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Diagenetic History of the Ordovician Chongson Limestone
in the Chongson Area, Kangwon Province, Korea

Lyon-Sik Bong - Gong-S0o Chung
Department of Geology. Chungnam National University, Tagjon 305-764, Korea

Abstract: The Ordovician Chongson Limestone deposited in the carbonate ramp to the rimmed shelf shows diverse
diagenetic features. The marine diagenetic feature appears as isopachous cements surrounding ooids and peloids. Meteoric
diagenetic features are recrystallized finely and coarsely crystalline calcite, evaporite casts filled with calcite, and isopachous
sparry calcite surrounding ooid grains. Shallow burial diagenetic features include wispy seam, microstylolite, and dissolution
seam whereas deep burial features include stylolite, burial cements, blocky calcite with twin lamellae, and poikilotopic calcite.
Dolomites consist of very finely to finely crystalline mosaic dolomite formed as supratidal dolomite, disseminated dolomite of
diverse origin, paichy dolomite formed from bioturbated mottles, and saddle dolomite of burial origin. Silicified features
include calcite-replacing quartz and fracture-filling megaquartz.

Burial cements characterized by poikilotopic texture show 8'°0 value of -10.4 % PDB, §"C value of -1.0% PDB and 504
ppm Sr, 3643ppm Fe, and 152ppm Mn concentrations. Finely and coarsely crystalline limestones show similar §'*0 and §°°C
value to those of burial cements; however, they show lower Sr and higher Fe and Mn concentrations than burial cements. This
suggests that very finely and coarsely crystalline limestones were recrystallized in freshwater and then they were readjusted
geochemically in the burial setting whereas the burial cements were formed in relatively high temperature and low water/rock
ratio conditions. Very finely and finely crystalline mosaic dolomites with 8'®0 value of —8.2% PDB, 8°C value of —1.9%
PDB, and 213ppm Sr, 3654ppm Fe, and 114ppm Mn concentrations, respectively are interpreted to have been formed
penecontemporaneousiy in supratidal flat and then recrystallized in the low water/rock ratio burial environment. Geochemical
data suggest that the low water/rock ratio burial environment was the dominant diagenetic setting in the Chongson Limestone.

The Chongson Limestone has experienced marine and meteoric diagenesis during early diagenesis. With deposition of
Haengmae and Hoedongri formations part of the Chongson Limestone was buried beneath these formations and it experienced
shallow burial diagenesis. During the Devonian the Chongson Limestone was tectonically deformed and subaerially exposed.
During the Carboniferous to the Permian about 3.3km thick Pyongan Supergroup was deposited on the Chongson Limestone
and the Chongson Limestone was in deep burial depths and stylolite, burial cements, blocky calcite and saddle dolomite were
formed. After this burial event the Chongson Limestone was subaerially exposed during the Mesozoic and Cenozoic by three
periods of tectonic disturbance including Songnim, Daebo and Bulguksa disturbance. Since the Bulguksa disturbance during
Cretaceous and early Tertiary the Chongson Limestone has been subaerially exposed.
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Fig, 1, Geologic map of the Chongson area (modified after GICTR, 1962; Cheong et al., 1979; Lee, 1988; and Son and
Jeong, 1976). Numbers are localities from which stratigraphic sections were measured, 1, Majeonchi; 2, Kwanghari; 3,

Mopyong; 4, Yijeol; and 5, Sumi,
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Fig. 2, Stratigraphic classification of the Lower Paleozoic {Ordovician to Silurian) strata in the Chongson area,
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Fig, 3, Bural curve of the Chongson Limestone based
on Cluzel et al (1990), Cheong (1988), Lee (1988) and
Park (1982).
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Fig. 4. Summary on geologic and tectonic events of the
Chongson Limestone. Data of geologic and tectonic
events are from Cheong (1988), Lee (1988), and Park
(1982). Geologic time scale is from GSA (1999).
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Table 1, Description of facies and depositional environments in the Chongson Limestone,

. .. Depositional
Facies Description Environments References

Alternating laminae of mm thick gray and dark

lime mudstone with evaporite casts. Desiccation S tidal Demicco and Hardie, 1994,
Thin Laminites |cracks. Very finely to finely crystalline m“‘i’:mﬁdal Elrick, 1996; Holland and

dolomites, some bioclasts. and silt-sized quartz Patzkowsky, 1998

grains.

Alternating layers of mm to cm thick lime
Thick Lamini mudstone with wackestone to packstone. Planar| Intertidal to Demi .

tes to wavy layers with some desiccation cracks| shallow subtidal oco and Hardie, 1934

and evaporite casts.
Lime Breceias | PEDDIe Size clasts. Subangular to subrounded Supratidal to De““wigg'e‘d Ha.'d;:'etg:f’
reccl clasts. Occur in association with thin laminites. | intertidal mllggwk'l » Knig ’

Bioturbated laminae or beds. Mottles are . .

Burrow Mottled |elliptical to irregular shape ranging size from 05 | Intertidal to E‘afz"l’:of:sg' T Holland and
‘Wackestone cm to 2 cn. Mottles are preferentially Subtidal and Wall ' 1993
Packstone/ Peloids, bioclasts and ooids with ripple mark,
Grei cross—lamination. and hummocky Oolitic Shoal Halley et al,, 1983
stone cross-stratification.

Alternating laminae of mm thick ime mudstone ~ |Einsele and Ricken, 1991;
Limestone-Marl |with argillaceous limestone. Good horizontal Deep ramp Elrick and Hinnov, 1996;
Rhythmites contimuity. Truncation surfaces, small scale (deep subtidal) (Srinivasan and Walker, 1993;

cross-stratification and ripple marks. Tucker, 1991
Shale Thinly bedded with internal lamination. (decp subtidal) Srinivasan and Walker, 1993

Fine to medium sand-size quartz grains.

Moderate sorting and good roundness. Sharp Supratidal to .
Sandstone boundaries with limestone bed. shallow subtidal [Ooicger and Montanez 1996;

Interfocked quartz grains form low grade ’

metamorphic rocks, ie., metasandstone.
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Stratigraphic sections of the Chongson Limestone measured at various localities. Letters at the bottom of
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lime breccia; S, sandstone,
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Fig. 6. Photomicrographs of diagenetic features in the Chongson Limestone, A, Fibrous isopachous marine cements
surrounding peloids and ooids, Scale bar is 400pm, In cross-polarized light, B, Isopachous meteoric phreatic cements
surrounding ooid grains, Scale bar is 400um. In cross-polarized light. C, Recrystallized calcite cements; recrystallization
might have occurred both in meteoric and burial environments, Scale bar is 400Um. In cross-polarized light, D, Evaporite
casts replaced by chert and microsparry calcite, Scale bar is 400um, In cross-polarized light, E, Solution seams
characterized by low amplitude postdating fractures. Scale bar is 400um, In cross-polarized light. F, Stylolite with
amplitude of a few hundreds of microns, Scale bar is 400um, In cross-polarized light, G, Very coarsely crystalline calcite
with twin lamellae, Scale bar is 400um, In cross-polarized light. H, Poikilotopic cements indicative of burial origin shows
blocky calcite enclosing fine crystals of calcite. Scale bar is 400um, In cross-polarized light.
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Fig, 7, Photomicrographs of dolomites in the Chongson Limestone, A, Very finely crystalline mosaic dolomite, Scale bar is
400um, In cross-polarized light, B, Disseminated dolomite showing finely crystalline subhedral to euhedral thombs, Scale bar is

400um, In cross-polarized light, C, Patchy dolomite composed of medium-crystalline anhedral to subhedral mosaic dolomite,
Scale bar is 400Um, In cross-polarized light, D, Saddle dolomites in fracture with strong wavy extinction. Scale bar is 400um, In

cross-polarized light,
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Fig. 8. Photomicrographs of quartz which replaced
microsparry to sparry calcite cements, Scale bar is 400{m
In cross-polarized light,
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Table 2, Geochemical data of the Chongson Limestone,

inti : B E CO; MgCO
Sample No Texture  Description  Mineralo 670 8°C Sr Fe  Mn CaC0 3
° % (5. PDB) (%. PDB) (pom) (ppm) (ppm) (mol %) (mol %)

9581808-lt VFC Recrystallized Ls Cal -11.8 -1.0 251 6750 176 92.9 4.9
9581405 FC  Recrystallized Ls Cal -11.4 -1.0 300 8560 316 94.1 3.7
9743007 FC Recrystallized Ls Cal -9.5 -0.2 780 5290 204 95.1 3.7

Average -10.9 -0.7 444 6867 232 94.0 4.1
9650210 CC  Recrystallized Ls Cal -9.4 -0.9 336 4270 137 96.8 2.3
8650216 CcC Recrystallized Ls Cal -8.9 -0.5 430 4870 282 97.8 1.2
9650323 CC  Recrystallized Ls Cal -9.6 -0.5 322 5800 182 94.7 4.1
9550308 CC  Recrystallized Ls Cal -9.4 -0.6 443 4390 168 97.2 1.9
9622406 CC  Recrystallized Ls Cal -13.1 -1.3 404 1030 86 95.5 4.2
9650314 CC  Recrystallized Ls Cal -10.0 -0.8 404 10800 368 93.2 4.6
9652509 CC  Recrystallized Ls Cal -11.8 ~-1.3 528 2260 68 98.4 1.2
9652511 CC  Recrystallized Ls Cal -8.7 -1.3 255 1210 55 98.9 0.1
9652611 CC  Recrystallized Ls Cal -10.2 -4.2 340 2100 98 98.8 0.7

Average -10.1 -1.3 385 4091 160 96.8 2.2
9543010 VCC  Burial Cements Cal -13.0 -2.4 770 185 45 98.4 1.5
9650118 VCC  Burial Cements Cal -9.4 -0.7 352 3830 186 98.0 1.3

9581808~ VCC  Burial Cements Cal -10.8 -1.0 502 5080 210 97.9 1.1
9650201 VCC  Burial Cements Cal -9.4 -0.3 443 5450 153 96.5 2.4
9650224 VCC  Burial Cements Cal -9.4 -0.4 454 3700 167 97.5 1.7

Average -10.4 -1.0 504 3643 152 97.6 1.6
9622411 VEC Dolostone Dol -10.7 -2.4 170 4530 118 52.0 47.0
9652403  VFC Dolostone Dol -8.6 0.0 166 7140 96 52.4 46.3
9652606  VFC Dolostone Dot -8.2 -3.4 130 390 114 51.2 48.7
9672303  VFC Dolostone Dol -9.5 -2.5 292 3550 120 55.3 44.0
9743014  VFC Dolostone Dol -7.0 -0.1 589 18300 276 53.8 42.9
9581802  VFC Dolostone Dol -8.6 -3.7 166 610 167 49.3 50.5
9622413  VFC Dolostone Dol -10.3 -3.2 423 2510 110 52.7 46.7
9622416  VFC Dolostone Dot -7.2 -0.7 246 3010 117 52.4 47.0
9652404  VFC Dolostone Dol -8.3 -0.3 386 6340 121 52.5 46.2
9652502  VFC Dolostone Dol -7.6 -1.0 268 3280 91 55.1 44 1

96510041 VFC Dolostone Dol -6.4 -0.2 104 2400 107 50.9 48.6
9650902 VFC Dolostone Dol -6.3 -1.1 80 1860 94 50.1 49.5
9650904  VFC Dolostone Dol -7.2 -1.0 78 1550 100 55.6 44 .1
9543015 FC Dolostone Dol -7.7 -1.7 139 1320 97 52.6 471
9543021 FC Dolostone Dol -8.9 -2.6 139 4290 69 50.2 49.0
9543022 FC Dolostone Dol -7.7 -3.4 155 724 87 50.4 49.5
9543026 FC Dolostone Dol -9.4 -4.8 173 1090 70 50.2 49.6
9652608 FC Dolostone Dol 7.7 -1.4 133 2870 94 51.2 48.3

Average -8.2 ~1.9 213 3654 114 52.1 47.2
9550123 cC Dolostone Dol -8.8 ~0.6 89 4150 95 50.6 48.6
9743008 VFC Dolomitic Ls Dol &Cal  -12.3 -2.9 601 3490 110 67.3 31.8
9543002 FC Dolomitic Ls Dol &Cal -9.9 -1.5 260 1590 53 74.6 25.1
9550317 FC Dolomitic Ls Dol &Cal -9.8 -1.0 788 13600 222 54.9 42.4
9550405 FC Dolomitic Ls Dol &Cal  -14.1 -2.0 353 2590 90 76.6 22.9
9652411 FC Dolomitic Ls Dol &Cal  -10.4 -1.7 303 2820 103 64.7 34.8

Average -11.3 -1.8 461 4818 116 67.6 31.4
9550132 cc Dolomitic Ls Dol & Cal -10.0 -0.8 240 11800 235 78.7 18.7
9750105 cC Dolomitic Ls Dol & Cal -7.7 -0.6 222 6320 164 64.5 34.3
9672302 ccC Dolomitic Ls Dol & Cal -10.3 -1.8 340 2510 93 60.8 38.7
9650217 cC Dolomitic Ls Dol & Cal -11.2 -0.5 327 10500 213 83.3 14.3
9651004-1 CC Dolomitic Ls Dol & Cal -10.6 -2.2 132 1650 123 73.0 26.7

Average -10.0 -1.2 252 6556 166 72.0 26.5

VFC: Very Finely Crystalline (0.004-0.016 mm), FC: Finely Crystalline (0.016-0.062 mm), CC: Coarsely
Crystalline (0.25~1 mm), VCC: Very Coarsely Crystalline (1-4 mm), Ls: Limestone, Cal:Calcite, Dol: Dolomite
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Fig. 9. Suggestive timing of diagenetic events of the Chongson Limestone,
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