.0% > 54.8% > 95.0%
(CaCOst+ (Ca0) (CaCOs)
MgCOs)
MgO <5% 0.5-1.5% <0.8% <1.0%
(MgCO0s)
. o o e .. o
Chemical SiO, <0.1% 2% negligible negligible <1.0%
Controls | 410, | negligible <1% negligible <035% negligible
Fe,Os negligible <1% <0.1% <0.07% <0.03
Others | P: <0.02% |MnO2: <0.02% |Very low in free Sulfate:<0.05% | minimal sulfur
Cl: <1000ppm |carbon, Cu, Pb & |Free carbon: content
Mn content <0.1%
Finer Free of clays, Good white color, |Critical E;?;t:nri]sttzlhmty’
Mineralogical & |crystallinity, |metallics & High reflectivity & |contaminants: .
. . . . decrepitation on
Other Physical |Resistant to |organics, Fine |surface area, colorants (Cr, heating. Free of
Controls decrepitation  |size (<45 ym) |Specific particle size|Co, Mn) & &
. . . clays & sulfur
on heating required & shape metallics .
minerals
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Table 4. Ore characteristics and industrial uses of some domestic high-Ca limestones

. Deposit Common Associated CaO Suggested
Area  |Mine Name Type Ore Type Color Minerals (WL%) Uses
Donghae D CL blackish, pale gray dolomite 51.9~53.0 MF
Samdo D CL, MI | blackish, pale gray dolomite 53.0~53.8 MF
Cheongsam | D, H | CL, MI | blackish, light gray dolomite 51.6~55.9 MF
Kyeongdong| H Ml light to pale gray | dolomite, illite, pyrite | 51.8~52.6 F&E
Yongyeon H M, MM milky white dolomite, illite 51.1~56.5 | LM, F&E
Deokam H MI, MM milky white dolomite, llite, quartz 524 F&E
Sindong | H | M light gray | Actomite: illite, quartz, o35 s43| L
pyrite
Seongsin | H | M beige-white | dolomite, ilie, goethite | 52.1~53.8| M TP
Samcheok dolomite, illite
- Chungmu H MI light to pale gray clinochlore, tremolite 50.7~54.5 | LM, F&E
Taebaek
- Daedong H MI pale gray dolomite, illite, tremolite| 51.4~52.8 LM
Jeongseon | gongwon H Ml light to pale gray | dolomite, illite, pyrite 549 F&E,
. dolomite, diopside, quartz, _
Seongwoo H MI, ME | light to pale gray clinochlore 51.0~523 F&E
Okdong H Ml light to pale gray dolomite, quartz, tremolite 53.0~55.2 MF
Sangdong | H, S ME  iwhitish to light gray‘ dolomite, illite, quartz | 51.0~54.7 | F&E, GM
" . dolomite, clinochlore, N
Seojin H, S ME light to pale gray grossular, wollastonite 50.1~53.1 F&E
. . dolomite, tremolite,
Dongsin H, S ME light to pale gray diopside, quartz, brucite 50.5 LM
Nammyeong) M | CM |whitish to light gray] Ol0Mie tremolite, | o, o o 5| pep
yeong Eray] quartz, chalcopyrite ’ ’
Jecheon CL dusky to pale gray | quartz, tremolite, illite | 51.9~54.1 MI;;,GI{)M,
Jecheon | yeongwol | D, H CL dusky gray  |dolomite, quartz, ankerite| 50.4~53.9 LM
Danyang Cheongye D CL dusky to pale gray quartz, dolomite 50.2 MF, LM
Danyang D CL dusky to pale gray quartz, dolomite 50.4~50.7 L]\ﬁ’GgIF’
illite, quartz, diopside,
Pyeonghae | D, H CL dusky to pale gray tremolite 44.6 MF
Andong Samdo H S ME .wh1t1§h to 1'1ght grossular, rho'domte, $33~53.6 F&E
_ bluish white wollastonite
Uljin Imdong | HL M ME |whitish to light gray|graphite, quartz, dolomite| 52.9 F&E
Daewoo H ME light to pale gray dolomite, graphite 458 F&E
Odae H ME light to pale gray dolomite, quartz 46.3 F&E

D: Diagenesis, H: Hydrothermal, S:Skarnization, M: Metamorphism, CL: Crystalline limestone type, MI: Micro-cty:
talline calcite type, ME: Mega-crystalline calcite type, MM: Micro-crystalline marble type, CM: Coarse-crystalline marb
type, F&E: Filler and Extender, FGD: Flue Gas Desulphurization, MF: Metallugical Flux, LM: Lime Manufacture.
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