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Geological Structure of the Moisan Epithermal Au-Ag Mineralized Zone,
Haenam and its Tectonic Environment at the Time of the Mineralization
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An Epithermal Au-Ag mineralized zone is developed in the Moisan area of Hwangsan-myeon, Haenam-gun, Jeol-
lanam-do, Korea, which is located in the southwestern part of the Ogcheon metamorphic zone. It is hosted in the
Hwangsan volcaniclastics of the Haenam Formation of the Late Cretaceous Yucheon Group. This research investi-
gated the characteristics of bedding arrangement, fold, fault, fracture system, quartz vein and the time-relationship
of the fracture system to understand the geological structure related to the formation of the mineralized zone. On
the basis of this result, the tectonic environment at the time of the mineralization was considered. Beds mainly
trend east-northeast and gently dip into north-northwest or south-southeast. Their poles have been rearranged by
subhorizontal-upright open fold of (east)-northeast trend as well as dip-slip fault. Fracture system was formed
through at least 6~7 different deformation events. D1 event; formation phase of the main fracture set of EW (D1-1)
and NS (D1-2) trends with a good extensity, D2 event; that of the extension fracture of NW trend, and conjugate
shear fracturing of the EW (dextral) and NS (sinistral) trends, D3 event; that of the extension fracture of NE trend,
and conjugate shear refracturing of the EW (sinistral) and NS (dextral} trends, D4 event; that of the extension frac-
ture of NS trend showing a poor extensity, D5 event; that of the extension fracture of NW trend, and conjugate
shear refracturing of the EW (dextral) and NS (sinistral) trends, D6 event; that of the extension fracture of EW
trend showing a poor extensity. Frequency distribution of fracture sets of each deformation event is Di-1 (19.73
%)> D1-2 (16.44 %)> D3=D5 (14.79 %)> D2 (13.70 %)> D4 (12.33 %) > D6 (8.22 %) in descending order. The
average number of fracture sets within 1 meter at each deformation event is D6 (5.00)> D5 = D4 (4.67)> D2
(4.60)> D3 (4.13)> DI-1 (3.33)> D1-2 (2.83) in descending order. The average density of all fractures shows 4.20
fractures/1 m, that is, the average spacing of all fractures is more than 23.8 cm. The frequency distribution of
quartz veins at each orientation is as follows: EW (52 %)> NW (28 %)> NS (12 %)> NE (8 %) trends in descend-
ing order. The average density of all quartz veins shows 4.14 veins/l m, that is, the average spacing of all quartz
veins is more than 24.2 cm, Microstructural data on the quartz veins indicate that the epithermal Au-Ag mineraliza-
tion (ca. 77.9~73.1 Ma) in the Moisan area seems to occur mainly along the existing D1 fracture sets of EW and
NS trends with a good extensity not under tectonic stress but non-deformational environment directly after epither-
mal rupture fracturing. The D1 fracturing is considered to occur under the unstable tectonic environment which
alternates compression and tension of NS trend due to the oblique northward subduction of the Izanagi plate result-

ing in the igneous activity and deformation of the Yucheon Group and the Bulguksa igneous rocks during Late Cre-
taceous time.

Key words : Moisan area, Hwangsan volcaniclastics, Epithermal Au-Ag mineralized zone, fracture system, quartz
vein
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Fig. 1. (a) Index map showing the tectonic locality of study
area (arrow mark). 1: Yeongnam massif (YNM), 2: Gyeonggi
massif (GGM), 3-4: Ogcheon belt [3: Ogcheon zone (OCZ),
4: Taebaeksan zone (TBSZ)], 5: Gyeongsang basin (GSB).
B: Bonghwa, Bo: Boeun, Bu: Busan, G: Gwangju, Ga:
Gangneung, Je: Jeonju, M:Mungyeong, Mo: Mokpo, O:
Ogcheon, P: Pyeongchang, S: Sunchang, Se: Seoul, W:
Wando, Y: Yecheon, Ye: Yeongkwang. (b) Cretaceous basins
in the South Korea and study area. 1: Gyeongsang Basin, 2:
Tongni Basin (undefined), 3: Jungsori Basin, 4: Yeongdong
Basin, 5: Muju Basin, 6: Jinan Basin, 7: Neungju Basin, 8:
Hampyeong Basin (undefined), 9: Haenam Basin, 10: Kyokpo
Basin (undefined), 11: Puyeo Basin, 12: Gongju Basin, 13:
Eumseong Basin, 14: Pungam Basin, 15: Misiryeong Basin
(undefined), 16: Cheorwon Basin (undefined) (compiled
from Lee, 1999; Choi and Choi, 2007).
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Fig. 2. Regionat geological map of Haenam area and the locality of study area (modified from Choi et al., 2002a).
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Fig. 3. Alteration zones of the Moisan area, Haenam (after Bowden, 2007).
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Fig. 4. (a-b) Subvertical and (
mudstone and siltstone of the Moisan arca, Haenam.
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Fig. 5. (a) Hydrothermal alteration texture recognized by irregular grain boundary of feldspar (open nicol). (b) Phyllic
alteration texture. Coarse-grained illitic clay (il) replacement of a biotite phenocrysts (Bt) in the central part (crossed nicols).
(c) Siliceous alteration texture by very fine-grained recrystallized siliceous quartz with little or no clays (crossed nicols). (d)
Argillic alteration texture by fine-grained quartz and kaolinite mineral assemblage (crossed nicols).
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Fig. 6. (a) Orientation of bedding, and (b) stereogram (density map) of its poles (lower-hemisphere equal-area projection,
contours: 4-8-12-16 % per 1 % area), and (c) rose diagram to its orientation.
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N No.908
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X Fap pole

Fig. 7. (a) Outcrop photograph of (E)NE trending subhorizontal-upright open fold taken in the No. 908 outcrop site, and (b)
stereogram showing the orientation of poles to the bedding dispersed by the folding.

Fig. 8. (a) East-west trending normal fault showing that the northern block is down. (b) Rock specimen showing apparent
normal (A N.Ft) and reverse (A.R.Ft) faults (rollover rock near No. 224 outcrop site).
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Fig. 9. Stereograms of poles (lower-hemisphere equal-area projection) illustrating the orientations and the relative timing of
fracture sets (I-1, -2, IL, 111, ...) determined from the geomeiries of fracture termination, intersection, and cutting-relationship

in each outcrop (numbers: outcrop numbers) of the Moisan area, Haenam. Thicker solid great circles: fracture sets filled with
quartz minerals (quartz veins).
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Fig. 12. Schematic landscape photo (a) (looking from Mmsan to Eunsan) and outcrop photos (b~d) showmg the relatlve

development sequence of extension fracture sets (e.g. 1-1,
termination, intersection, and cutting-relationship.

1-2, 2, 3,

...) determined from the geometries of fracture
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Fig. 13. Diagram representing the development sequence (fracturing events) of extension fracture sets (e.g. 1-1,1-2,2,3, ...)
measured in the Moisan area, Haenam (extracted from data of Fig. 9). The number of arrow mark: single (ist phase of
deformation), double (2nd phase of deformation), ... and half arrow marks: left-up and right-down (sinistral movement
sense), right-up and lefti-down (dextral movement sense) of shear fracture sets in each outcrop. D: dextral, 8: sinistral. For
detailed explanation see text.
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Fig. 14. Diagrams illustrating the characteristics of the fracture sets known on their relative timing in the Moisan area,
Haenam. (a) Rose diagram. (b) Frequency distribution, (c) average number of fracture sets within one meter, and (d)
characteristics of fracture sets which belong to each fracturing event (D1-1, D1-2, D2, ...). (e) Average number of fracture
sets within one meter vs. frequency of fracture sets in each fracturing event.
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Fig. 15. Outcrop photos showing various occurrences of quartz veins in the Moisan area, Haenam. (a) Relay (R) and branch
(H), (b) intersection, (c) network, (d-e) oval ring, and (c, e, 1) cavity filling types.
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Fig. 17. (a) Rose diagram to all quartz veins. Diagrams showing the (b) frequency distribution of quartz veins of each group, and (c)

average number of quartz veins of each group within one meter.
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Fig. 18. Characteristic microstructures refated to quartz growth in vein. (a) Colloform texture. (b) Random growth of quartz
in vein. (c) Oval ring and cavity filling types of quartz veins. (d) Growth of blocky and elongate quartz perpendicular to the
irregular boundary of vein and wall rock. (¢) Tectonic quartz veins. Oblique quartz vein is extension tectonic vein. Horizontal
quartz vein is shear tectonic vein as syntaxial vein. Elongation direction of quartz in the horizontal vein is normal to the
boundary of vein and wall rock in the walls and is oblique to that in the middle. This means that the horizontal fracture was
opened by shear after extension, (f) Brecciated vein. All are taken under crossed nicols.
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