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2.1 INTRODUCTION  

 

This chapter documents the lithostratigraphy and structural relationships of Cretaceous volcanic 

and sedimentary rocks in the Seongsan district, South Korea.  Exposures within the Seongsan 

district are limited to relatively undeformed and unmetamorphosed sedimentary rocks, sub-

volcanic intrusions and related acid volcanic rocks.  Basement Precambrian gneiss and 

Mesozoic plutonic rocks are not exposed within the area mapped.  The bedded nature of many 

rocks and presence of marker contacts allows confident stratigraphic correlation across the 

district.   

 

A variety of information was gathered during investigation of the lithostratigraphy and 

structural relationships.  Systematic mapping, sampling and structure contour analysis of key 

marker horizons was initially undertaken.  Subsequently, descriptions of all significant rock 

types were compiled including detailed petrography and microprobe work.  The analysis and 

interpretation of textures in volcanic rocks was also undertaken to determine the depositional 

environment of rocks that host the epithermal clay-sulfate / Au-Ag mineralised systems.  

Mapping and analysis of faults to constrain their location and their sense and direction of shear 

was also critical to understanding the structural relationships in the district. 

 

This improved understanding of the lithostratigraphy and structure is the necessary background 

for understanding the geological setting and structural controls on the location of epithermal 

systems in the Seongsan district (Fig. 1-8).  

 

2.1.1 Previous lithostratigraphic and structural work in the Seongsan district 

The dominant lithostratigraphic unit in the Seongsan district which hosts the various epithermal 

systems is a complex suite of sedimentary rocks, sub-volcanic intrusions and related acid 

volcanic rocks collectively named the Haenam Formation.  This unit makes up the bulk of the 

surface and currently drilled sub-surface geology within the district. 

 

Within the Seongsan district, there has been only limited previous field-oriented geological 

investigation of the Haenam Formation (Kim, 1991; Koh, 1996).  There is no previous account 

of the detailed structure of the district other than broad scale inferences.  This chapter addresses 

the lack of an integrated field-based investigation of the geology of the Seongsan district. 
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2.2 LITHOSTRATIGRAPHIC UNITS AND THEIR RELATIONSHIPS  

 

Within the Seongsan district, basement granitic rocks are inferred to be at depths around 500m 

or more.  These plutonic rocks are unconformably overlain by andesitic pyroclastics and red-

brown siltstone of the Hwawon Formation, which are themselves overlain by sedimentary rocks 

of the Uhangri Formation.  The uppermost boundary of the Uhangri Formation sediments is 

inferred to underlie the Seongsan district at depths around 300m.  These depths are based upon 

regional stratigraphic correlations and field relationships observed during this study, and an 

integration of various government and industry drilling data.  The Haenam Formation 

conformably overlies the Uhangri Formation.  These formations are unconformably overlain by 

an extensive volcaniclastic debris flow breccia.  Rhyodacitic intrusions and flow domes were 

emplaced before and after deposition of the debris flow (Fig. 2-1; Fig. 2-2).   

 

Stratigraphic and intrusive relationships in the Seongsan district are illustrated schematically in 

Figure 2-1 and a simplified geological map of the Seongsan district derived from detailed 

1:5,000 mapping is shown in Figure 2-2.  These relationships are based on mapping of contacts 

and geological relationships evident in cross sections derived from field mapping and diamond 

drill-hole geology.  Individual contacts are generally difficult to trace out along strike accurately 

on surface due to limited exposure, but the lateral extent of units, considering the fairly shallow 

dipping nature, appears to be fairly continuous.   

 

All significant units observed in outcrop and diamond drill holes are described below in 

stratigraphic order from oldest to youngest.   
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Figure 2-1 
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Fig. 2-2 Simplified geological map of the Seongsan district, from detailed 1:5,000 scale mapping (Appendix 6).  
Boxes around Ogmaesan, Moisan, Eunsan, Chunsan and Seongsan highlight prospect areas.  A number of cross 
sections at 1:5,000 scale (Appendix 6) and at prospect scale (Chapters 2 and 3) have also been produced. 
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2.2.1 Uhangri Formation (Ums) 

This Formation comprises fine to very finely laminated black to grey mudstones with siltstone 

interbeds.  Within the Seongsan district, the top of the Uhangri Formation lies ca. 250 to 300m 

below surface.  Current drilling within the district is predominantly above this depth but a 

limited number of holes have extended below this depth, and these show a transition from the 

overlying basal unit of the Haenam Formation, the Hwangsan Tuff (HVf), into the underlying 

upper Uhangri Formation.  This transition is exposed on surface at the Uhangri type-section 

(Fig. 2-3).   

 

The type-section of the Uhangri Formation, where previous research has been undertaken, is ca. 

3 to 4km north to north-northeast of this study area (265,850mE, 3,830,280mN), and consists of 

a west-northwest striking coastal exposure of gently south-southwest dipping grey mudstones 

with siltstone interbeds.  Within the type-section, individual beds from <1cm to 5cm up to 

>10cm thick can be correlated over several km’s along strike.  There appears to be no 

significant difference between Uhangri Formation rocks occurring at the type-section and those 

that have been encountered within drill core of the Seongsan district. 

 

The upper Uhangri Formation sedimentary rocks are typically shallow lake sediments.  

Sedimentological research on the type-section of the Uhangri Formation has inferred that the 

sequence generally shows a fining-upward trend with a transition from alluvial fan fringe, to 

coarse-grained subaqueous deltas, to shallow lake facies (Chun & Chough, 1995; Fig. 1-17).  

This transgression was inferred to be due to continuing subsidence related to continental rifting 

(Chun & Chough, 1995) associated with the final stages of the Daebo Orogeny from ca. 120Ma 

to ca. 85Ma, consistent with the age data of the Uhangri Formation.   

 

2.2.2 Haenam Formation 

The Haenam Formation forms much of the surface rocks and the bulk of the currently explored 

subsurface rocks within the Seongsan district.  The Haenam Formation comprises the Hwangsan 

Tuff (HVf; Kim, 1991; Koh, 1996), an extensive and voluminous primary pyroclastic flow 

deposit which grades up into a complex package of acid volcaniclastics intercalated with sub-

volcanic intrusions and sedimentary rocks.  The rocks immediately above the Hwangsan Tuff 

are widely exposed throughout the Seongsan district and include a wide variety of rocks that 

have not been described separately before.  In the following description, the Haenam Formation 

within the Seongsan district has been split into 6 informal members.  Where lack of outcrop or 

drilling data prevents division into one of these members, the Haenam Formation is mapped as 

undifferentiated Hwangsan Volcaniclastics (HV), representing the dominant volcaniclastic rock 

type in the local area. 
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Fig. 2-3 Well bedded and laminated upper Uhangri Formation grey mudstones and siltstones (Ums) from the type-
section exposure ca. 4km north of field area, with conformably overlying massive Hwangsan Tuff member (HVf) of 
the basal Haenam Formation. 
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2.2.2.1 ‘Hwangsan Tuff’ (HVf) a lithic fiamme tuff flow deposit  

The Hwangsan Tuff (Kim, 1991; Koh, 1996; ca. 86.4±1.8Ma, Kim & Nagao, 1992) comprises 

light green coloured, variably welded, ash tuff with widespread aligned fiamme.  Dacitic 

volcaniclastic rock, mudstone and siltstone lithic fragments comprise 50 percent of the rock in 

ca. 70 percent of the unit as a whole.  The unit is variably matrix to clast supported; lithic 

fragments are generally well rounded.  Fragments of embayed quartz and plagioclase 

phenocrysts comprise a further 5 to 10 percent of the unit.  Some of the lithic and crystal 

fragments show selective replacement by fine-grained cubic pyrite.  The unit typically shows 

pervasive quartz-illite-illite/smectite-pyrite alteration that does not extend into the overlying 

parts of the Haenam Formation (Fig. 2-4).  Within the immediate Seongsan district, Hwangsan 

Tuff outcrops just north of the mapped field area.  Here it is generally massive, unbedded and 

20 to 100m thick.  Fiamme show alignment parallel to the boundaries of the unit.  Locally it 

may reach ca. 200m thick.  It has an overall easterly strike and a 5 to 20° southerly dip, both 

where exposed north of Seongsan and in drill holes within the Seongsan district.  Hwangsan 

Tuff conformably overlies the Uhangri Formation at the type-section of the latter (Fig. 2-4), and 

is exposed over several 10’s of km to the west and east of Seongsan, and for several kms to the 

north until the contact with the Uhangri Formation is reached.  The unit is typically coarser to 

the east (Reedman, pers. comm. Nov. 2003), thus indicating the probable volcanic source for the 

deposit was further east. 

 

Due to the abundant fiamme that are inferred to be relic pumice, the Hwangsan Tuff is 

interpreted as a regionally extensive voluminous primary pyroclastic flow or ignimbrite deposit.  

The presence of clasts from the underlying Uhangri Formation indicates that the depositional 

environment of the Hwangsan Tuff was explosive and sufficiently energetic to fragment clasts 

of the underlying rock.  The presence of aligned fiamme indicates that it was hot enough for the 

components to have undergone welding during compaction, and that there was a dominant 

depositional flow velocity, which aligned the fiamme. 

 

A key feature evident from cross section construction is the voluminous nature of the Hwangsan 

Tuff (HVf).  A rough estimate of its volume around the Seongsan district would be in the order 

of 10km3.  This would be a minimum total volume as its southern and northern extents are 

undetermined.  This or a similar unit is also known from exposures north of the Sani granite 

(Fig. 1-13).  Ignimbrite deposit volumes are generally in the order of 1 to 100km3 for 

intermediate-volume deposits or 100 to 1,000km3 for large-volume deposits (Cas & Wright, 

1987).  The upper limit of the Hwangsan Tuff is not as distinct as the underlying conformable 

contact with the Uhangri Formation as it gradually grades up into overlying units (Appendix 6). 
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Fig. 2-4 ‘Hwangsan Tuff’ (HVf), a lithic fiamme tuff flow deposit, (equivalent to an ignimbrite).  A: Unaltered 
outcrop of generally massive HVf with lithics and fiamme at location ca. 4km north of mapped area, just above the 
contact with the Uhangri Formation (259,452mE, 3,833,732mN; Ums, scale bar = 10cm).  B: fiamme-rich drill core 
sample of HVf (sample EN005 170m, scale bar = 1cm).  C: lithic-rich drill core sample of HVf (sample EN006 
176m, scale bar = 1cm). 
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2.2.2.2 Heterolithic crystal-rich lapilli tuffaceous sediments (HVxo) 

Much of this unit comprises variable amounts of euhedral to subhedral quartz and plagioclase 

crystals within a matrix of very fine sediment particles.  Quartz crystals are commonly embayed 

while both quartz and plagioclase grains are often cracked and fractured.  Subordinate amounts 

of andesitic to dacitic rock lithic fragments are locally present.  The grainsize of the crystal and 

lithic components are uniformly around 2 to 4mm in diameter (Fig. 2-5), and typically show 

symmetric normal and reverse graded bedding locally over intervals of several metres.  This 

unit is generally clast supported 

 

The thickness of HVxo can vary between <10m and 25m.  HVxo conformably overlies the lithic 

fiamme Hwangsan Tuff (HVf).  The pervasive alteration that is observed in the underlying HVf 

unit is not observed within HVxo.  Similar layers of HVxo occur throughout the sequence above 

HVf, but these are generally thinner (ca. <5m thick) and less continuous (ca. <20m wide zones) 

than the HVxo layer that directly overlies HVf (Appendix 6). 

 

The graded bedding and clast-supported nature of this HVxo deposit imply a depositional 

setting in either a fluvial or marine environment, rather than by pyroclastic processes.  This may 

have occurred during a period of low volcanic activity in contrast to the explosive volcanism of 

the conformably underlying HVf deposit.   

 

2.2.2.3 Igneous complex one (Ic1 ) 

Ic1 comprises fine-grained glomeroporphyritic and equigranular dacite with plagioclase, quartz 

and biotite phenocrysts.  The primary composition was determined by petrographic analyses of 

thin sections rather than XRF geochemical analysis as this unit is altered to varying degrees.  Ic1 

has only been recognised from diamond drill core at Moisan; it does not appear to be exposed at 

surface.  Typically, Ic1 has undergone at least moderate to strong phyllic alteration and localised 

moderate leaching.  Biotite has been completely replaced by coarse illitic clay and titanite, 

plagioclase has typically undergone at least some degree of alteration to illite, and quartz shows 

minor recrystallisation textures.  In addition, where Ic1 has undergone localised leaching, voids 

have developed and are typically lined by drusy quartz±illite (Fig. 2-6).  At Moisan, Ic1 typically 

occurs above the lower lapilli tuffaceous sedimentary unit HVxo (Appendix 6).   

 

Zones of autobrecciation, fragmentation and brecciation occur on the margins of Ic1 reflecting 

quenching during emplacement.  Hyaloclasite development occurs where Ic1 extrusion margins 

have quickly quenched and fragmented whereas peperite development occurs where Ic1 has 

extruded onto and intruded into wet heterolithic lapilli tuffaceous HVxo sediments.  Glass 

development with localised rare obsidian and devitrification textures also occur locally.   
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Fig. 2-5 Heterolithic lapilli tuffaceous sediment (HVxo).  A: drill core (scale bar = 1cm). B: thin section (XPL; scale 
bar = 1mm).  Both samples are from MS008 129.5m.  Shows the generally clast supported nature of HVxo and 
generally uniform component size of quartz and plagioclase crystals; some quartz crystals are embayed.  Matrix in 
this sample is carbonate-illite altered. 
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Local cross cutting relationships indicate multiple intrusive phases of Ic1, although these are 

quite difficult to distinguish apart individually as they are texturally very similar (Fig. 2-6).  The 

most significant phase by volume is the initial intrusive/extrusive stage that appears to be 

broadly conformable with the underlying HVxo.  Variations in the dip of the tuffaceous 

sediments overlying Ic1 at Moisan suggest that later-stage tectonic and/or intrusive events have 

caused localised doming after deposition of the overlying volcanic/sedimentary rocks 

(Appendix 6; Fig. 2-10).   

 

Ic1 most likely represents a multiphase cryptodome facies that includes both sub-aqueous and 

sub-aerial extrusions.  Fragmentation, brecciation, peperite development and the presence of 

devitrification textures imply a sub-aqueous paleo-setting for intrusion and extrusion.  Ic1 is 

conformably overlain by a sequence of pyroclastic sub-aerial extrusions (discussed in Section 

2.2.2.4), which indicate a sub-aerial paleo-setting for volcanism synchronous to post late Ic1.   

 

The change from the underlying sedimentary units to igneous complex Ic1 possibly represents 

the transition phase between a relatively quiet sedimentation period to a developing explosive 

volcanism phase, manifested as Ic1 and other overlying pyroclastic HV units.   

 

2.2.2.4 Co-ignimbrite volcanic deposit HVci (or where differentiated, HVxi, HVac & HVai) 

Ic1 and HVxo are overlain by a second ignimbrite unit denoted HVci, a co-ignimbrite volcanic 

deposit, which has locally been divided into three typically interlayered sub-members: 

 

1. basal crystal-rich ignimbrite (HVxi) 

2. accretionary lapilli tuff (HVac) 

3. co-ignimbrite ash tuff (HVai)  

 

Crystal-rich ignimbrite (HVxi) is rich in coarse subhedral plagioclase and lesser medium 

grained subhedral quartz phenocrysts.  It is generally matrix supported, though still crystal rich 

with a flow foliation defined by aligned fiamme and clasts.  Occasional clasts of volcaniclastic 

tuffaceous and sedimentary origin have been entrained.  The matrix is now altered to fine-

grained illite with the rock typically dark green in colour (Fig. 2-7).   

 

Accretionary lapilli tuff within an ash matrix (HVac) includes abundant rim-type accretionary 

lapilli, typically 1 to 2cm in diameter, hosted within an ash matrix.  Some accretionary lapilli 

are reworked and/or broken.  Hand specimens are typically dark green in colour from fine-

grained illite alteration.   
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Fig. 2-6 Igneous complex 1 (Ic1) A:  General morphology 
of Ic1 (sample MS008 82.5m; scale bar = 1cm).  B: 
Evidence for multiple intrusions includes crosscutting 
relationships like this (sample MS001 136.5m; scale bar = 
1cm).  C: peperite, formed from generally coherent 
intrusive/extrusive magma/lava mixing with wet sediment 
resulting in peperitic texture of mixed intrusive ± 
sediment (I) and sediment ± intrusive (S) (sample MS001 
186.5m; scale bar = 1cm).  D: Thin section of ‘A’ (XPL; 
scale bar 1mm). 
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Co-ignimbrite ash tuff (HVai) is similar to the underlying crystal rich ignimbrite (HVxi), but 

with less incorporated lithics and crystals.  Where present, lithics and crystals are generally less 

than 2 to 3mm in diameter.  It is matrix supported with a flow foliation defined by fiamme and 

aligned clasts.  The matrix is now fine-grained illite imparting a dark green colour to the rock 

(Fig. 2-8).   

 

The overall HVci sequence differs significantly from the underlying ignimbrite HVf in 

thickness, distribution and extent.  HVci conformably overlies Ic1, is generally less than 10s of 

metres thick and therefore small in volume.  It appears spatially associated with Ic1, and this 

implies a genetic relationship to Ic1.  HVci generally comprises these three interlayered sub-

units.  Similar ignimbrite/tuff units to HVci (or locally HVxi, HVac, HVai) occur elsewhere in 

the upper Haenam Formation, but are generally limited in extent and hence are often mapped as 

undifferentiated HV. 

 

2.2.2.5 Hwangsan mudstone and siltstone (Hms) 

The Hms unit comprises fine to very finely laminated black to grey mudstones with occasional 

siltstone interbeds (Fig. 2-9).  Where size and extent allow, these sediments have been mapped 

as individual units, but generally thin beds of Hms are intercalated throughout the Haenam 

Formation, mostly within the upper Hwangsan Volcaniclastics (following section 2.2.2.6).  Hms 

sedimentary rocks occurring within the Seongsan district contain rare pterosaur prints identified 

during this study (Appendix 6: ca. 262,000mE, 3,825,900mN).   

 

The Hms unit is texturally very similar to the sedimentary units of the Uhangri Formation (Fig. 

2-3 Ums compared with Fig. 2-9 Hms).  However, it is possible to distinguish Haenam 

Formation sediments (Hms) from Uhangri Formation sediments (Ums) by identifying their 

stratigraphic position.  Hms units are higher in the sequence and occur as much thinner 

intercalations within the pyroclastic flow and fall deposits of the Haenam Formation.  The 

Uhangri Formation only occurs below the extensive and easily recognised HVf unit.  The 

intercalation of Hms within the Haenam Formation indicates that there were occasional periods 

of volcanic quiescence that enabled sedimentation to occur in a similar environment to that 

during the deposition of the Uhangri Formation.  Locally, Hms sediments that overlie Ic1 show 

cross bedding, cyclic very finely laminated sediments, bedding slumps and graded bedding (Fig. 

2-10), implying a sub-aqueous depositional environment. 
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Fig. 2-8 MS001.17 Co-ignimbrite ash tuff (HVai).  HVai is similar to HVxi but contains less crystals and lithics.  A: 
drill core (scale bar = 1cm).  B: thin section (XPL; scale bar = 1mm).  Both samples are from MS001 72.5m. 

 

 

 

 

 

Fig. 2-7 Crystal rich ignimbrite (HVxi). A: 
drill core (scale bar = 1cm).  B: thin section 
(XPL; scale bar = 1mm).  Both samples are 
from MS008 57.6m.  Note the development 
of fiamme, the dark green colour of the rock 
and the abundance of crystals and lithics. 
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Fig. 2-9 Hwangsan mudstone and siltstone (Hms).  A: drill core sample of very finely laminated black to dark grey 
mudstone and siltstone units (sample EN002 150m; scale bar = 1cm).  B: outcrop showing small-scale mudstone-
siltstone intercalated laminations with horizontal bedding and internal slumping, most likely due to wet sediment 
thixotropic deformation (sample location •124).   
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Fig. 2-10 Hwangsan mudstone and siltstone (Hms) at surface at Moisan.  A: folding of bedding as a result of post 
deposition tectonic activity (sample location •087).  B: cross-bedding indicating a sub-aqueous environment for the 
deposition of Hms sediments that overlie Ic1 at Moisan (sample location •082). 
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2.2.2.6 ‘Hwangsan Volcaniclastics’ (HV) - undifferentiated 

The Haenam Formation comprises the basal Hwangsan Tuff, an extensive and voluminous 

primary pyroclastic flow deposit (HVf, described previously) and locally by the heterolithic 

crystal-rich lapilli tuffaceous sediments (HVxo, described previously) which are overlain by a 

complex suite of intercalated sedimentary rocks, sub-volcanic intrusions and related acid 

volcanic rocks collectively described and named here as the ‘Hwangsan Volcaniclastics’ (HV).  

These rocks are the predominant rocks exposed at surface within the Seongsan district.   

 

Individual bed contacts are difficult to trace out on surface due to limited continuity of 

exposure, hence detailed stratigraphic correlation of individual units within this upper part of 

the Haenam Formation across the district is difficult.  The overall lateral extent of the HV 

package appears to be continuous, and as such, has been mapped as one unit (Fig. 2-2; 

Appendix 6).  Where differentiated, the following individual units are observed within HV: 

 

Laminated ash tuffaceous sediments (HVlm) comprises predominantly light grey to dark grey, 

finely laminated ash tuffaceous sediments; intercalated siltstones and intercalated, weakly 

graded, sandy, buff-coloured tuffaceous sediments that typically contain black carbonaceous 

flecks.  HVlm can show localised development of stylolaminae and weak to moderate sulfide 

replacement mineralisation along bedding contacts (Fig. 2-11). 

 

Volcaniclastic sandstone (HVs) comprises well-sorted medium- to coarse-grained volcaniclastic 

fragments with minor interstitial carbonate.  The bulk of material is subhedral to angular 

anhedral quartz and plagioclase crystals, pumice, small (<1mm) clasts of HVlm and lesser 

primary biotite now completely replaced by coarse illite and titanite.  Large (>10mm) clasts of 

underlying HVlm are observed rarely.  HVs is characterised by well-sorted, thickly bedded, 

non-graded habit.  It is typically light grey to buff colour in hand specimen.  Lithostatic 

compaction is inferred to be responsible for a weakly developed alignment of some minor 

sedimentary fragments (Fig. 2-12).  

 

Lapilli tuff (HVo) is similar to HVxo but not as crystal-rich.  HVo contains lapilli sized 

volcaniclastic fragments, lesser amounts of coherent porphyritic and medium to coarse-grained 

igneous rock fragments and subhedral crystals of quartz and plagioclase.  It is clast supported 

with weak development of iron oxide stylolaminae around clasts (Fig. 2-13). 

 

The sequence of HVlm, HVs and HVo units typically occur together overlying thick Hms 

suggesting repeated cycles of sub-aqueous sedimentation (Hms) followed by volcanism (HVlm 

and HVs) and then deposition of volcaniclastic rocks (HVo). 
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Fig. 2-11 Laminated ash tuffaceous sediments (HVlm).  A: finely laminated grey sedimentary units with stylolaminae 
separating underlying ash to lithic tuff (sample CH002 207m; scale bar = 1cm).  B: blackish carbonaceous flecks 
within weakly laminated grey tuffaceous sedimentary unit (sample EN002 156m; scale bar = 1cm). 
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 sample (scale bar = 1cm).  B: thin section (XPL; scale bar = 

 

 

 

 

 

Fig. 2-13 Lapilli tuff (HVo). A: drill core sample (scale bar = 1cm).  B thin section (XPL; scale bar = 1mm).  Both 
samples are from EN002 136.5m. 

 

Fig. 2-12 Volcaniclastic sandstone (HVs).  A: drill core
1mm).  Both samples are from EN002 143m. 
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Other units that typically make up part of the Hwangsan Volcaniclastic (HV) sequence include: 

ash tuffs (HVa); lithic tuffs, (HVl); and, pumice tuffs (HVp) (see following).   

 

Ash tuff (HVa) is characterised by variably massive to stratified, fine- to very fine-grained, 

relatively homogeneous ash (Fig. 2-14).  HVa is occasionally porphyritic, with phenocrysts of 

plagioclase set in a very fine-grained ash matrix.  The massive to stratified form of HVa 

suggests it comprises air fall to flow material.  Typically, there is no evidence for a subaqueous 

depositional setting, unless locally recognised such as minor water reworking, weak cross-bed 

development and rare carbonaceous flecks.  HVa can locally be in the order of 50 to 100m thick 

and is typically intercalated with HVl and HVp. 

 

Lithic tuff (HVl) is similar to HVa but includes a greater proportion of lithic fragments with 

minor pumice and can show localised weak to moderate welding.  HVl is variably massive to 

stratified, and is generally matrix supported, but locally where lithic fragments are abundant, 

HVl can be clast supported.  Lithic fragments are typically of volcanic origin, consisting of 

agglomerated ash clasts, tuff fragments, pumice clasts, and lesser, entrained lithics.  Lithic 

fragments are generally sub-angular to sub-rounded and show a common alignment defining a 

flow direction.  The massive to stratified form of HVl suggests it comprises air fall to flow 

material (Fig. 2-15).  HVl can locally be in the order of 50 to 100m thick and is typically 

intercalated with HVa and HVp. 

 

Pumice tuff (HVp) again is similar to HVa but with significant pumice rich zones with minor 

lithics.  Pumice is generally unwelded and uncompacted.  Where leaching has occurred, pumice 

clasts are commonly early reactants, leaving remnant pumice voids (Fig. 2-16).  HVp can 

locally be in the order of 20 to 50m thick and is typically intercalated with HVa and HVl. 

 

The Hwangsan Volcaniclastics represents a complex package of rocks that generally comprises 

a sequence of sub-aerial to sub-aqueous, flow, air-fall and surge deposits of ash to lapilli to 

pumiceous tuffs, tuffaceous sediments and pumiceous, variably lithic, co-ignimbrite flow 

deposits.  These types of deposits are typically products of explosive pyroclastic subplinian- to 

plinian- to phreatoplinian-type volcanism, resulting in volcanic units deposited in a complex and 

dynamic environment.  As such, units similar to those previously discussed, such as co-

ignimbrite units (HVci), and sedimentary units similar to HVlm and Hms can be found 

intercalated throughout the HV sequence.  The intercalated sedimentary units within HV 

indicate periods of quiescence and sedimentation between more explosive periods of volcanism. 
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Fig. 2-14 Ash tuff (HVa). A: drill core sample showing euhedral to subhedral plagioclase phenocrysts in a very fine-
grained ash tuff groundmass.  Phenocrysts now altered to clay.  (scale bar = 1cm)  B thin section of ‘A’ showing 
plagioclase phenocrysts now altered to clay (illite) (XPL; scale bar = 1mm).  Both samples are from CH006 93.5m. 
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Fig. 2-15 Lithic tuff (HVl). A: drill core sample, ash tuff on the left hand side, lithic tuff on the right hand side 
showing a marked increase in amount and size of lithic fragments, (scale bar = 1cm).  B thin section of ‘A’ showing 
lithic tuff in thin section showing clasts variably altered to clay (kaolinite) with other fragments including crystals and 
lithics (XPL; scale bar = 1mm).  Both samples are from EN004 36.3m. 
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Fig. 2-16 Pumice tuff (HVp). A: drill core sample comprising numerous pumice fragments in a very fine-grained ash 
groundmass (scale bar = 1cm).  B thin section of ‘A’ showing leaching of pumice fragments (XPL; scale bar = 1mm).  
Both samples are from CH003 90m and show moderate to strong leaching leaving relic pumice. 
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2.2.3 Discordant Cretaceous sub-volcanic intrusions and extrusions 

2.2.3.1 Igneous complex two (Ic2 ) 

The Ic2 unit occurs in abundance throughout the Seongsan district (Appendix 6; Fig. 2-1) and 

adjacent parts of the Chollanam Province, so field relationships are well constrained.  Ic2 pipe-

like plugs and related flow domes cut the Haenam Formation.  Individual intrusions tend to 

form conspicuous dome-shaped hills throughout the Seongsan district and regionally.  These 

intrusions comprise fine to medium-grained, variably porphyritic dacite and rhyolite.  Contacts 

with adjacent host rocks are marked by zones of flow banding parallel to intrusion/dome 

margins and local auto-brecciation on outer boundaries grading into flow-breccias and strongly 

sheared host rocks with minor peperite formation (sample locations •104 and •227 are key 

localities to see the observed extrusive relationships with host rocks).  The primary composition 

of these intrusions was determined from petrographic analyses of thin sections rather than XRF 

geochemistry since most are altered to varying degrees (Fig. 2-17). 

 

Morphologically, Ic1 and Ic2 are similar with the distinction between these two igneous units 

based on their relative ages of emplacement.  Ic1 appears as a syn-volcanic event conformable 

with the development of the Haenam Formation volcanic pile.  Ic2 and other discordant sub-

volcanic intrusions and extrusions formed after the eruption/deposition of the Haenam 

Formation volcanic pile.  Ic2 is abundant throughout the Seongsan district whereas to date, Ic1 

has only been observed locally in diamond drilling. 

 

Ic2 most likely represents sub-volcanic intrusions and resultant sub-aerial domal extrusions that 

have resulted from post Haenam Formation volcanic magmatic activity.  Advanced argillic 

alteration systems appear to have been focussed around the margins on some of these Ic2 

intrusions and related flow domes (Chapter 3).       

 

2.2.3.2 Mafic dykes (Dm) 

Mafic dykes (Dm) have been observed in three localities within the Seongsan district (Appendix 

6).  Dm dykes are generally only 1 to 2m wide and have been observed cutting HV and Ic2 units 

(Fig. 2-18A).  They are generally fine to medium-grained, mafic in composition (as determined 

from petrographic analysis as this unit is altered to varying degrees), porphyritic and dark grey 

to green in colour.  Where Dm dykes are observed cutting HV and Ic2 within the Ogmaesan clay 

pit, Dm has undergone intense hypogene advanced argillic alteration.  At this locality, Dm is 

dark green in colour and is highly friable.  The hornblende phenocrysts have been completely 

altered to chlorite, with relic plagioclase phenocrysts and relic euhedral pyroxenes with an 

addition of quartz (Fig. 2-18B, C).  
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Fig. 2-17 Igneous complex 2 (Ic2). A: regionally Ic2 forms numerous small dome-shaped hills, such as Ogmaesan.  B: 
outcrop showing intrusive contact, shearing and locally deformed HV units on the margins of an Ic2 intrusion (sample 
location •012; scale bar ca. 1m).  C: rock slab (sample •12.1; scale bar = 1cm) shows weak flow-banding and strong 
iron oxide development.  D: thin section of ‘C’ showing plagioclase phenocrysts in very fine-grained dacitic 
groundmass (scale bar = 1mm).  Note: A, B, C and D sample location shows evidence of previous mining for clay-
sulfate-silica deposits, hence samples show strong pervasive advanced-argillic alteration development and as such, 
primary textures are difficult to distinguish. 
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Fig. 2-18 Mafic dyke (Dm).  A: Dm dyke exposed within the Ogmaesan clay-silica mine.  The Dm dyke is parallel to 
the plane of the photo and wall-cutting but is only ca. 1 to 2m in width (sample location •20; scale bar ca. 5m).  B: 
rock slab from ‘A’ shows a green highly altered sample of Dm in which relict plagioclase phenocrysts are still visible 
(scale bar = 1cm) and C: in thin section showing relic subhedral pyroxene in upper left and lower right and relic 
plagioclase phenocrysts in centre, both now strongly clay-silica altered (scale bar = 0.5mm).   
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2.2.3.3 Altered volcaniclastic debris flow breccia (AVdb) 

The volcaniclastic debris flow breccia (AVdb) is comprised of heterolithic clasts of the 

underlying volcanic and sedimentary units hosted in a fine- to medium-grained dacitic 

tuffaceous matrix.  The matrix is highly friable and green reflecting strong quartz-chlorite-illite 

alteration (Fig. 2-19).  This alteration is confined to AVdb and is absent from the underlying 

units.  Clasts include dacitic lava, tuff, rhyolite and mudstone-siltstone fragments that show 

variable amounts of advanced argillic alteration associated with the development of the clay-

sulfate-silica deposits in the area.  This advanced argillic alteration is not evident in the matrix.  

AVdb overlies various members of the Hwangsan Volcaniclastics (HV) and Ic2 on an angular 

unconformity.  Dacite and rhyolite (Ic2) intrusions and flow domes were emplaced before the 

deposition of AVdb (Appendix 6).   

 

AVdb has previously been interpreted as a thick pyroclastic unit of the Hwangsan Tuff (Kim, 

1991; Koh, 1996) but this interpretation is incompatible with its unconformable relationship and 

at least ca. six years younger age of the AVdb unit (74.2±1.7Ma for AVdb versus 83.1±1.6Ma 

for the Hwangsan Tuff; Kim & Nagao, 1992).  Instead, AVdb is inferred to have been deposited 

during a voluminous explosive volcanic event that postdates the deposition of the Hwangsan 

Tuff and emplacement of Ic2.  The AVdb unit is comparable to that previously identified as the 

‘mega-breccia’ in the Haenam area by Park et al. (1997).   

 

2.2.3.4 Igneous complex three (Ic3 ) 

Ic3 includes ca. 2 to 30m wide rhyodacitic dykes, plugs and flows that show variable degrees of 

autobrecciation and spherulitic texture indicative of a devitrified glassy matrix.  Metre wide 

rhyodacitic dykes typically show flow banding on margins and can locally contain xenoliths of 

adjacent host rocks.  Surface exposures of this unit are generally restricted to the southern part 

of the Seongsan peninsula where several stocks, related extrusions and minor localised 

spherulitic rhyolite lava flows are present (Fig. 2-20).  These intrusions show no evidence of 

any significant alteration.  Ic3 units are observed cutting HV and AVdb units.  Ic3 is interpreted 

to represent a late phase of sub-volcanic intrusions and related sub-aerial extrusions that mark 

the waning of active Cretaceous magmatic activity in the Seongsan district.   
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Fig. 2-19 Altered volcaniclastic debris flow breccia (AVdb) in outcrop showing the highly varied habit of AVdb 
comprised of pebble- to boulder-sized clasts of various underlying units hosted in a fine- to medium-grained dacitic 
tuffaceous matrix that is now highly friable and typically green reflecting strong quartz-chlorite-illite alteration 
(sample location ca. 250m west-southwest of •134; scale bar ca. 30cm).  
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Fig. 2-20 Igneous complex 3 (Ic3).  A: outcropping through AVdb showing that Ic3 intruded after the deposition of 
AVdb (sample location •178; scale bar ca. 10m).  B: close-up of outcrop surface showing strongly spherulitic texture 
indicative of rapid accent and devitrification.  C: rock slab of ‘B’ showing various glassy sections and spherulites 
(sample SS 178; scale bar = 5mm).  D: thin section of ‘C’ showing spherulites in thin section (XPL; scale bar = 
1mm).   
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2.2.3.5 Pebble dykes (Dp) 

Dp dykes are very similar in character to the Hwangsan Tuff (HVf); so much so, that Dp was 

not recognised from drill core but was identified much later from well-advanced underground 

exposures at the Eunsan mine (Miles Worsley, pers comm. Feb. 2004).  Dp dykes are thought to 

have resulted from deeper level magmatism that has been subsequently tapped during syn- to 

post-mineral reactivation of faults allowing injection of pebble dykes locally at Eunsan.  

Currently the timing of the unit is not well known, but field relationships show it cross cuts the 

majority of the Haenam Formation volcanic rocks at Eunsan, but some late-stage mineralisation 

is known to be hosted in this unit. 

 

2.2.4 Quaternary Units 

2.2.4.1 Reclaimed land, colluvium and minor alluvium (Qa) 

The majority of this unit is reclaimed land used for vegetable and rice farming.  No relevant 

information can be gathered from these areas due to the uncertain origins of materials found 

within Qa from the extensive tilling of soils. 

 

2.2.5 A facies model for the Seongsan district: deduced from observed lithostratigraphy  

Locally, Jurassic granitic rocks intrude the basement metamorphic rocks of the Okchon Fold 

Belt.  Following emplacement of the Jurassic granitoid rocks, there was significant uplift and 

erosion resulting in these granites being exposed at surface.  During the Early Cretaceous, there 

was a resurgence in volcanic activity resulting in deposition of the Hwawon Formation volcanic 

rocks.  An extended hiatus of volcanic activity resulted in the deposition of the mature 

sedimentary rocks of the Uhangri Formation.  During this time, dinosaurs, pterosaurs, birds and 

arthropods were active, leaving numerous footprints and trackways.  In addition, plant-life also 

thrived resulting in numerous plant fossils.  Subsequent volcanic activity resulted in the 

deposition of the voluminous and extensive Hwangsan Tuff pyroclastic flow deposit with 

associated subplinian to plinian to phreatoplinian fall and surge deposits.  These deposits grade 

up into the Hwangsan Volcaniclastics, a complex suite of intercalated sedimentary rocks, syn-

volcanic intrusions and related acid volcanic rocks.  This unit makes up the bulk of the exposed 

rocks within the Seongsan district.  Subsequent regional tilting was followed by erosion and 

then the deposition of the angular unconformable AVdb unit.  Intrusion of the AVdb unit was 

followed by emplacement of the Dm, Ic3 and Dp dykes.  Further uplift and erosion resulted in 

the development of the current surface. 
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The principal volcanic units in the Seongsan district are extensive pyroclastic ignimbrite flow 

deposits and their associated subplinian to plinian to phreatoplinian fall and surge deposits.  

Sub-volcanic intrusives, including domes and flows, and associated proximal to distal 

pyroclastic and volcaniclastic deposits formed during later stages in the magmatic history.  

These are all intercalated with various epiclastic deposits including fluvial, alluvial fan, and 

lacustrine sediments.  These observations imply correlation of the volcanic succession in the 

Seongsan district with an ancient continental silicic volcanic facies model (Cas & Wright, 

1987).   

 

2.2.6 Correlation of Cretaceous Bulguksa Series granitoids with igneous rocks of the 

Seongsan district  

Kim & Nagao (1992) separate the Bulguksa Series granitoids into four groups as highlighted in 

Chapter 1, Section 1.3.1.6.  The exact basis on how these groups were distinguished is unclear 

but is presumed to be based on field and textural relationships as these intrusives were mapped 

and grouped before they were age-dated.   

 

As Figures 1-14 and 2-21 show, the ages for these granitoids overlap significantly and cannot be 

readily distinguished by age, especially given the large uncertainties reported for some of the 

age data.  Numerous possible correlations between the Bulguksa granitoids could be made 

based on significant overlap between the various granitoids ages.  Some possible relationships 

between igneous complexes within the Seongsan district and the Bulguksa Series granitoids are 

noted. 

 

The age of Ic1 shows no direct correlation to the Bulguksa granitoids although its age does 

overlap the Jiyoungsan maximum uncertainties in ages of the Jiyoungsan and Weolchulsan1 

granites.  The age of Ic2 is coincident with both the Jiyoungsan and Weolchulsan1 granites and 

also overlaps the age of Weolgangdu quartz porphyry near the maximum age range for this unit.  

Ic3 is possibly the same age as the Jangseong granite porphyry and also overlaps the maximum 

age range of the Weolgangdu quartz porphyry (Fig. 2-21).   

 

In general terms, Ic1, Ic2 and Ic3 show field relationships consistent with their ages having 

broadly similar ranges as several of the Bulguksa Series granitoids.  However, due to the large 

uncertainties in the ages reported for the Bulguksa Series granitoids, direct correlation of Ic1, Ic2 

and Ic3 with individual Bulguksa Series granitoids is not possible. 

 

The Weolchulsan2 granite (age date 2; Kim & Nagao, 1992) shows no correlation to the igneous 

complexes within the Seongsan district (Fig. 2-21). 
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Fig. 2-21 Chronological compilation of previous 40K/40Ar age data by Kim & Nagao (1992) for the host rocks and 
Cretaceous Bulguksa Granitoids within the Seongsan district and more regionally as distinguished within Figure 1-14 
(granitoids: Jiyoungsan, Weolchulsan1 & 2, Weolgangdu and Jangseong).  1 and 2 refer to two ages obtained for the 
Weolchulsan granite by Kim & Nagao (1992), but as the age data are significantly different, they have been 
chronologically differentiated in this figure.  Also included in this figure are the previously dated alteration sericites 
and alunites from the Seongsan and Ogmaesan deposits (combined this figure; see Chapter 4 for further detail) and 
relative timing for the observed igneous complexes of the district (i.e. Ic1, Ic2 and Ic3) as based on cross-cutting field 
relationships, represented by dashed horizontal lines.   

 

Note: Thin vertical dash represents one age date with corresponding thin horizontal line representing the uncertainty 
for that data.  Thick horizontal line represents multiple age data range for a given unit with thin horizontal line 
representing the total uncertainty for that data range.   
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2.3 STRUCTURAL FRAMEWORK OF THE SEONGSAN DISTRICT 

 

2.3.1 Introduction 

The structural framework and associated kinematics of the Seongsan district were determined 

from mapping of surface and underground exposures, and diamond drill hole data.  During 

mapping, no aerial photography, geophysical data or satellite imagery were available due to 

military restrictions on access to this type of data.  Structure contour analysis of stratigraphic 

boundaries and intersections of bedding with topography were used to infer fault positions 

through areas of no exposure.  Several sets of faults have been identified within the district; 

some are seen only in diamond drill core and others inferred largely from structure contour 

analysis.  Faults have been analysed in detail, as they may be important controls on the location 

and shape of the epithermal systems in the Seongsan district.   

 

2.3.2 Nature of faults in the Seongsan district 

Faults range from 500m wide zones to minor planar features a few mm wide.  The wider fault 

zones, such as the Seongsan Fault Zone (Figs. 2-22 & 2-23; Appendix 6) include broad zones of 

brittle fractured rock dominated by cataclasite and massive fault breccias.  Minor planar faults 

are evident from stratigraphic offset with some development of slickenlines.  No ductile 

deformation was observed, such as a penetrative foliation development.  Generally, bedding is 

gently south dipping.   

 

2.3.3 Orientation, continuity, sense and direction of movement on faults in the district 

Faults of the Seongsan district have several preferred orientations and can be traced from a 

metre or so up to several kilometres along strike.  Faults can be divided into four groups on the 

basis of their orientation (Fig. 2-23): 

 

  1. east-northeast-striking, steeply dipping faults 

2. north-striking, steeply dipping faults 

3. east-southeast-striking, steeply dipping faults and  

4. gently south-dipping faults. 

 

2.3.3.1 East-northeast striking faults 

The most prominent zone of east-northeast striking faults in the Seongsan district cuts across the 

southern end of the Seongsan peninsula where it can be traced 2km along strike (Fig. 2-23).  To 

the west, it is unconformably overlain by Quaternary sediments and by the volcaniclastic debris 

flow breccia unit AVdb (Fig. 2-23).  This zone of faults is ca. 100 to 500m wide and is referred 

to as the Seongsan Fault Zone in the following description and discussion.   
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Fig. 2-22 The character of faults within the Seongsan district.  A: example of a narrow north-striking fault plane in 
the Baekam pit (location •234; scale bar ca. 5m), looking north.  The fault cuts gently dipping beds.  Steeply plunging 
slickenlines (not shown) within the narrow zone of cataclasite imply dominantly dip-slip offset.  B: north bounding 
fault of the Seongsan Fault Zone, looking east-northeast along strike, an example of a wide fault zone in the Bukok 
pit (location •213; scale bar ca. 50cm).  The fault shows brittle fracturing and shear/cataclasite development.  C: 
slickenlines associated with the fault plane in ‘B’ imply dominantly dip-slip offset.  Figure 2-22 continued next page. 
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Fig. 2-22 (continued)  D: a narrow steeply south-dipping fault plane at the Moisan prospect looking east.  Bedding 
attitudes change from gently to steeply dipping as the fault is approached from the hanging wall side (right of figure).  
Bedding within 10m of the fault plane in the hanging wall dips ca. 30-50º towards the south, whereas bedding in the 
footwall dips less than 10º in either direction (see also Fig. 2-33).  Steepening of bedding dips in the hanging wall and 
cross section construction from diamond drill core (Section 2.3.3.3) implies that locally this fault underwent a 
component of reverse movement at some time in its history (location •088; scale bar ca. 50cm).   
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Fig. 2-23 Summary structural map of the Seongsan district.  Faults include those observed in outcrop and drill core, 
and others inferred from structure contour analysis.  Bedding attitudes are for the HV unit only and show a general 
gently southwest dipping attitude.  Localised deviations are due to depositional variations, slumping and localised 
faulting.  Note: not all bedding attitudes measured in the field have been shown on this figure.  Rose diagram show 
fault strikes measured in outcrop. 
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Individual fault surfaces within the Seongsan Fault Zone have two dominant orientations.  The 

more continuous dominant faults strike east-northeast and dip steeply to the south-southeast 

parallel to the overall orientation of the Seongsan Fault Zone (Figs. 2-23, 2-24A).  Shorter, more 

discontinuous, sigmoidal shaped east-southeast-striking faults, which dip steeply to the south-

southwest, splay off the more extensive east-northeast-striking faults (Fig. 2-24A). 

 

Gently southeast-plunging clay slickenlines on the short linking faults imply dominantly strike-

slip movement with a minor component of dip-slip (Fig. 2-24B).  Fault surfaces with these 

gently plunging slickenlines typically show abundant clay and/or sulfate developed on their 

surfaces and limited (less than metre scale) development of fractured rock beyond the fault 

planes themselves.  The asymmetric geometry of the overall Seongsan Fault Zone fault array 

implies a sinistral sense of shear with a minor component of north-block up dip-slip during 

development of the gently plunging slickenlines.  Subvertical zones of breccia are localised at 

some of the junctions between the more extensive bounding faults and the shorter east-southeast 

striking linking faults within the Seongsan Fault Zone (Fig. 2-24A).   

 

The orientation of the Seongsan Fault Zone, coupled with the sinistral strike slip movement 

implies the following stress field orientations: σ1 – north-northeast – south-southwest; σ2 – east-

southeast – west-northwest; σ3 – subvertical (Fig. 2-24C). 

 

Numerous steep south-southeast-plunging slickenlines are developed on the more extensive 

east-northeast striking fault planes within the Seongsan Fault Zone.  The orientation of these 

slickenlines indicates a phase of dominantly dip-slip movement (Fig. 2-25A).  Steeper segments 

of the fault surfaces locally lack slickenline development suggesting a lack of brittle abrasion in 

these short jogs, consistent with a south-block down normal sense of shear (Fig. 2-25B).  

Preservation of the gently plunging slickenlines on the short east-southeast-striking linking 

faults implies that they were not reactivated during dip-slip movement.  Fault surfaces active 

during normal movement are strongly sheared and comprise zones of massive fractured 

cataclasite up to 20m wide (Fig. 2-22B).   

 

Normal dip-slip movement on the Seongsan Fault Zone implies the following stress field 

orientations: σ1 – subvertical; σ2 – east-northeast to south-southwest; σ3 – north-northwest – 

south-southeast (Fig. 2-25C). 
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Fig. 2-24 Strike slip movement on the Seongsan Fault Zone.  ‘A’: Seongsan plan view enlargement (Fig. 2-23) 
showing strike of faults with inferred sinistral sense of movement.  The faults are generally steeply dipping, ca. 80º to 
the south; fault line type as per Figure 2-23.  ‘B’: Photo looking ca. northeast on short linking fault within the 
Seongsan Fault Zone, showing gently southeast plunging slickenlines.  The orientation of the slickenlines implies 
dominantly strike-slip movement with a smaller component of dip-slip movement.  The asymmetry of the fault array 
implies a sinistral sense of strike-slip movement (photo courtesy Panther, et al., 2000).  ‘C’: plan view of the 
principle components for the inferred stress field for sinistral strike-slip movement on the Seongsan Fault Zone, with 
σ1 resolved as σ1n - normal stress and σ1s - shear stress on the main fault plane orientations.   
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Fig. 2-25 Normal movement on the Seongsan Fault Zone.  ‘A’: Seongsan plan view enlargement (Fig. 2-23) showing 
strike of faults and sense of normal movement.  Faults are generally steeply dipping ca. 80º to the south.  Faults 
shown in grey do not show evidence for having undergone normal movement, but were active during sinistral strike-
slip movement (Fig. 2-23).  ‘B’: Photo looking ca. northwest on north-bounding fault of the Seongsan Fault Zone, 
showing steep southeast-plunging slickenlines whose orientation implies dip-slip movement.  The lack of slickenlines 
on steeply dipping cm-scale jogs suggests a normal rather than reverse sense of movement (north-block up).  ‘C’: 
plan view of the principle components of the inferred stress field during normal dip-slip movement on the Seongsan 
Fault Zone.   
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Another east-northeast- to north-east-striking fault occurs east of Eunsan.  This fault is poorly 

exposed on surface but is inferred to exist on the basis of drilling results, structure contour 

analysis of the HV, Hms contact, which implies offset of this contact, and variations in the 

strike and dip of bedding as the fault is approached.  The fault is intersected by EN010, which 

appears to have drilled down the fault plane and intersected hundreds of metres of milled vein 

material.  On surface, as the fault is approached from the east, the attitude of bedding within the 

Hms unit changes, swinging from gently dipping, east strike to steeply dipping, east-northeast 

strike (Fig. 2-26).  Structure contour analysis of the intersection of bedding and topography help 

define the faults position and show that bedding orientations change across the fault.  The 

asymmetry of bedding orientation changes across the fault implies a sinistral sense of 

movement.  Other faults within the district that have a similar orientation also show evidence 

for sinistral movement, perhaps as part of the same event.  Intersections of vein infill material 

and outcrop patterns of the AVdb unit imply some movement on this north-east-striking fault 

occurred after vein development at Eunsan and after deposition of AVdb (Fig. 2-26). 

 

2.3.3.2 North striking faults 

Two fault sets with northerly strikes occur within the Seongsan district.  One set of north-

striking faults crops out in the Baekam clay pit where it dips steeply to the east and appears 

confined to the northern side of the main Seongsan Fault Zone (Figs. 2-27, 2-22A, 2-23).  These 

fault planes are steep, generally planar, are defined by a zone of fractured rock and can be 

followed north until the volcaniclastic debris flow breccia unit (AVdb) covers their trace (Fig. 

2-27).  Steeply plunging slickenlines are present on these faults, although they are poorly 

developed compared to those on east-northeast striking faults on the northern side of the 

Seongsan Fault Zone.  The combination of steeply plunging slickenlines and east-side down 

offset of the near flat lying bedding is consistent with a normal dip-slip sense of shear, probably 

at the same time as normal dip-slip offset on the adjacent east-northeast striking faults within 

the Seongsan Fault Zone.     

 

Correlation with the stress regimes for sinistral strike-slip and later normal dip-slip movement 

on the Seongsan Fault Zone would imply that if this fault was active during the early sinistral 

strike-slip movement on the Seongsan Fault Zone, it would have undergone dextral strike-slip 

east-block up movement as a conjugate of the east-northeast-striking faults in the Seongsan 

Fault Zone.  Evidence for this movement if ever present would have been destroyed during 

subsequent normal dip-slip movement.  Normal movement of the north-striking fault is 

correlated with normal movement on the east-northeast-striking faults, with the σ3 extension 

direction likely to trend somewhere between south-southeast and east (Fig. 2-25C).   
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Fig. 2-26  Structure contoured intersections of bedding and lithological contacts with topography east of Eunsan.  
‘A’: simplified Seongsan location map from Figure 2-23, highlighting the area east of Eunsan shown in detail in ‘B’.  
‘B’: analysis of bedding attitudes (HV and Hms units) and exposures (locations •095 and •236) support the existence 
of a fault east of Eunsan that strikes ca. northeast.  See main text for comments on inferred fault movements including 
sense and direction of shear.  Ic2 directly south of Eunsan within AVdb is inferred to be a rafted block within AVdb 
rather than a discrete intrusive.  Ic2 to the east within AVdb is thought to be in place with AVdb draping over it.  
Apparent offset of AVdb is discussed in detail within the main text. 
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Fig. 2-27  North-striking faults.  ‘A’: detailed map of north-striking faults located north of the Seongsan Fault Zone 
(see side inset for location).  Map shows that bedding strikes parallel to the fault plane, as highlighted by bedding 
form lines.  ‘B’: photo looking north along the north-striking fault, location highlighted in ‘A’, which illustrates the 
apparent normal sense of movement on this fault (scale bar = ca. 5m).   
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Another north-striking fault is located east of Ogmaesan (Fig. 2-28).  The existence and position 

of this fault is inferred from structure contour analysis of the HV/HMS contact position, 

intersections of bedding with topography and exposures of brittle fractured rock at location •064 

(Fig. 2-28).  The fault is coincident with outcrops of brittle fractured rock occurring along north-

south trending scarp.  The movement history, sense and direction of shear are not known as no 

outcrop-scale indications were observed. 

 

2.3.3.3 East-southeast striking faults 

East-southeast-striking faults are the dominant faults in the Eunsan, Moisan and Chunsan 

prospects/deposits (Fig. 2-23).  Various styles of quartz±adularia-Au-Ag mineralisation and 

associated alteration are localised along these faults, indicating that they are important controls 

on the location of quartz±adularia style Au-Ag mineralisation. 

 

Eunsan  

Eunsan is hosted predominantly by gently dipping beds of various Hwangsan Volcaniclastic 

units (HV) that show an apparent ca. 50m north-block up offset across the Eunsan Fault (Figs. 

2-23 & 2-29) which dips steeply north to subvertical.  Fault surfaces are characterised by planar 

zones of shearing, cataclasite and vein development.  The stratigraphy, structure and offset 

across the Eunsan Fault are evident from analysis of diamond drill core, cross section 

construction (Fig. 2-29) and structure contour analysis of marker units on either side (Fig. 2-30). 

 

To resolve the sense of movement on the Eunsan Fault, the position of marker units were 

examined in three dimensions across the fault.  The lower Hms bed was selected as it has the 

best constrained positions across several sections.  Cross sections constructed from diamond 

drill core (Fig. 2-29B, C, D) show variations in Hms bedding thicknesses across the Eunsan 

Fault; a situation that cannot develop within a dip-slip only environment.  The Hms unit (Fig. 2-

29) on blocks south of the fault occurs at minus 50mRL (Fig. 2-29B), then at minus 40mRL 

(Fig. 2-29C) and then at minus 35mRL (Fig. 2-29D).  This progression also shows it thinning to 

the east-southeast.  Across the fault, thinner Hms units are juxtaposed against thicker Hms units.  

Structural contour analysis of the location of the basal contact of the lower Hms unit across the 

fault was constructed (Fig. 2-30).  Using the pierce point in cross section of an arbitrary 3.5m 

thick interval of Hms, an absolute net-slip vector can be determined for resolving the sum of all 

movement on the Eunsan Fault.  Figure 2-30 shows that the net movement on the Eunsan Fault 

is ca. 150m of sinistral strike-slip offset with ca. 11m of north-block up dip-slip offset.  The 

apparent change in bedding orientation across the fault implies that some movement on the fault 

may have been accommodated by buckling and open-folding of the adjacent rocks. 
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Fig. 2-28  North-striking fault east of Ogmaesan.  ‘A’: location map for enlarged area shown in ‘B’.  ‘B’: detailed 
map showing the inferred north striking fault.  The presence of this fault is inferred from outcrops of brittle fractured 
rock at location •064 and stratigraphic offset across the inferred fault position, evident from cross section 
construction (EE’, Appendix 6) and structurally contoured intersection of bedding and topography projections.  The 
position of the Hms unit on the east side of the fault has been inferred based on structurally contoured intersection of 
bedding and topography projected from Moisan and Eunsan.  The inferred locations of Hms are offset despite no 
distinct change in bedding attitudes across the fault.     
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Fig. 2-29  Eunsan structural analysis.  'A': location plan map (see Figure 2-23 for location; note: Ic2 is interpreted as a rafted block within AVdb).  'B': cross section looking northwest showing section EN002 and EN005.  'C': cross section looking northwest showing section EN004 
and EN001.  'D': cross section looking northwest showing section EN006 and EN008.  This Figure has been used to determine the sense and offset across the main Eunsan Fault (see text for details).  Alteration and mineralisation zonation at Eunsan will be discussed in detail within 
Chapter 3.  Dashed lines inferred; solid red is fault/vein; solid yellow is carbonate vein; annotation 'F' labels fault; AVdb overlies HV unconformably; lithology labels as per Section 2.2. 
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Fig. 2-30  Structure contour analysis of Hms to resolve net movement on the Eunsan Fault.  ‘A’: plan view of 
Eunsan, with structure contours for the basal contact of the selected Hms unit.  Pierce points from diamond drill holes 
are shown by solid dots, with depths to the basal contact and local thickness of Hms unit in brackets.  A 3.5m thick 
interval was arbitrarily chosen.  For the north-block, the basal contact for a 3.5m thick interval of Hms occurs at the 
pierce point proximal to the fault at the western end (highlighted by the shaded grey area).  For the south-block, by 
averaging the thickness between pierce points, a 3.5m thick interval should occur at the -46m structure contour 
(highlighted by the shaded grey area).  ‘B’: cross section view in the plane of the fault looking north-northeast.  The 
thick line is the intersection of fault with topography.  The pierce points of the basal contact depth for the 3.5m thick 
interval of Hms with the Eunsan Fault are shown with a dashed line linking them.  Based on this analysis, the net 
movement on the Eunsan Fault as highlighted by dashed line, was ca. 150m of sinistral strike-slip with ca. 11m of 
north-block up dip-slip. 
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Fault-vein-spur relationships were examined in order to determine the structural setting for vein 

development, and to help resolve the movement history on the Eunsan Fault.  Steeply dipping 

veins that strike subparallel to the main vein splay off into the footwall (Figs. 2-29D, 2-31).  

The steep dip and parallel strike of these veins relative to the main vein and Eunsan Fault are 

consistent with vein formation during extensional dip-slip movement rather than contraction.  

Preserved vein textures imply that there has been no significant fault reactivation on the main 

Eunsan Fault post vein development.  This observation constrains vein development during dip-

slip movement as the last significant phase of movement on the main Eunsan Fault.   

 

In order to be able to resolve the net movement on the Eunsan Fault (as determined within 

Figure 2-30), with the last significant phase of movement constrained as dip-slip movement (as 

determined above), implies that there must have been an earlier phase of sinistral strike-slip 

movement (Fig. 2-32).  Sinistral movement on the Eunsan Fault likely correlates with sinistral 

movement on the Seongsan Fault Zone, particularly the shorter east-southeast-striking fault 

segments, which still preserve gently plunging slickenlines.  A minor component of reverse 

north-block up movement may also have occurred at this time on the Eunsan Fault (Fig. 2-29D) 

as it probably also did in the Seongsan Fault Zone. 

 

Development of the steeply dipping spur veins likely occurred during later extension that 

probably correlates with normal movement on the other faults described previously.  The lack of 

gently dipping and highly oblique spur veins implies that veining did not occur during the 

earlier sinistral strike-slip wrenching event. 

 

Analysis of the Eunsan Fault geometry during normal dip-slip movement implies the following 

stress field orientations: σ1 – subvertical; σ2 – east-southeast – west-northwest; σ3 – north-

northeast – south-southwest (Fig. 2-36).  The relative timing and the determined stress fields for 

these distinctly different phases of fault movement on the Eunsan Fault are consistent with the 

stress regimes of the Seongsan Fault Zone (Fig. 2-36).    

 

Moisan 

Moisan is hosted by gently dipping beds of various Hwangsan Volcaniclastic units (HV), 

intercalated with conformable dacitic igneous complexes (Ic1).  These rocks are cut by faults 

that define the Moisan Fault Zone, a ca. 50 to 100m wide zone of faults that dips steeply to the 

south (Fig. 2-23).  This stratigraphy, structure and the apparent offset on these faults are 

illustrated in cross sections constructed from diamond drill core and surface mapping (Figs. 2-

33, 2-34).   
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Fig. 2-31 Simplified block diagram showing the Eunsan vein-spur geometry, including a projected horizontal level-
plan view through the intersection of the main vein and spur.  This vein-spur relationship is based on limited 
observations early in the mines development history; however it is supported by the gentle west-northwest plunges of 
the higher-grade lodes at the main vein-spur intersections.   
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Fig. 2-32  Resolving the net movement on the Eunsan Fault.  The net movement on the Eunsan Fault was determined 
previously (Fig. 2-30).  Additionally, the last phase of movement on the fault was determined to be dip-slip (see text 
for details).  In order to resolve a last movement on the Eunsan Fault of dip-slip with the net movement on the fault, 
an earlier phase of sinistral strike-slip movement with a significant component of north-block up dip-slip must have 
occurred.     
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The northern extent of the Moisan Fault Zone is marked by distinct planar scarp faces.  In drill-

core, this fault is defined by well-developed zones of cataclasite.  The location of the southern 

boundary of the Moisan Fault Zone has not been resolved as diamond drilling to date has been 

directed towards the north, and surface exposures do not extend far enough to the south.  It is 

assumed from topography that the Moisan Fault Zone would most likely be less than 100m in 

width.  

 

Cross sections constructed from diamond drill core show both south- and north-block down 

movement has occurred on the faults at Moisan (Fig. 2-33).  The overall geometry in cross 

section resembles horst and graben structures suggesting extension during one or more stages of 

movement on the Moisan Fault Zone.  Additionally, juxtaposed discrepancies in bedding 

thicknesses across the faults (Fig. 2-33) implies that there must have been a component of 

strike-slip movement on the Moisan Fault Zone at some stage as juxtaposition of differing 

bedding thicknesses cannot develop within a dip-slip only environment.   

 

Surface mapping at Moisan shows localised evidence for both normal and reverse (south-block 

up) dip-slip movement.  Reverse movement is evident at surface on the western side of the ridge 

on a southwest striking splay off the main east-northeast-striking north-bounding fault of the 

Moisan Fault Zone (Fig. 2-34).  In this location, bedding attitudes change from gently to steeply 

dipping as the fault is approached from the hanging wall side (south-side).  Bedding within 10m 

of the fault plane in the hanging wall dips ca. 30 to 50º towards the south, whereas bedding in 

the footwall dips less than 10º in either direction.  Steepening of bedding dips in the hanging 

wall and analysis of cross sections constructed from diamond drill core implies a component of 

reverse movement at some time on this fault.  This evidence of reverse movement appears to be 

a localised occurrence as the wider outcrop pattern of flat-lying bedding offset by splays off the 

main north-bounding Moisan Fault (Figs. 2-33A, 2-34A) appears more compatible with normal 

dip-slip in an extensional setting, than earlier sinistral reverse movement. 

 

The geometry of the overall fault array and localised offset of marker units, both in cross section 

and at surface, appears compatible with an extensional setting for the development of the 

Moisan Fault Zone, with a component of strike-slip ± minor reverse movement at some stage.  

Due to the wider and more complex nature of the fault corridor at Moisan and more complex 

stratigraphy (compare Figs. 2-33B & 2-33C), marker beds cannot be reliably correlated across 

faults and between sections to accurately determine a complete movement history as was done 

for the Eunsan Fault.  However, correlation with Eunsan and Seongsan, would suggest that 

strike-slip movement also occurred prior to the extensional event at Moisan. 
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Fig. 2-33  Moisan structural analysis.  'A': location plan map (see Figure 2-23 for location).  'B': cross section looking northwest showing section MS008 and MS001.  'C': cross section looking northwest showing section MS022 and MS021.  This Figure has been used to highlight the 
geological and structural complexity as compared with Eunsan, and to some degree to determine the sense and offset within the Moisan Fault Zone (see text for details).  Alteration and mineralisation zonation at Moisan will be discussed in detail within Chapter 3.  Dashed lines 
inferred; annotation 'F' labels fault; lithology labels as per Section 2.2.   
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Fig. 2-34  Detailed map and photograph documenting localised movement on faults at Moisan.  ‘A’: detailed plan 
map highlights the change in bedding attitudes as the fault is approached; and shows that the fault plane generally 
dips steeply to the south (see Figure 2-23 for location).  ‘B’: photograph (as seen previously in Fig. 2-22D) looking 
southeast showing field relationships of disturbed bedding locally at fault plane (scale bar = ca. 50cm).  Cross section 
construction (Fig. 2-32B) and structural interpretation of fault movements (Fig. 2-34) implies that locally this 
movement comprised a component of reverse dip-slip movement and a component of normal dip-slip movement; see 
text for further details. 
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Chunsan 

Chunsan is hosted by gently dipping beds of various Hwangsan Volcaniclastic units (HV) that 

show ca. 0 to 10m+ south- and north-block down offset across the main Chunsan Fault Zone 

(Fig 2-23).  Individual fault surfaces are characterised by broad zones of shearing and 

cataclasite.  This stratigraphy, structure and apparent offset on faults are illustrated in cross 

sections constructed from diamond drill core (Fig. 2-35).  The Chunsan Fault Zone is marked at 

surface by extensive breccia/cataclasite development.  Diamond drilling intersections of the 

fault zone is defined by well-developed zones of cataclasite. 

 

Cross section constructed from diamond drill core show both south- and north-block down 

apparent movement across the faults at Chunsan (Fig. 2-35).  This apparent offset resembles the 

horst and graben structures seen in cross section through Moisan and suggests extension at some 

stage on the Chunsan Fault Zone.  Minor occurrences of juxtaposed discrepancies in bedding 

thicknesses across faults (Fig. 2-35), implies that there may also have been a component of 

strike-slip movement on the faults at Chunsan.  A detailed analysis of marker beds in three 

dimensions in order to resolve a sense of movement on the Chunsan Fault Zone was not 

possible due to limited drilling data at Chunsan.  However, a similar history of early wrenching 

under transpression followed by extension like that inferred elsewhere in the Seongsan district 

seems likely. 

 

2.3.3.4 Gently dipping faults 

These faults have only been recognised from underground development exposures at Eunsan.  

These faults dip ca. 20 to 45º to the southwest and strike approximately northwest (pers. comm. 

Miles Worsley, Nov. 2003).  They offset stratigraphy and veins and post-date the main stage of 

mineralisation at Eunsan.  Due to no recognised surface occurrences, limited underground 

mapping during this project and limited recognition by mine workers, almost no data for this 

project beyond a few limited personal communications has been gathered on these faults.  As 

such, for this project, as their location can not be unequivocally resolved, they are typically not 

represented within cross sections constructed from diamond drill core data.  Despite this, their 

presence additionally highlights an extensional tectonic stress regime syn- to post-mineral 

beyond that which has been already established. 

 

2.3.4 Timing of fault movement relative to Ic1, Ic2, AVdb and Ic3.  

The Ic1 rocks are offset across faults at Moisan (Fig. 2-33B) indicating that their emplacement 

was prior to the main faulting in the Seongsan district.  Ic2 occurrences show no significant 

offset (Appendix 6), however field relationships (Chapter 3) show that Ic2 must have been 

emplaced pre- to syn-development of the main fault network in the district.  
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Fig. 2-35  'A': location plan map (see Figure 2-23 for location).  'B': cross section looking northwest showing section 
CH002 and CH006.  This Figure has been used to some degree to determine the apparent horst and graben like 
structure at Chunsan (see text for details).  Alteration and mineralisation zonation at Chunsan will be discussed in 
detail within Chapter 3.  Dashed lines inferred; annotation 'F' labels fault; lithology labels as per Section 2.2 (note: 
AVdb within the volcanic pile here does not correlate to the extensive surface deposit of AVdb; additionally, HVf is 
inferred to occur ca. 180 to 200mRL below Chunsan based on district-scale cross section reconstruction - see 
Appendix 6, BB' cross section). 
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AVdb occurrences generally show no faulted offset except for some possible offset of AVdb 

east of Eunsan, although this could have developed by erosion (Fig. 2-26).  This particular fault 

appears to have been reactivated post-mineral development.  Otherwise, there is no evidence for 

faulted offset of AVdb (Fig. 2-23 & Appendix 6) indicating that the emplacement of AVdb 

occurred after both of the main episodes of fault movement in the district.  This is highlighted 

by the fact that AVdb overlying the western projection of the Seongsan Fault Zone shows no 

offset.  AVdb is known to be unconformably emplaced from age data and cross cutting field 

relationships such as these (Section 2.2.3.3).  Ic3 occurrences show no faulted offset and are 

known to post-date AVdb emplacement (Section 2.2.3.4) and as such would also post-date the 

main structural development of the Seongsan district. 

 

Preserved faulting observed within the Seongsan district appears to be confined to brittle 

deformation that post deposition of the volcanic pile (i.e. Hwangsan Volcaniclastics unit HV 

and where present conformable dacitic igneous complexes Ic1).  Observed structural field 

relationships as presented above constrain the development of the structural framework within 

the Seongsan district to being most active pre- to syn-emplacement of Ic2, hence occurring 

during the Late Cretaceous prior to the deposition of the volcaniclastic debris-flow breccia unit 

AVdb (74.2±1.7Ma, Kim & Nagao, 1992). 

  

2.3.5 Structural paragenesis for the Seongsan district 

A structural paragenesis for the Seongsan district based on the inferred stress regimes for the 

prospects analysed in this section is presented in Figure 2-36.  The structural framework of the 

Seongsan district is inferred to have developed under two distinctly different stress regimes, 

characterised initially by wrenching (district-scale stress regime 1; Fig. 2-36) and followed by 

extension (district-scale stress regime 2; Fig. 2-36).   

 

This analysis is based primarily on the Seongsan Fault Zone and the Eunsan Fault where there is 

enough exposure and diamond drill core data to confidently analyse and determine the history 

of the faults.  Both these deposits show that there was an early stage of sinistral strike-slip 

movement, with a component of north-block up dip-slip, consistent with development under a 

wrenching regime.  Subsequently, normal dip-slip movement occurred, consistent with 

development under an extensional regime.   

 

The Moisan and Chunsan Fault Zones were not as confidently analysed, although evidence for 

both strike-slip movement and extensional movement was found.  At these two prospects, it was 

not possible to confidently determine the relative timing of strike-slip and normal movement.   
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Fig. 2-36   
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