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Abstract: 

 

By the early 2000s, the Democratic People's Republic of Korea (DPRK, or North Korea) 

established an underground nuclear test site 17 kilometers north of the village of Punggye-

ri, at the foot of Mt. Manthap in North Hamgyong Province in the northeastern part of the 

country.  To date, North Korea has conducted three tunnel-emplaced (underground) 

nuclear explosive tests: on 9 October 2006, 25 May 2009, and, most recently, on 12 

February 2013. Recent advances in seismic monitoring (in conjunction with information 

from openly available commercial satellite imagery) have made possible the very precise 

determination of the test locations with a resolution of a few hundred meters (See 

Appendix A).1  Such precision raises the salience for a more accurate geologic site 

characterization that could provide:  

 

1. A better understanding of host rock integrity and geologic coupling characteristics, 

2. A means to facilitate a more accurate determination of explosive yields. 

3. A better understanding of event containment and the likelihood of venting, and 

4. An enhanced understanding of the potential radionuclides transport mechanisms 

that might assist in future monitoring and verification of any future tests. 

 

This study was prompted by the need for more precise mapping and characterization of the 

geology of North Korean nuclear test site, given that precise, large-scale (1:50,000 or 

better), ground-survey-sourced geologic maps are entirely lacking for the immediate area 

of North Korea’s underground nuclear test site near Punggye-ri (at least outside of North 

Korea). Information from several sources was integrated in this study, including previous, 

publicly available, ground survey geologic mapping studies (some of which date to the 

1920s and 1930s), United States Geological Survey (USGS) research and reporting in 2008 

and small-scale reconnaissance mapping effort in 2010, coupled with what could be 

derived by application of  LANL-developed geomorphometric analysis methodologies.  

Original commercial satellite imagery-based imagery analysis and 3-D geospatial 

visualization tools and techniques were also employed to further refine the geologic site 

characterization. 

 

The key findings of this study can be summarized as follows: 

Operated by Los Alamos National Security, LLC for DOE/NNSA 
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1. This study demonstrates a low probability for the existence of Precambrian 

(Proterozoic, “Matenrei”) limestone/dolomite in the immediate vicinity of the 

nuclear test site, which also mitigates the likelihood of any prompt venting due to 

non-condensable carbon dioxide gas generation2.  

2. There is sufficient evidence to infer that some sort of lithological boundary 

separates different composition basement host rocks at the foot of Mt. Manthap 

within the main area of the Punggye-ri nuclear test site proper. 

3. The 2006 nuclear test occurred (via the “East Portal”)  in basement host rock 

characterized as highly foliated and highly fractured, either Precambrian Saitoku 

gneiss (as mapped) or  “Meisen schistose granite” probably of Mesozoic/Jurassic age 

(and exhibiting attributes similar to the nearby Saitoku quartz porphyry).3   

4. The 2009 and 2013 tests occurred (via the “West Portal”) in a more competent 

plutonic host rock, either Mesozoic/Cretaceous Tokureido diorite4 (as mapped), a 

very hard rock comparable to granite, or, alternatively, a  less fractured variation of 

a Mesozoic  granite, which, in either case, likely provides better containment and 

better coupling.5  Note: New tunneling at the “West Portal” (subsequent to the 2013 

test) is ongoing, and additional nuclear testing can be expected to occur in that same 

competent host rock sometime in the future. 

5. Such geologic differences could be one possible contributing factor in the prompt 

release of detected radionuclides associated with the 2006 event; and explain why 

the eastern tunnel complex was subsequently abandoned; and provide a reason why 

the 2009 and 2013 events did not vent (apart from a late detection in 2013, possibly 

the result of a post-event reentry in April 2013). 

6. Additional tunneling at a third portal (at the “South Portal”) is evidently located in 

host rock that is similar to that used in association with the latter two tests (but 

perhaps having higher water saturation).  

7. A stratified Quaternary volcanic sequence (likely including basalts, tuffs, and 

rhyolites) is readily distinguishable and forms the top 200 meters of Mt. Manthap 

and includes a thin capping layer of Shintokuri olivine basalt (evident as a 

prominent scarp along the western and northern portion of the test site). This 

sequence lays uncomformably upon the basement rocks situated within the test site 

proper.  

 

Recommendations for future work include a spectral analysis of the most recently 

excavated spoil material from both the “West Portal” and the “South Portal” and the 

recently exposed sections of bedrock on the western slopes using HYPERION hyperspectral 
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data, and to obtain a higher resolution (1 meter) digital elevation model (DEM) to more 

precisely cross-correlate ground survey-mapped areas with non-ground survey-mapped 

areas.  Evaluation of the topography-geology relationship at the NNSS (Nevada National 

Security Site) suggests that a DEM resolution of about 1 meter is required to optimize the 

extraction of terrain characteristics that can be used to characterize the underlying 

lithologies. The application of commercially available high resolution synthetic aperture 

radar (SAR) imagery could also help to shed new light on the underlying lithologies and the 

extent of foliations and fracturing; and, if both pre- and post- test radar imagery for each 

event (including any future events) could be obtained, interferometric coherent change 

detection would likely also reveal subtle surface disturbances yielding even greater 

precision with respect to the event geo-locations.6 
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Preface: 
 

This report is a deliverable product for the Department of State Announcement (BAA) # 

2013-DOS-­AVC-VTRDN, Contract #SIAA13AVCVTT0005, under Work Unit RNAN by Los 

Alamos technical lead David Coblentz and Los Alamos research staff, in support of the U.S. 

State Department’s Office of Verification and Transparency Technologies (AVC/VTT), 

conducted the study for this report jointly. Report authors David Coblentz and Frank V. 

Pabian wish to particularly acknowledge and are indebted to the critical assistance of John 

R. (Rod) Matzko and Peter Chirico of the United States Geological Survey, Reston, Virginia 

for their gracious support in conducting this follow-on study based upon their own path-

breaking research and reporting. 

Introduction: 

 

Precise, large-scale (1:50,000 or better), ground-survey-sourced geologic maps are entirely 

lacking for the immediate area of North Korea’s underground nuclear test site near 

Punggye-ri (at least outside of North Korea), and given that the nuclear test site is a 

sensitive and denied-access site, such maps are unlikely to become available in the 

foreseeable future. The available maps for the test site area are of small scale (e.g., varying 

from 1:500,000 to 1:1 million scale), and include one openly published by North Korea in 

19947.  High quality large-scale (1:50,000) ground-survey geologic maps do exist for the 

neighboring regions around the test site, and include a pair of large scale geologic maps 

(quadrangles) abruptly terminating 12 kilometers south and east of the test site in “folios” 

of Japanese geologic reporting dating back the 1920s and 1930s.  Recent USGS reporting, 

and associated reconnaissance mapping, drew effectively from those sources.  The more 

recent reporting by the USGS (2010) employed a variety of commercial satellite imagery 

datasets to create an extrapolative reconnaissance geologic map of the Punggye-ri nuclear 

test site and environs (see Figure 2). A subsequent Los Alamos National Laboratory review 

of that effort found that while the conclusions pertaining to an inferred lithological 

boundary in the eastern half of the test site are plausible, a second inferred lithological 

boundary (suggesting the presence of dolomite/limestone in an active area of nuclear 

testing) in the western half of the test site is questionable (see Figure 2 and Figure 3). That 

review led to a proposal for additional analysis, which formed the basis for this study, with 

a reevaluation of all available geologic information and commercial-satellite-sourced 

remote sensing data, and integration of these results with a LANL-derived quantitative 
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terrain analysis technique in an attempt to derive a clearer understanding of the geologic 

setting and character of North Korea’s Nuclear Test Site at Punggye-ri. 

Background 

 

Most Proliferation Detection applications employed to monitor clandestine underground 

nuclear tests require a high-fidelity 3-D geologic model of the subsurface (e.g., modeling of 

seismic wave propagation, evaluating potential leakage pathways of radio-nuclides through 

rock fractures, and a priori site characterization and evaluation for treaty monitoring).  

However, our lack of adequate geologic site characterization for denied-access sites 

typically limits 

representations of the 

subsurface geology to 

over-simplified half-

space or planar 

geologic models which 

compromises our 

ability to evaluate 

clandestine tests. There 

is a clear need for 

accurate surface 

geologic maps upon 

which to build 3-D 

geologic models. 

Figure 1 schematically 

illustrates how the surface topography is related to the bedrock geology. 

 

One source of information to constrain the surface geology of a denied-access area is the 

use of commercial satellite imagery for reconnaissance geologic mapping and site 

characterization.  The application of such data specifically for nuclear test sites in denied-

access areas for verification applications is not a new one (see review in Prost, 20138).   

An historical example of the use of remote sensing for geologic characterization was a 

study conducted by LANL9 in 1990 which focused on the Nevada Test Site as a test case and 

integrated the relevant datasets (including remote sensing data, geophysical data, 

geological and geomorphological data) to identify and characterize the geology of a region 

where only incomplete or inaccurate datasets exist (or where direct geological data is 

Figure 1: Schematic of the relationship between subsurface geology 

and surface topography. 
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unavailable or unattainable). This study employed the best available imagery at that time 

which included four primary data sets:  Landsat Multispectral Scanner (MSS, 60 meter 

resolution); Landsat Thematic Mapper (TM, 30 meter resolution); SPOT Multispectral (XS, 

20 meter resolution); and SPOT Panchromatic: (Pan, 10 meter resolution). An important 

conclusion of this study was that despite a limited sensor suite, there was sufficient spatial 

resolution and spectral band positions to make possible the extrapolation of spectral 

reflectance and morphologic information into unmapped regions for lithologic 

discrimination. New procedures for image analysis and thematic map production were 

beginning to be developed and applied to regions for which there is a paucity of a priori 

geologic information.  One method being examined at the time,  

 

“…extrapolates image product and "ground truth" observations from a 

previously mapped region into an adjacent region that has been imaged with 

the same data as the "ground truth" region. The next logical step in the 

progression of remote sensing applications (and one of our primary research 

efforts) is the development of "transportable" image processing techniques and 

feature identification databases that can be used to characterize the geologic 

environment of an inaccessible region for which there is essentially no a priori 

knowledge ("ground truth") of the region's geology.”10 

 

The 1990 LANL study concluded that determination of the local subsurface geology 

requires sound knowledge of the regional geologic setting and that a skilled remote sensing 

geologist with no prior knowledge about the geology of an area can derive a basic regional 

geological model by assessing various factors as physiography, geomorphology, structural 

geology, stratigraphy and lithology, hydrogeology, and vegetation through inferences 

drawn from both spectral and spatial analysis.  Identifications could be derived directly 

based upon spectral signature (ideally when bedrock is exposed) or through pattern 

recognition (subjectively by inspection using terrain analysis,11 or, more objectively, using 

image processing algorithms).  As the authors point out:  

 

“Drainage patterns can provide substantial information on the nature of 

rock outcrops, e.g., lithology, surface slope, age, and weathering 

processes that have affected the outcrop.  Likewise, the assessment of 

geographic context and morphology (landform shape and relief) has 

aided geomorphologists in the identification of landforms and in the 

interpretation of geologic landscapes.”12   
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This preliminary work has established the fundamental methodology for geologic site 

characterization of denied-access locations. 

 

Following North Korea’s first nuclear test at the Punggye-ri test site in October 2006, 

geologists at the United States Geological Survey (USGS) applied these principles and 

undertook a review in 2008 of all available geological information of that area.13 They 

found that a large-scale geologic map was lacking for the area immediately encompassing 

the Punggye-ri nuclear test site.  Although official North Korean Geologic and Tectonic 

maps were published in 1994 that cover the entire Korean peninsula, both were produced 

at only 1:1 million scale.  The small scale of these maps, along with some notable 

inconsistencies, limited their utility for detailed geologic site characterization of the 

nuclear test site.  As a result, in 2010, the USGS conducted a remote sensing reconnaissance 

mapping study to arrive at a clearer and more accurate understanding of the geologic 

setting of the North Korean underground nuclear test site.14   That study involved an 

interpretive extrapolation from a combination of three larger scale (1:50,000) geologic 

map folios (quadrangles covering areas south, southeast, and east of the test site produced 

in the 1920s and 1930s by the Japanese15) together with both low resolution (varying from 

15-90 m) Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) 14-

band multispectral satellite imagery and GeoEye high resolution (1.8 m MS and .44 m PAN) 

commercial satellite imagery.  Spectral analysis was also conducted using the ASTER 

imagery, and surficial geomorphic comparative analysis was based on the global digital 

elevation model (GDEM) generated from the ASTER imagery through a joint effort with 

NASA and Japan’s Ministry of Economy, Trade and Industry (METI).  The USGS study 

acknowledged the limitations of the resultant extrapolations (particularly given stated 

limitations associated with the spectral profile analysis) for geologic mapping of the 

nuclear test site proper, but nonetheless concluded: 

 

“While this interpretation relies heavily on subjective qualitative 

interpretations of the structural and spectral characteristics of the 

geology, it remains the best approximation that can be made with 

the available information.” 

 

One of the problematic features of the USGS mapping is the close proximity of an inferred 

geologic boundary between diorite and dolomite/limestone rock (see 
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Figure 2  and Figure 3) to the 2009 and 2013 underground nuclear test epicenters, which is 

at odds with the strong likelihood of containment failure near such an interface2.  

Furthermore, there has been no established basis for understanding the possible 

radioactivity venting mechanisms for the 2006 test, as compared to the higher yield 2009 

test which did not leak (beyond the argument that larger tests are more likely to create 

“stress containment cages”16).  Nor had an objective basis been established for determining 

the likelihood of such venting occurring as a result of any future nuclear testing in the area.  

 

This study is the first to address these issues specific to Punggye-ri Nuclear Test Site 

geology.  We integrate subjective inspections involving commercial satellite image analysis 

with an objective quantitative “geomorphometric” approach that extracts the terrain 

characteristics that are indicative of the underlying geology.  Additional information used 

in this study includes more recently available open-source geospatial information about 

the locations of the test events, quantitative image processing techniques, and the 

availability of a high resolution (5-meter) digital elevation model (DEM) for the site. 
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Figure 2:  USGS reconnaissance based geologic interpretation (incorporating ASTER 

spectral data)  

Upper: USGS extrapolated geologic map for the Punggye-ri nuclear test site.    

Lower: Close-up of the USGS geologic map overlain on Google Earth.  Image has been tilted 

to view in perspective looking north (epicenters as determined from reference #1).  

(After Chirico, 2010, p. 11) 
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Figure 3: ASTER imagery data for the Punggye-ri nuclear test site.   

Upper: Coverage of the ASTER data used to derive the USGS geologic map of the 

Punggye-ri nuclear test site.   

Lower: Details of the USGS PCA map using ASTER imagery illustrating the lithologic 

boundary between inferred geologic units. Note the two lithologic units have no 

discernible differentiation in the area closest to the 2009 epicenter (from Chirico, 2010, 

p.13). 
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Regional Geological Setting 

 

The following description of the regional geological setting is excerpted from an 

unpublished Summary Statements, Geological Atlas of Chosen, Folios 3, 4, and 14 by John R. 

(Rod) Matzko of the US Geological Survey on  27 Aug 2008. 

 

“The FY08 study of the geology at the location of the North Korean 

underground nuclear test of October 2006 suggests that the test occurred 

in Jurassic-aged granite of Mt. Manthap in the northeastern part of the 

country. A North Korean geologic text states that Manthapsan is a 

multiphase intrusion into carbonate rocks of the Puktaechon Series, 

dipping 40 to 70 degrees towards the country rock. The first phase 

consists of diorite and quartz diorite; the second phase is mainly granite; 

the third phase is mainly alaskite.  Mt. Manthap is part of the very large 

Kwanmobong batholith of the Hyesan Complex, related to the Songnim 

tectonic Movement. 

 

Structurally, the area of the test site occurs within the Machollyong 

Massif, which is sandwiched between the Rangnim Massif on the west and 

the Kwanmo Massif on the east. The Rangnim and Kwanmo Massifs were 

originally one structure; they became separated by an ancient rift-type 

geosyncline into which the thick carbonate rocks of the Matenrei (or 

Puktaechon) Series accumulated. The Machollyong Massif was subjected 

to tectonic movement during the late Lower Proterozoic and again during 

the Mesozoic, folding and fracturing the existing rocks. The Songnim 

movement also introduced the Mesozoic granitic rocks into the region. 

 

The majority of rocks mapped in the area of the test site are low porosity 

granitic, basaltic and rhyolitic rocks with associated tuffs, and 

metamorphic rocks, with lesser amounts of sedimentary rocks. The 

metamorphic rocks are mostly schists, fewer types of gneiss, and some 

metamorphosed sedimentary rocks such as marble and quartzite. 

 

A widespread, thick carbonate sequence (the Matenrei or Puktaechon 

Series, of Lower Proterozoic age) is mapped to the south of the test site 

(Folio 14); a small-scale map shows these rocks surrounding Mt. Manthap. 
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The carbonates are of interest because of the potential containment 

problems they present, and their presence may limit the locations of 

future tests in this region. The large-scale maps also indicate that blocks 

of carbonates are preserved within the granite masses as roof pendants. 

 

The large-scale geologic maps (available only for the areas south and east 

of the test site) also show wide distribution of geologically young 

(Quaternary and Tertiary) acidic (rhyolitic) and mafic (basaltic) volcanic 

rocks in areas south of the test site; the youngest have been dated to the 

Pleistocene. The relatively low resolution maps (small scale) 1:1 million 

scale maps (which do cover the area of the test site) likewise show 

extensive development of Quaternary mafic volcanic rocks to the north 

and west of the test site along an Achaean plutonic boundary (granite) 

within the test site proper.” 

 

Figure 4 shows the extent of the Japanese geologic mapping from the 3 key Japanese 

“Folios” (Nos. 3, 4, 14) located closest to the Punggye-ri nuclear test site as overlain by 

Buttleman and Matzko onto the smaller scale North Korean geologic map from 1994. The 

key point is that the compilation corroborates the existence of both Precambrian 

(Proterozoic) carbonates (dolomite/limestone) and Tokureido diorite (labeled Cretaceous 

age) being present just south of the test site.  The small scale 1994 North Korean map does 

not show either of those rock types continuing north into the test site proper.  However, 

the “Tanchon Complex Jurassic granite” on the newer small scale North Korean maps 

appears to be one and the same as the unknown age, but likely Jurassic,  “Meisen schistose 

granite” shown on the older large-scale Japanese maps.  A joint North Korean/Chinese 

report from 200917 includes a very small scale map, which similarly identifies the area of 

the nuclear test site as being situated in the “Middle Jurassic Tanchon Complex,” apparently 

granite, next to “Neogene volcanic rocks,” again consistent both with the Japanese mapped 

Shintokuri basalt and volcanics and 1994 North Korean mapping. 

 

It should be noted that, on the 1994 country level geological map, the North Koreans also 

show a northwest-southeast trending fault that terminates just west of Mt. Manthap and 

likely through the area now accessed by the “South Portal”.  We can neither confirm a fault 

at this location nor provide insights on any potential impact such a fault might have with 

regard to future testing in association with the “South Portal.” However, the nearly straight, 

north-south trending valley between Punggye-ri and Mt. Manthap is at least suggestive of 
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possible local faulting. Nonetheless, in general, the Punggye-ri/Mt. Manthap region is in an 

area of low natural seismicity.18  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Details of the geological folios 3, 4, and 14.  

 

 

From of the Geological Atlas of Chosen superimposed on the 1:1M scale geologic map of 

Korea (Central Geological Survey of Mineral Resources, 1994).  The Punggye-ri nuclear test 

site is indicated by the red star near Mt. Manthap with a NW-SE trending fault just beneath 

it. (After Buttleman and Matzko, USGS, 2008, p.9) 

Folio 3 

Folio 4 

Folio 14 
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Summary of Reconnaissance Mapping Methodologies 

 

Various reconnaissance mapping methodologies were employed in the creation of the 2010 

USGS geology map of the Punggye-ri nuclear test site by Peter Chirico, who noted:   

 

“…interpretations were made to correlate the previously mapped geologic 

units to area where no geology data was available.  To extend the geologic 

map data into the unmapped area, the spectral analysis, Principal 

Components Analysis (PCA), and DEM data were interpreted with the 

previously mapped folio mapped information.” 

 

Building upon this effort, we have employed additional reconnaissance mapping 

methodologies that include correlation with new geomorphometric information as derived 

from a 5-meter Digital Elevation Model (DEM) of the area supplemented with high 

resolution Digital Globe commercial satellite imagery (as visualized in 3-D perspective 

using Google Earth), and integrated with recently published detailed geo-positional 

information on the Punggye-ri nuclear test site..  This approach provides a more objective 

basis for identifying lithologic units and their boundaries such as are present on the USGS 

reconnaissance geology map between the mapped Mesozoic diorite (generally more 

competent rock as manifested by a dendritic (branching) drainage pattern) and mapped 

Precambrian gneiss (which could be subject to a greater degree of fracture, hence less 

competent, and generally manifested by a more angular drainage pattern). (See Figure 5 

and Figure 6).  
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Figure 5: Subjective manual terrain analysis with respect to the openly identified event 

locations for the three North Korean underground nuclear tests conducted to date. 

The drainage pattern suggests a differential stream pattern consistent with two different 

rock types along a lithologic boundary as inferred and mapped by the USGS and separating 

the two types of host rock associated with underground nuclear testing. 
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Figure 6: Schematic of the relationship between geology, terrain character 

and drainage patterns. 
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In general, geomorphic landscape features reflect the interplay between tectonic-

associated processes of uplift and climate-associated processes of erosion.  The underlying 

geology controls the character of the landscape for both of these processes. Recent 

advances in the field of geomorphometrics (defined as the science of quantitative land 

surface analysis19) provides a methodology to quantitatively measure landscape features 

and provide an objective approach for evaluating the geology (e.g., rock type, fault and 

fracture distributions) that influence the character of landscapes.  

 

Our approach to quantitative terrain analysis is based on three methodologies: 

1. An eigenvalue analysis which provides information about the topographic 

organization and shape factor (a measure of the strength of the dominant linear 

fabric to the terrain). 

2.  A measure of the surface roughness based on the “rugosity” of the surface - 

calculated by computing the average elevation change between a grid cell and the 

eight neighboring grid cells.20   

3. Correlation of the surface drainage network with the bedrock geology and structure. 

 

This information is then integrated with data collected by various remote sensing 

platforms and mapped and visualized with Global Mapper and Google Earth (together with 

correlation of available regional geologic maps of the area to refine the geologic site 

characterization).   

 

Figure 7 provides a high resolution (5-meter) digital elevation model (DEM) map of the 

Punggye-ri nuclear test site that was generated as part of this study to examine the various 

stream drainage patterns as an expression and potential indicator of the underlying 

geology. Most readily identifiable are the feather-like patterns arising in the nearly flat-

lying basalt layers. The Oligocene age Ryudo (Yongdong) alkalic basalt in the lower right 

(southeast) corner of the map is clearly distinguishable from the Quaternary Shintokuri 

olivine basalt that encompasses the test site on the top and left (western and northern 

sides).  

 

Figure 8 shows the rugosity (or surface roughness) of the test site as determined from the 

elevation data.  The Shintokuri basalt cap stands out sharply in dark blue on the west and 

north, while the mapped probable dolomite/limestone roof pendant appears as a light blue 

ovoid near the bottom center.  
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Using a correlation algorithm to relate surface roughness to terrain types30, the base 

terrain types of the NK Test Site provide insight into the geologic setting.  Figure 9 

illustrates the distribution of the three lowest terrain type orders (measure of surface 

roughness).  The lowest order terrain maps the distribution of basalt caps (primarily the 

Shintokuri olivine basalts) and the alluvial drainages. The higher order terrain (Figure 9, 

lower) highlights the distribution of fractured crystalline rock (granites and diorites) and 

shows how the Punggye-ri nuclear test site is located at the northern extent of these 

rougher and deformed rocks.  The complete terrain map (Figure 10) illustrates how the 

region of high terrain complexity (rough topography generated by fractured and foliated 

schists and gneisses) extends up to the area of the NK Test Site.  Capping basalts and 

volcanic layers mask the northern most extent of the basement rock terrain type, but it is 

reasonable  to assume that it continues northward under the basalt and volcanic layers. 

 

Fine-tuning of the terrain type map and conversion to a plausible geologic map requires the 

incorporation of additional information.  For example,  

 

 

 

Figure 11 illustrates the synthesis of the topographic data and the surface roughness 

information to further delineate the location and extent of a limestone pendant.  At present, 

this “data fusion” step is achieved by visual inspection by a trained spatial analyst.  It 

remains as much art as science at this point. Future work would include additional 

automation of this step. 

 

Our final geologic synthesis map of the Punggye-ri underground nuclear test site is shown 

in Figure 12 (overview) and Figure 13 (close up).  These maps combine all of the available 

information and are the product of both computer-automated analysis routines and fine 

tuning by geologic analysts.  

 

Our geologic interpretation confirms that the test site is bordered on the west by the 

eastern limit of the Quaternary “Paektusan Volcanic Plateau” (Also known as the Kaima 

Plateau21) consisting of  a sequence of horizontal volcanic strata including the Shintokuri 

olivine basalt sourced to the Paektusan (a.k.a. Baitoushan, Hakutosan, Mt. Changbai) 

volcano, located approximately 110 kilometers northwest of Punggye-ri on the North 

Korea/China border having geographic coordinates of 42°06 N and 128°04 E. That 

stratified volcanic sequence (and likely tuffaceous ash falls) forms the top 200 meters of 
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Mt. Manthap and includes a thin capping layer of basalt that forms a prominent scarp along 

the western and northern portion of the test site. Dating from about 1.4 million years ago22, 

the sequence lays uncomformably upon the basement rocks situated within the test site 

proper.  

 

Rockslides, consisting of greyish basalt talus and scree, extend downslope at multiple 

locations from a break in slope that marks the unconformity boundary. Erosion channels 

are most prominent beneath gaps in the otherwise generally protective basalt cap and 

escarpment.  Severe flooding in the late summer of 2012 caused marked erosion scars 

which contributed to downslope scouring of the major steam beds along with adjacent 

vegetation that exposed bare bedrock in many places within the test site proper (thereby 

providing new candidate sites for future hyper-spectral analysis).23   

 

The main area of the test site tunneling underlying these volcanics is situated in the 

basement rocks, most often described in available reporting as either Jurassic-aged granite, 

(e.g., “Meisen schistose granite,” see reference 3), but more likely consisting of a variety of 

rocks in including granite, diorite, gneiss, and possibly quartz porphyry.  These basement 

rocks form a large south sloping and eroded drainage basin.   

 

The eastern portion of the test site, which has been associated with North Korea’s first 

nuclear event in 2006, exhibits numerous highly foliated and likely highly fractured, 

outcroppings. Although we have tentatively mapped this lithologic body as an extension of 

the Saitoku gneiss consistent with Chirico, we also cannot yet rule out it being a western 

extent of the “Meisen schistose granite,” which would also be consistent with the small 

scale 1994 North Korean origin geologic map.  It should be noted that, according to the 

Japanese geologist, Yoshio Kinosaki, the rocks of the Precambrian Matenrei System (that 

include the Saitoku gneiss and the dolomite/limestone) are not only “intensely comingled 

with each other, but also intruded by so many dikes and lit-par-lit injections of various 

rocks such as aplite, pegmatite, schistose granite, and schistose diorite, that they cannot be 

differentiated on the maps.”24 In any case, the host rock for the 2006 underground nuclear 

test is highly foliated, and likely highly fractured, which might help to explain the prompt 

venting of radioactivity detected outside of North Korea following that event.25   

 

The western portion of the test site proper, which can be associated with both the 2009 

and 2013 underground nuclear tests, has been tentatively identified and mapped as 

Tokureido diorite, although we cannot yet rule out a less foliated and fractured version of 

the Meisen schistose granite (or perhaps slightly younger Mesozoic granite like the 
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Sentoku). In either case, based on our geomorphometrics-based analysis, the host rock 

directly under Mount Manthap is very likely a hard and competent one, more like diorite or 

more typical granite, and thus likely a good choice for containing underground nuclear 

explosives tests.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: 5 meter DEM and drainage 

pattern for the Punggye-ri nuclear 

test site.  

Upper: A high resolution (5-

meter) digital elevation model 

map of the Punggye-ri nuclear test 

site showing the test locations and 

relative locations of the tunnel 

portals.  Lower: Stream drainage 

patterns derived from the 

topographic surface. Variations in 
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the drainage patterns can be related to the underlying geology. 

Figure 8: Rugosity (topographic roughness) of the Punggye-ri nuclear test site. 

Rugosity is calculated from the elevation data and algorithmically derived near neighbor 

grid comparisons20. 
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Figure 9: Map of three lowest order terrain types. 

Flattest Terrain: 

Basalt caps and alluvial drainages 

Terrain Types 0, 1, and 2 differentiate 

the terrain into three principal rock 

types: Basalt/Alluvium, intermediate 

Volcanics and Talus, and Basement 

Crystalline Rock 

Test site 

Test site 

Shintokuri  

Olivine Basalt Alluvial  

Drainages 

Basement 

Crystaline Rock 
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  Figure 10: Complete terrain mapping for the Punggye-ri nuclear test site. 
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Figure 11: A combined rugosity (surface roughness) map and drainage map for the 

Punggye-ri nuclear test site. 

Upper: The derived stream drainage map is shown in perspective on Google Earth. The 

probable dolomite/limestone “roof pendant” stands out in the lower left center of this 

combined image. Lower: Terrain types overlain on drainage map, again showing the 

unique cohesive qualities suggestive of a dolomite/limestone “roof pendant” inside the 

yellow oval. 

Probable dolomite/limestone roof pendant 
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Figure 13: The 

derived local large 

scale geologic map of 

the Punggye-ri 

nuclear test site.   

 

 

Lower:  Small-scale 

reconnaissance-based 

USGS geologic map for 

comparison. 
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Figure 14: Ground photos of the highly fractured Saitoku quartz porphyry. 

 

Ground photos taken circa 1932 of the highly fractured Saitoku quartz porphyry of the 

Cretaceous-Jurassic age. Given the location information regarding the rock pillar in the 

Japanese Folio #4 (2 kilometers west of Saitoku (now Punggye-ri)), it was possible to locate 

the rock pillar outcrop on Google Earth. 
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Figure 15: Google Earth overlay of the foliation patterns near the Punggye-ri nuclear test 

site. 

Highly foliated (and likely highly fractured) outcrops along the ridge associated with North 

Korea’s first underground nuclear test in 2006 as observed on Google Earth in 3-D 

perspective looking north towards Mt. Manthap. Both our mapping and that of the USGS 

previously identify this as Saitoku gneiss.  However, a strong case can also be made for this 

being the “unknown age” (probably Jurassic) “Meisen schistose granite” (see discussion in 

text).  
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Figure 16: Google Earth image of a rock pillar in comparison with one identified in inset 

photograph obtained circa 1932 just west of the village of Punggye-ri . 

A prominent rock pillar, not unlike the quartz porphyry pillar (shown in the inset), is 

located near the “East Portal.” This portal was associated with North Korea’s first 

underground nuclear test (in 2006). The dashed line marks and inferred lithologic 

boundary.  
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Figure 17: Differential coloration of excavated spoils at the tunneling locations of the 

Punggye-ri nuclear test site.  

Coloration variations and differential erosion across the inferred lithological boundary 

provide additional evidence of different underlying host-rocks.  
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Discussion 

 

Several topics of interest relevant to the North Korean Test Site can be reexamined given 

the results presented above. 

 

1. Carbonate Rocks in the Vicinity of the Punggye-ri Nuclear Test Site? 

 

This study provides an objective basis for evaluating the plausibility of dolomite/limestone 

units in the immediate vicinity of the 2009 nuclear test epicenter (as suggested by the 

results of the USGS ASTER image evaluation).   Our conclusion is that there is little evidence 

to support the existence of such a distinct lithologic boundary bifurcating Mt. Manthap near 

the 2009 nuclear test event epicenter.   According to Buttleman and Matzko: 

“Of particular interest in the area of folio 14, located just 14 km south of the 

test site, is the widespread occurrence of thick carbonate rocks and the 

containment difficulties they present. … The atlas series also indicates that 

blocks of carbonates are preserved within the granite masses as roof pendants; 

these pendants occur within granites mapped in all three folios, though they 

are relatively uncommon. Although no carbonates are shown in the immediate 

area of the test site on the small-scale geologic maps available, the differences 

in the maps suggest some uncertainty as to the extent and proximity of the 

carbonates to the site, and even the possibility of roof pendants within the 

Mesozoic (Jurassic) granites of the Mt. Manthap area. While there is presently 

no evidence that the nuclear test of October 2006 was conducted in carbonates, 

their presence may limit the locations of potential future tests in this region.” 

Although we have found little evidence to indicate the presence of carbonate rocks 

(dolomite/limestone) in the immediate vicinity of the test site proper, by employing 

“geomorphometrics” and visual inspection of commercial satellite imagery, we did find 

evidence of one likely “roof pendant” (Figure 8 and 11), which may have also served as the 

location of a former limestone quarry.  From our analysis, together with previous USGS 

reporting, we found agreement with the small scale North Korean geological map from 

1994 which shows the northernmost extent of a main block of dolomite/limestone is also 

the location of an active limestone quarry.  This quarry was first identified as likely being 

for limestone by Chirico based on spectral analysis of ASTER multi-spectra imagery in 

combination with interpretation of commercial satellite electro-optical imagery in 2010.26   



 

36 
 

It could also be argued that since this is the closest observed limestone quarry to the 

underground test site, it is unlikely that a source of limestone is present any closer to the 

test site proper. Limestone is an important ingredient in cement, a commonly used material 

either alone or mixed in concrete for reinforcing tunnel walls and/or for emplacement 

purposes (Pakistan was reported to have sealed its nuclear test tunnel at Ras Koh with a 

mixture of sand and 6,000 bags of cement in 1998)27. If such a source of limestone were 

readily accessible closer to the test site, then it would likely have been tapped to limit 

transportation costs in terms of time, distance, and diesel truck fuel. 

 

2. Rock Type at the North Korean Underground Nuclear Test Site 

In assessing the regional geologic setting, Buttleman and Matzko point out: 

 

 “In general, low porosity, dense, massive rocks such as granite…offer good 

environments for underground nuclear tests. The tectonic history of this area 

suggests, however, that rocks pre-dating the Mesozoic Songnim movement have 

suffered deformation from this movement, and are folded, sheared, and 

fractured, thus reducing the integrity of the rocks. The ground photographs 

provided in the atlas suggest that many rocks, including those post-dating the 

Songnim tectonic movement, might be highly fractured and thus complicate 

containment, and require adequate technical remediation.”28 

Murphy, et al., 2013, similarly put it this way,  

“Little information is available from published sources on specific details of the 
rock types and their properties in the vicinity of the NK test site.  Smaller scale 
geologic maps…for the Korean peninsula indicate the presence of Achaean 
(3950-22500 Ma) (millions of years ago) and other Precambrian (>540 Ma) 
basement rocks in the general vicinity of the test site along with Mesozoic 
(Jurassic-Triassic, 250-145 Ma) intrusive igneous rocks , as well as Cenozoic and 
Quaternary (<2.5 Ma) (extrusive volcanic rocks extending toward the test site 
area from Mount Changbai and adjacent areas to the northwest (Steinshouer et 
al., 1997). Best estimates indicate that most rocks in the NK test site area are low-
porosity, dense, intrusive and extrusive igneous rocks, including granites 
(considered the most likely source rock), basalts, and rhyolites, which are 
Mesozoic or younger. These are viewed as providing the best environment for 
containing nuclear explosion tests; rocks older than Mesozoic tend to be more 
fractured and less competent. Thus, the surface rock types identified from the 
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limited available literature sources for the NK test site area suggest competent 
hard rocks, consistent with the inference that the nuclear tests were conducted in 
“good coupling” media.29 

 

Our analysis identifies evidence of potentially highly fractured rock near the “East Portal.”  A 
comparison of available ground photos of the highly fractured Saitoku quartz porphyry near the 
village of Punggye-ri with outcrops in the eastern portion of the test site is made possible with 
commercial satellite imagery as is available on Google Earth (Figure 12, Figure 13, and Figure 
14). The rocks in the eastern portion of the nuclear test site proper are exposed as highly foliated 
and broken outcrops and thus also likely highly fractured, and the foliations are somewhat 
consistent with a description for the “Meisen schistose granite”. 30  

Based on reporting by the Japanese geologist, Iwao Tateiwa, the Meisen schistose granite is 

part of the regional intrusive basemental system described as being of unknown age (but 

labeled by others as Mesozoic/Jurassic).   Tateiwa described these rocks in some places as 

having been “intensely pressed” and that the “strike and dip of their schistosity plane, 

which is obviously of the pre-Tertiary, are variable as shown in the geologic maps.  Overall, 

these planes strike NW-SE and dip sharply to the northeast or nearly vertical.” This 

orientation is consistent with the foliations observed in the outcrops in the eastern portion 

of the Punggye-ri nuclear test site, as visible on Google Earth, which also strike NW-SE 

(~300-120 degrees) and also dip steeply (~65 degrees), albeit to the southwest. 

While the lithology of the eastern portion of the Punggye-ri underground nuclear test site is 

expressed in highly foliated rock outcrops and at least one prominent rock pillar, the 

western portion is more subdued with somewhat more rounded slopes with a less angular 

dendritic stream pattern more indicative of a non-foliated granite or diorite. When we view 

the test area in the vicinity of the tunnel portals, another possible indicator of lithological 

differences appears across the inferred geologic boundary.  Figure 16  at least suggests that 

the host rock that has been excavated from the “East Portal” is somewhat darker grey than 

the excavated host rock from either the “West Portal” or the “South Portal” which appear to 

be lighter grey in color.  

Such potential differences in lithology between the host rock accessible via the “West 

Portal” and that accessible via the “East Portal” may also help to explain why the “East 

Portal” has been abandoned. That the “East Portal” has indeed been abandoned is  

evidenced by the removal of all but two buildings outside the portal31, the lack of any 

vehicular track activity, and most importantly, that no road or bridge repair work of any 
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kind has been observed following the heavy flooding of the test site in the summer of 2012.  

Contrariwise, such repair work has been regularly observed at both the “West” and “South” 

portals, with mining and vehicular activity ongoing in association with those portals. 

3. Containment Factors Associated with North Korean Underground Nuclear Testing  

 

A number of factors may provide insights as to why the first test in 2006 (associated with 

the “East Portal”) vented detectible radioactivity in the form of noble gases, while the 

subsequent two tests in 2009 and 2013 (associated with the “West Portal”) did not (apart 

from human post-test activity, see reference 5 and Figure ).   

These factors could include: 

1) That the 2006 test was emplaced at a location affording less overburden, hence 

shallower depth of burial than the following tests and hence closer to the surface to 

facilitate easier gas migration.32  

2) Higher yield tests (e.g., 2009 and 2013), are more likely to produce “containment 

stress cages” than the lowest yield test of 2006.33 

3) The detection of radionuclides could have simply been a spurious detection 

unrelated to the 2006 test. 

4) The geology of the host rock used for the 2006 test was less competent than that 

used for the 2009 and 2013 tests (supported in part by the geomorphological 

analyses in this study). 

5) The North Koreans may have employed more robust containment strategies for the 

post-2006 tests (as the North Koreans apparently claim in an animation video 

publicly broadcast in 2010, see and Figure 19 and Figure 20).   
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Figure 18: Evidence of new tunneling activity.  

New tunneling activity at the “West Portal” as first reported by 38North 

http://38north.org/2013/06/punggye062413/.  This figure is adapted and updated from 

that reporting.  The “West Portal” has been determined to have been used to support both 

the 25 May 2009 and 12 February 2013 DPRK underground nuclear tests.  The left hand 

image is from 13 May 2013 and the right hand is from 15 October 2013.  Together they 

show a substantial increase in excavated spoil material from ongoing tunneling activities 

following the 2013 test and could explain the detection of radionuclides 55 days following 

that event. (See Ref. 5) 

http://38north.org/2013/06/punggye062413/
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Figure 19: Schematic of possible containment design.  

 

A North Korean broadcast video animation screen-shot, showing a purported tunnel layout 

of the 2009 tunnel test (right) showing that it is comparable to that of the first US 

underground nuclear test tunnel layout for the “Plumbbob Rainier” experiment in 1957 

(left).  The DPRK animation layout is plausible, and it employs three different passive 

containment features, two of which were described as having been used by Pakistan in its 

1998 testing.  The original video frames did not have annotations. Those were added by 

Pabian and Hecker in 2012. The North Korean video also showed the use of 10 remotely 

operated doors for active closure (unlikely), while the US used unspecified closures for 

additional blast mitigation.   
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Figure 20: Conjectural surface projection of a tunnel layout incorporating containment 

strategy per DPRK broadcast animation video.  Gibbons/NORSAR relative location plot was 

anchored to Pabian/Hecker 2009 event location. 

 

This conjectural design for tunnel layout from the “West Portal” to achieve containment is 

consistent with relative location identifications and purported tunnel plot for the 2009 test.  

As of this writing, a third drift is evidently being excavated via the “West Portal” in 

preparation for another future test. 
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4. The Presence of Ground Water Onsite. 

There is a dearth of specific reporting on the ground water, water table depths, and rock 
saturation in the vicinity of the Punggye-ri nuclear test.  However, surface water can be regularly 
observed in the streambeds throughout the test site proper, and, more importantly, water is now 
apparently flowing consistently from the “South Portal” (see Figure 21). To our knowledge, no 
water has ever been observed in the vicinity of the “West Portal” (the location of both the 2009 
and 2013 tests and where new tunneling is also now underway) and it is unclear if water has ever 
been visible near the “East Portal” (associated with the 2006 test) in the past.  
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Figure 21: Evidence of water at the South Portal at the Punggye-ri nuclear test site. 

Water is evidently regularly flowing out of the tunnel associated with the “South Portal.”  



 

44 
 

5. Structural Cross Sections 

Figure 22 and Figure 23 provide two simplified cross-section views of the Punggye-ri 

underground nuclear test site, from south to north, and west to east respectively.  The cross 

sections illustrate the general geologic setting of the Test Site which is characterized by 

basaltic and volcanic rocks unconformably overlaying batholithic basement bedrock. 

 

6.  A Comment on Generating Geologic Framework Models for Denied-Access Sites 

 

This study illustrates the procedure for generating and refining the surface geologic map 

for a denied-access site.  This information is critical for constraining information used for a 

3-D Geologic Framework Model (GFM) which extends the geologic information into the 

subsurface.   The GFM provides a structural framework populated with subsurface physical 

properties and forms the basis for both near- and far-field modeling efforts.  The 

procedures discussed in this study for refining and modifying the surface geologic map 

illustrates the need for an expert analyst to provide interpretation of the data and develop 

plausible geologic relationships.  The goal of developing a “push button” methodology for 

generating surface geologic maps from which a GFM could be derived remains elusive. 

 

7. Additional Spectral Analysis Work 

 

An opportunity exists to acquire and evaluate more current, post-flooding 14-band ASTER 

or 220-band HYPERION imagery (or 29-Band WorldView-3, after next year’s launch), 

preferably in early spring, post-snowmelt and pre-foliage, and to specifically focus on those 

areas of newly exposed bedrock (and newly excavated tunnel spoil) to cross-check our 

findings with the ASTER spectral geologic library. Such imagery is not yet available as of 

this writing (but has been requested via the USGS). 

 

8. Additional Applications for Synthetic Aperture Radar Imagery 

 

The application of commercially available high resolution synthetic aperture radar (SAR) 

imagery could also help to shed new light on the underlying lithologies and the extent of 

foliations and fracturing, and, if both pre- and post- test radar imagery for each event 

(including any future events) could be obtained, interferometric coherent change detection 

would likely also reveal subtle surface disturbances yielding even greater precision with 

respect to the event geo-locations. 
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Conclusions  

 

This study provides a revised reconnaissance-based geologic map, site characterization, 

and geologic report for the area surrounding the underground nuclear test site near 

Punggye-ri, North Korea.  Our research involved a reevaluation of all available geologic 

information combined with original analysis of commercial-satellite-sourced remote 

sensing data to derive a more accurate understanding utilizing a novel integrated 

“geomorphometric” approach. 

 

The results indicate that the North Korean nuclear test site is located in Mesozoic/Jurassic 

age granitic-like basement rock, similar to that mapped on a small-scale North Korean 

geology map published in 1994.  However, our findings also show that there is reason to 

believe that this basement host rock may vary in competency, with the 2006 event most 

likely having occurred in less competent, e.g., fractured, host rock (either Precambrian 

Saitoku gneiss (as mapped) or Jurassic-age Meisen formation’s schistose granite), while the 

subsequent 2009 and 2013 tests more likely occurred in a more competent host rock 

(either Cretaceous Tokureido diorite or less fractured Mesozoic-age granite) thereby 

providing better containment and better coupling.  Such information offers a new basis for 

understanding possible radionuclide venting mechanisms for the 2006 test, as compared to 

the higher yield 2009 test that did not leak detectible radioactivity, while also helping to 

provide insights on the cause of subsequent abandonment of the “East Portal,” which had 

been used to support of the 2006 test. 

 

We also found that there is a low probability for the existence of Precambrian (Proterozoic, 

“Matenrei”) limestone/dolomite in the immediate vicinity of the nuclear test site, which 

thus mitigates the likelihood of prompt venting due to non-condensable carbon dioxide gas 

generation as a result of any future nuclear testing in the area. This study is the first to 

address these issues specific to the absolute event locations associated with North Korean 

nuclear testing at the Punggye-ri Nuclear Test Site.  
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Figure 22: South-North Geologic Cross-section of the Punggye-ri Nuclear Test Site from the 

“West Portal” to Mt. Manthap 
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Figure 23: West-East Geologic Cross-section of the Punggye-ri Nuclear Test Site. 
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Appendix A: Geo-location of North Korean Nuclear Tests 

 
 

Figure A-1. USGS seismically derived locations (without application of 

relative location via differential waveform interferometry).  The “West Portal” 

is shown at lower right.  
Source:  http://earthquake.usgs.gov/earthquakes/eqarchives/poster/2013/NorthKorea.jpg 

 

 

 

 

http://earthquake.usgs.gov/earthquakes/eqarchives/poster/2013/NorthKorea.jpg
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Figure A-2. CTBTO seismically derived locations (without application of 

relative location via differential waveform interferometry). 

 

Source: http://www.ctbto.org/press-centre/press-releases/2013/on-the-

ctbtos-detection-in-north-korea/ 
 

 

 

 

http://www.ctbto.org/press-centre/press-releases/2013/on-the-ctbtos-detection-in-north-korea/
http://www.ctbto.org/press-centre/press-releases/2013/on-the-ctbtos-detection-in-north-korea/
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Figure A-3. Absolute locations as derived through combination of differential 

waveform interferometry plots with commercial satellite imagery of test 

tunnel portals and topography. Colored relative location plot created by 

Steven Gibbons/NORSAR (and originally anchored to Wen and Long derived 

test locations) but anchored here to Pabian/Hecker derived test locations, and 

overlain on Google Earth. (Note that the absolute locations as determined 

independently by Wen/Long and Pabian/Hecker are within 300 meters of 

each other) 

Source: 

http://www.academia.edu/4943283/Detection_and_Location_of_the_Februar

y_12_2013_Announced_Nuclear_Test_in_North_Korea 
 

 

http://www.academia.edu/4943283/Detection_and_Location_of_the_February_12_2013_Announced_Nuclear_Test_in_North_Korea
http://www.academia.edu/4943283/Detection_and_Location_of_the_February_12_2013_Announced_Nuclear_Test_in_North_Korea
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Appendix B: Folio # 4 Geology Summary (e.g., Meisen) and Key Graphics

( I) 

'" EXPLANA'fiON OF GEOLOGY 

'l'hc !\fei.•c.n district or tho r.rca cmbr11«cl in the gcologirnl 

tn.'lps d this Atlas oocu:rics ,, EOnlhcr n p:ut of N. Knnkyt.-DO, 

rovc1·ing nbout 1491 fqnnre kilomet res, boundu l on the cntt by 

the Sen of ,Ju})an uud on the eouth by the Kkshii distri( t, ~:tudicd 

nnd lllll.'})pccl by :Mr. ~-.. Y:un:m:t ri_lt l The longitucl- 12l:r" 301 E. 

m~d the lntitudc .u• 10' N. int.crS<Yt r.t the ccnk'r c.f the diz::trid. 

No impOrt:mt re ference to the geology of this d ietrict is found. 

'J'opographicnlly the Mciscn dlstrid. c:m be divi::iblc inb 

three more or less markedly clmrnct<lrizcd belU:, tr<!nding in 

gcncrnl N2iiE. tlpproximfltdy, viz. the <oar:;U l mountainow 

belt, the ('('ntrnl hilly b<>lt uud t.hc wcsk!rn mountainous ht>lt. 

'J'hc Co:u:.tlll monnll1inous belt <'Ot'll!,ist.s mninly of S('hiz::Wr 

grnnitcs, intruded tmd nnderlt~id, in the southern part of it, by 

various ty}>es of th<' 'l'crtinry nlkt~li<: rCM:ks. In t l1c t cntrnl hilly 

bell, "re wiclcly distr ibukd the Cnino1.0if' htrd:l , rc:.ting on the 

schisto€c grnnit.cs nnd ncoomymnicd by n lurge nmount d volcaniC' 

r <M ktt. 'l'h<: belt nsccml:3 to the Cnht nbrtlptly to the cott~tv l 

monntni.ttous b<'l t, the bom!d t• ry b<.twccn these two bel~ being 

origin.'lkcl in n gretlt f,mlt ( f,mlt No. :Xr) r unning N2!iE. 

'l'o t.hc we!:t, however, it bctmnC"S higher g rr.dunlly in rd i<'f :H11l 

pnEs into the we&tcrn mountninous lxlt, c:-on.struc~l c&cntinlly of 

s<:'hiE.losc grnnitcs. 

All rock:J seen in the Jlrcscnt district nrc clnssificd ns in the 

following syno~i:i : 

1. Bm:ementn 1 system 

nnconfom1ity 

2. rr..-rtinr y sy£tcm 

Ryodo group 

unconformity 

:Mc.iscn gro11p 

unconfvrmity 

S!,ichihOs:ln gronp 

unk nown rclnt.ion 

Gcngnn gron p 

unconformity 

3. Qnntcrunry syst<!m 

Plcbtocene ~:cries 

unconformity 

Recent series 

4. Jntru:,J\'c rock ; of unk nown r('lntion 

BASEMENTAJ, SYSTEM. 

'J'hc )Jn.."'<'mcntnl sy::.tcm in the prCE:ent district is r('p rcscntcd 

hy g:rnnites mOr(' or less schis~<'. So fn r M the miucrnlO<Aicul 

com~itions tnc conccrncd they nrc divided into biotitc-g:rnnitc 

and b iotitc- hornb lcndc-grnn.itC', of th~c the former is ugnin 

divisible into nt lcnst two, viz . n nonporphyritic or dight ly por­

phyritic one nnd :1 conspi<.uouely porphyritiC' on.c with larger 

distinct phenocr ysts of nlknlic fcldsp.'lr. \Vc do not know docid()(l­

ly, howc,•cr, whether they urc diffcrentintcrl }Jhn:::cs of a bntho­

lith, or nrc of different period.,; of im•M-ion. Jn f.On•e plnccs 

d istinctly porphyritic biotitc-gr un itc is ~ccn intcru:cly pr~ecd 

showing typit nl "augen " strudure. 

'l'hcy inclo::e frcqucnt}y mn.._~es of e..rystnllinc limc .. touc, nrenncc­

ous r ock nnd more or less melnnocrnt ic dioritic ns well as grnnitic 

rOCk~. 

Strike nnd dip of their schkt~Rity plnUl\ whid1 is obviously of 

the prc- Tcrtir. r y, a rc variable as shown in ttc geological mnps. 

Gencrnlly to fny, however, it •trike;; N.W.-S.E. nul diJll steeply 

to the nor tl:e.'lst or nc:~rly vcrtic11 l. 

Concerning the brtologicul ngc of t.hi>i syetem we have no i:'atis­

f:~ctory dab to suggc~t it definitely, thougl• it i,j highly tno'JablC', 

thinking from the lithologicnl nntur<', thnt the b iotitc-grnnitc 

wl>ich jg not d~--tinct ly porphyrit ll• and i.i cxten.o;i\•c1y distribut((l 

in this distri< t, b<'longs to the so-<'n llcd red grnnitc intruding into 

the r()('k.i of Mnch'onnyong ECt i('s in the vArioui pnft..:i o f the 

: djnccnt region of the p resent di:itri(t :md cousidcr.:d to be older 

thnn the Cnmbrian.('l 

TJ<JRTIARY SYSTEM. 

RyiidO group. '1~1C lowc~t division of the Te rtinry system, 

nnmcly tl1c H.yUdO group, is db tribnkd widely in the weste rn 

p11 rt of the ccntrnl hilly belt, und comprises shnle, san(b--ton(', 

CO'JI, etr., :lccompan.iccl by :\ lnrgc nmonnt of ulkn lie bnsnlt. 'l'he 

plnnt remains r icl,ly yielded f ro m the lower division of this b'l'Ollp 

w11rrtmts the Lower 'l'e r ti!l ry t~gc of this group. Jt is: classified 

into t"-o fOrmntions cnumcrnt<'<l f rom the lower ns follows : 

n. Ryudo for mntion. 

b. Ryndo nlknlic bnsalt. 

RyUdO formation conskti of shnlc, snntbton(', conglomcrotc, 

cool, ct ·. auting on the erod ed 6ttrfaoo of schistose g rnnitcs of 

the preceding system, mainly in the western }).'lrt of the ccntml 

hilly belt. They nrc <'ontinental aocnmulutions formed probably 

in 1\ shnllow fresh or b rackitih water, and attain M n whole 

nbout SO metres in thickness. Numerous rcmnins of plnnt, prc­

ser\·ed fn.irly well, luwe been yic1de<l from :\ light brown shnlc 

nt vn rious phlOCS in the tract Of thii fonnation. Qf these 

following 16 i'pCCies nrc rcoogn.izcd by the writ<!r 11s importnnt: 

Pinus hcpios ( U ng.) P. 1m htcost robus Ett. 

GlY}Jtostrobus cnrOPftCUi Brongn.) Sequoia lnnw ®• fii ( Brongn.) 

. Juglnns uigclln fleer. 

Cnrpinus grnnd i.s Ung. 

}~11gns 1111tipofii fleer. 

Quercus furcine rvis Ung. 

U. cf. elegnntior N11th. 

Pluncra nngeri Ett. 

Bct uln. br·ongninrt ii Ett . 

Alnus kcfcrsteinii (GOC'p.) 

CnE.tllnC:\ knvinyi KO\•. 

Ulmn1 brnunii Hecr. 

U. <f. longifoliR Ung. 

Prunus cf. scrrulnta H oor. 

']'he RyiidO flo r1t ns shown. in the ubove l ist is no doubt 

c]OS('}y rclutcd to the fo-Nille<l " Arctic Miocc1tC 11 nnd mny not 

be young<>r thnn tim C'hOki fl or n which i'l csscntinlly of Al'('tic 

1\tiooonc plunt .:> conming lod with wm~ forms d 06('1y tdlie<l or 

idcntict~ l to some u i.Eting plant..;; and lms ))('('n t<'ntl!t h•cly ('Ot:­

sidcrcd to be of the Oligocc•l('. r4
) 

h. J{.yUdU 1llknlic bnsa lt ('0\'Cr ,. <Oucorcbntly t he preced ing 

E.trnta :md OOl~i.;;t:; mtlinly o f numerow ~hccli uf tcphritio? 

t rilchy-hnsnlt nocompm icd by a smnll nmonnt of leu(·itc-b;tSl.\~t, 

tuff, :tgglomcn .tc, tuf.1CCOUs EJ.ntt.lstonc, shu l(', etc., a<.'Cumubtion of 

them nt t.ainin:; in some phtCC6 more th:m one thou-:nnd metres 

in thi(kncss. It ii> suggested from the fi('ld study thut tl1e 

vicinity of Onsuihci, four kilom et res south of K otcndO, whe re 

the formntion <' mbrnccs comp:trntively large nmount of tuff 11tu.l 

ngg lomerntc together "'ith dykes of the Sllmo ehnractcr with 

most shcct3 of this formntion, wns the center of eruption of 

l:wns 11.t tills t ime if not nil the luvns belong ing to thi; formatioa 

nrc con.s iderl"<l to h!l.\'C been poured out ft·om the snppo.sed 

center. 

'l~1c 1cucitc-bn:nlt oeenl'$ ns effu~i\'C? sheets resting directly 

upon the prccecling (0,11- Jx.nring st r,lt.'l, undcrh1id by Fhcct.s of 

the tephritic? tr nchy bnS~~ lt nml ns.<;OCintcd with it.i ngglomcratic 
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tuff, nt RyO 16 four kilomctrc3 northw~t of McL~n. It i.3 the 

fC(Oncl o.xurrcn('C of leucitc rork ill Eastern A .. hl north of the 

PhilippitH' J .. Innd~, the ra~t being thnt of UlmryQtO lllnnd $l in 

the Sea of .Tap:m. 

Meisen Group. After the }Xl r iod of er uption of the enormoni 

amount of the UyO.di1 hnsnlt the prc.-ent distrir t bccnmo hmd and 

wns ('rO lc(l to n orrtnin d egree but before long nbrupt sub­

sidenre took pln<c nnd Wl\i invnd<'d by sea wntcr, in which the 

~wn 1 (livi:-ion of the 'l'crtinry sy:;:tcm, the M('i.:,en group, wns 

form{'(l. It ro~ist3 of :t s<'ric:; of conglomcr nk', snncb.ton<', s.hul<', 

00111, ct ·. rcnl'h ing about 1800 metres in tho entire tltickucs.~, 

nccom}>:uUcd by flows rmd i.lltrus ivc bodies of ollvinc-bnSlllt, nnd 

enn be diffrentinble into three formntiOn'i which }>R.SS litholog­

it-nlly into on<:- :mother. 'I'Iu.:y nrc nearly rc:.triclcd in their 

di~tribution in th<' rcntrnl hilly lx>lt. ' f'll<'ir b'('()logical structure 

m:d litholO<~icn l nntnrcs, tog<'lh('r with their googrnphicnl distri­

lmtion, seem to sugge. .. t thut the hchnllow SCtt, wllcrc the rolk:i of 

thii g roup were dcpo~ittcd, wus bounded by Inn 1 nt lcn:,t to the 

,,~t nnd the cn~t. 

P nlncontologirnl study of n flom yielded f rom th<' mirldle 

horizo:1 of thii group SC<.'ms to :-how nl-·o the T,ow<'r 'L'<'rtlnry :lgt' 

of thii group. 

The three formntivJU cnumcrn«'d from the old~t n.rc ns 

follows : 

[[ciroktadO formation. 

b. K andtindO formation. 

<'. bLmkoJO formation. 

:• . H elrokndO formation C'Onsists largely of erose-bedded oon­

:.;lomcrntc nnd s:-.ndstonc, with nmnc rom; rcmnilt'J of marine 

mollusctt, ml'l ntt.'lins nbout GOO mct rc..s in the entire thickness. 

Rsrely local unconformity i'i recognized in the formatioa itaclf. 

b. K nuchiudO form~tion COibbti cs.....:;cntin lly of li:z.ht brown 

shsle wit h nbundnnt plnnt nncl nnims l remsill''. intcrcsluting thin 

lnycr:; of Enndetonc nnd mnrly noJnle5', nn I is tn('nsured nbout 

~00 metrC.i in thickness nt Uac mo.s.t part. Imporlnnt pl:tnl.i 

dt.>ter mincd by the writer from th<' :-hnle arc ns follow.i: 

Glyptost.robtl5 europ:teu:; (Brongn.) 

~uoia. lnngsclo a fii (Brongn.) Arnurnria Fp. 

D ryostrohn• ? · b>rnb<' rgii (~p.) 

Ptcrornryn d . d<'nticulnt:t (\Vt'h.) 

Jug lnn.~ uigella H('(' r . Unr yn scrrncfoli.J (Gocp) 

Bctnl:t cf. c rmnnii Ch nm. l•\.gui fcrrugincn Ait. 

r:trpinu~ g:rnndii Ung. Quercus ~"P· 

Quercus cf. Fpcudo"n.;:;tancn G<X'p. Plnncra un~ri 'Eit. 

Populu-. 6'1lutlini F. 0. P. t•f. zntl lnchi H<>Cr. 

H umnmcri3 rf. japon.iul:Sich. <'t ZuC<'. 

'l'ilht <ordnt:.1 Mill. 

A. pnlm:\tum 'J'hunbg. 

Accr pictum 'l'lmnbg. 

•rripebll(ljn <'f. z.lmqvi~ti N:ttt.. 

'Hte :Mciscn flora lktcxl ju~t nbo\•e !CCnl!i to rontnin more 

pci"(C:I\tagc of plnntd no doubt do.5Cly re.hlkd or identical to 

those living thnn it i;; tho cnee in the flora of Chl.ki scriCJ'i . 

'l'he n.bundnnl occurrence of Amer icam beech (Fng u.!J furruginea 

Ait.) which is very common in the pot5t-Mioccnc florn l1f J t.pan, 1·' 1 

sccnu to be C-:!"}>eC:ially noteworthy. Bnt, <.'Onsidering from the 

general romp()S:ition of the florn, it cnn luudly lc of t he Upper 

l'ertinr y, for, so f11r ns their gcner fl l comJ»-ition and tltc 

rlimatio condition indicnt.OO by them ttrc concerned, t!te .M:ciscn 

ftorn nppronehos very nenr , nnd is no doub t C'IO!'iely rdntcd in 

ngc, to the South K orenn ChOki flon1 but differs considerably 

from the Enn.ichi flora in South K oren whidt hns been conside red 

hy the 1n<•~nt writer to be of the :Mi()('(ln<', indicating fairly 

wormer dimntic rondition than it i..s in South K orea st the 

pCC5Cilt time. I n short, therefore, it i.; snf<! to ooncludo thnt the 

l\1ciiCn flora ~ fnirly olJer thnn that of the Enniclti Aerie:; nnd 

und oubtedly ncar in sgc to the ChOki florn, but not old~r tlmn 

tltc latter. 

c. MH1lkoc:lO f0rmation. A series of crossbOOded s:tn\h,tones, 

intcr~ !:tting layer:; of conglomerntc, slulle, coni, cW. and marly 

nodules nud n(.'('()mp:micd by cffll"'ive shcct.J ns well ss intrusive 

bodies of olivinc-bftSl:dt, covers nn extensive nrc:.t in t.nc ~ntr111 

hilly belt. 'l'hcy colbtitute the :Mtmkcd O f.>r mation. It confailts 

muacron-5 rcmnini of nurine molluscn preserved fttirly well nml 

ntt:titti nbout 1000 met res in thidmcss. 

\Yhcn the enormous thickness hnd these sedimentd rcndtcd, 

t here took place in the pre:;cnt dbtricl a gr~~t t tectoni•· move­

ment whirh produ{'('(l somcwhnt int ricnted svstcm of fuulli ns 

shown on the gcologicnl map<~. 'rite f1mlt lines trend in some 

pltl<'C.i diversely but in gcncrul npproximntcly N.25R nnll 

t!tcir northwestern sides were t hrown down. There nre, however, 

t\ f~w. sonthen.stcrn toidcs of whi ·h 1\r<' considered to lutve been 

thrown d own. '!'he result of the mov~ment, therefore, i3 t'1e htru~ 

turc o£ hor..t, tht' ccntrnl hilly belt corresponding, nt lc.<tst in part, 

to n. bnsin, pro<lucc<l nt this time. 

So ftu ns we nrc awnr t', phy~iognomy of N orth K oret., 

especially of North nnd Svuth K~m..lcy0-00, has been g:rcntly 

controleJ by 11 nmn1>er of f.mlt belonging t:l t!le sy6tcm 'vhiclt 

produood the structure of horst in the present district. A.s one 

of the in:,--tauccs of nnalogou.s goologicnl structu re with tlmt of 

the present d istrict, due t o the same syotcm of fllult, the writer 

cnn take tht\t of t:1c K ank6 district (7J in South Kanky~D.j. On 

llCOOnnt of thi..~, t:1e writer ht\S rotligtttcJ tentatively tho falllt 

lines in question unJe r t:1e U'\ID3 of t ltc K ankyO syoi.cm , though 

it i.j highly pro!.>abl .. t1utt t'1c sy:;t~m ~ ~.:onbmporauoou3 with 

nn I bcbn~i t> t:1c Sout"t K orclm 1 Laman system of P rof. 

){oto,<*> on whi ·It t: tc writer hus lllCC!tdy statccl (•> that nt nny 

rutc, it show.:i 1t greatest diastrophic mov~ment which 1\Ssnilcd 

the C ircum J11p.tn S::m rcgio:t in the C.tinozoic lime :m I is 

wnsidered t .) be highly imp>rbnt 1\.i :\ niterio:t itt correlating 

the Cainozoic r~Y-·ki in that pJrt of the world. ~ for the 

significan<e of the K nnkyO syetcm, the writer states provi:~iotully 

only tlu\t the block f~tu.ltiug nt thi .i time ns recognized in North 

K orea seem; to play 11 cert ain import:mt role in tho genctirn l 

r('}ftt iOil Of thC S~a Of J:tp!Ul IIi; Wt•l! ttf; the JupattC:soC J_.,Jands 

lying on the opposite "'ide of it. 

E.xsc.t gcologi<'t l ngc: in whkh the frtult system wns produ<etl 

hns not y<'t bcC'n known. Judging from the !'tr:ltigrnphil·nl reln­

tion.o:, however, it is no doubt ('On ..... ider nbly older tlum the 

ShiehihOs:m group, the youngc..,t, d ivi:sion of the 'l'crtiary 11y:-tem 

in this dbtrict 1\S dcscribcJ below. 

Approximately in th~ lit.'lgc of thc.iC movements the dbtrici. 

bccnmc lun \ nnJ witS subjc .. ted to degrnd:\tion ; :md nftcr it 

hnd been conside rnbly eroded flll(l hnd 1tenrly lost in places itd 

ehnrnctcrktic fcnturcs due to the fnults, a l nrgc :uuount of ulk:tlic 

lnvns commenced to le poured out snCCCS."i\'Cly, mtdnly from 

the vicinity of Shi<'hihUsnn in the constnl mount.'linous belt. 'l 'hey 

nrc the rock.i of the Shichi hOtinn group. 

Shichih<iean group. fuidc.< voriolLi kind. of olk.lic rock. 

covering nn cxtcn.'>ivc nrea in the coa.slll mountninous nn 1 the 

ccntrul hilly J.x>lt.i, it indudru n smnll nmouut of tuff, volcanic 

b recc::in, gr~wel , et:-. which closely nssoointc with the ulkalic rocks. 

Jt i3 noreworthy thnt the group is lithologicnlly very ncur to the 

complex of volcanic C(Kk:; con~tructing the mnin pttrt of u~e Ok i 

Js1nnds<lf') in Ute Sea of J np.'ln. 
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( 2 ) 

'rhc group cnn be d ivisible int l eight rork f)rn.wtions c numcrnt­

ccl frOm t~1c old~t us fullows : 

Zuitokus:m nlknli<" hn& It. 

h. Nuis:.mdO fJrmation. 

e. J OyOhO :dknlie rhyolitco. 

d. ll'ukyfi lllkolic rhyolit<> . 

~- SUhO t rachyte. 

f. Shirhih6s:m nlkt~lil· gr:mitr-porphyry. 

g . J ig:m formntion. 

h. Slt.iell ihOsnn nlkt1lin rhyoJik'. 

u. ZaitOkusun nlknlic bmmlt, t h<' vldr~t formntion (lf thi~ 

group, ('Overs unC'ouformnLly the rOt k~ of Mcl."iCn group nnd 

coru.kts of nt lcrsi four cffl11:h·c $he<:l.i of hr&:~lt.s, nttaitdn.g in 

gcn<'N l about 40 metres in tl~<' cntir<' thi<:kn('S.Q, 'J1t<' f1mr 

l'hccts, eunmcrde<l frcm tl!c low~t on<', : r<' us folluws: 

N(l. l : Oliviucl~ bnenlt with tlt.nltlngit<', nnor tlt()( lnt-e? 

nnd biotit.(', 

S o. 2 : Olh·inc-bnsdt with :morthocln~c ? 

No. 3: Olivine-bnsnlt comptlrl\tively rich in MlOrthodttk'. 

No. 4: Olivineless hypc~thcnc-busu lt. with nnorthoclnK'. 

h. NtlisnndO formation conskl i of n vnriegnt.OO tuff, whitish, 

ycllow i~hgrcy, p:1 legr('y, ct.<'. in telour, pumi<('OU~, in plAC"CS 

litlJic, nnd nccompaniul in one pln<o hy boulder df'p06i~. I t. i.; 

i1l gcnc rnl about 20 metres or lC'SS in th il·knes..~. 

t'. J OyOhO nlknlic rl1yolitc dthcr covers the preceding r O< ks 

ns ~:trong sheets or cuts ns dykes the achibl.olsc gt·nnitcs nnd the 

rocks of Meiscn group nnd is widely distribuWd in the southern 

pnr t of the prcEcnt dktr ilt. It oonsi::ts ceecntill lly ()f grcybh, 

pur plish or brownish lithoid itic rhyolite with Or without sphcrulitic 

or bnndcd structure, nccompanicd in some phu::cs by iU llggl~,;­

mc.ratc nnd gla56y mO<lificntion.._o:, lt i~ not r nr<!ly blightly 

porphyritic, being inbcdclcd by smull nmonnt of p!1cnocryets of 

fcclspar, wit!-. or without S(:hillcriz:ltiOn, nnd qunrtz. . 

d . FukyO alkalic rhyoHtc covers the preceding ns strong 

sheet!, occupying but Email nrcus in SC\'Crftl p lnCC8. Petrogrt~phi~ 

nlly it is represented by n p.tlcgrcyi-.h fine grained r ock imbed­

ded by sp. .. r ing pheuocry5t3 of feldsp:lr , with or without sclailleri­

zation, nod qunrtz. Microscopicnlly it oons~t3 of n grounclmnss 

made of n fine. nggrc~ution of ulknlio fcldsp.t r, qunrtz, riebeckitc, 

ncnigmnt.iW, Regyritc-nugitc, cW., imbedded by n m1111l nmount 

of phcnocry~ts of nlk nlio felchpnr nnd qunrtz. 

c. SOhO t r achyte is represented by a p!Wphyritie rD~.:k, con­

f.i:..ted of u g rey (lr tlnrkgrcyi;oh g rounclmn&'i imhcddcd hy p!•cnn­

<'ryst..;; of nl kn.li(' fclthpnr nnd n('gyrite-augitP? Tt ()('('Urs 11~ 

small dykes ('utlin:;: the JOyOhU nlk.dif' t·hynlill' or ns sh<'<'ts: 

rovcrin~ t he snmc nnd i.'i very limitl«l ill di"trihut ion. 

f. Shiehih&s."ln nllrn li(' grnniW-]~)rphy,·y ('()ll:Jtitu~, togcth{'r 

with thC' Jig~n formution nnd Shid1ihOs:ln : lknli<' rhyolit.P, the 

soutltern prccipit:ms pnrt of t 'l<' C>nst.:~ l moun~inous bdt i1t 

the vrcscnt db-trict. In pnt, it clearly t"'I"L .. i~ts of n number of 

ctTnsivc sheet; rcrting np:m t he srhistosc g rnnitcs bnt in pnrt 

seemingly mn~i\·c. MO<lcs fJf ()('('nrrcn('(' together with its 1itho­

logiC!ll textures obscr\·cd l t vnr ions pul-l of its tnu_ t SC<'m t, 

suggest that in the south<!rn pnrt <1f the tmct there wns the 

vent from which the lavas uf thi.i formntion 'verc pourc~I out. 

'l 'he m11 in bulk of tl1e mnss t1f tl•is f.Jrm!\tion hc lon~ litltol~ 

giet11ly t;> a p orphyritic ri.Y k <·on.;i::tcd <1f p:degrcyi.;h groundmnss 

which, nccordin~ t l the mier()S(:Opienl bluely, is 111iC'rofcbitic or 

glnssy nnd contains minute ('ry .... t.n6 of fddspn, qtmrtz, kntofor it.<', 

nrfvcdsonitc ?, r iebcckitA\ etC'., imbedded ri<'hly by ]lhcnocrysts of 

nlknlio fcldspnr, with or with011t schilleriz:1tion, qut\rtz, kntofor itc, 

1nfvcdsonitc? bnrkevikite, ncgyr itc--1\U~it<', ck. Rnrcly it is 

nrcomplnie I by gl:usy modificntion.Ol!. 

g . Jignn f,Jrmatioa OOnsbli Of a ECries of volonnic brcoci:tS 

intcrculating thin slu .. 'Ct i of ttlkuli<' d ayolitc which i..i :.imibr in 

it3 p2t rologicnl nature t.J the ShithihU&an nlknl ic rltyolit.e, ment.il>ncd 

jn:"it below. Tt ntbins 11bout I SO metres in thickn.rus. 

h. ShichihOsnn nlknl i:-- rhyolite npp~ars in t he various places 

in the southern pr~.rt of the district., coveri1lg: V1t r ions pre(.'Cdinp; 

rocki ns :.trong shoct3 or <·uttin~ them ns dyke~. Petrologic..lly 

they belong to n gf{'y or p.1 lcgrcy porphyr it.i ! rock ch:ar:u:tcrizcd 

by it.; henutiful phenocryblil of moonstone. Ac.-ording: to the 

microscopic: 1 6tndy it i3 dbtim tly )Ur pl•yritic oon.iliting of 

glassy, microfchitic or mi<'r 03phcrnliti · t;rouudm.tS3 imbccl d(_'<l by 

alk. .. lic feW.spar m:>Stly wit~, 8Chillcrizntio:t, quartz, ncgyril:-­

:.ugitc, bnrkcvikiW, ct·. 

Gengan group. In the vi('inity of t!te 80Uthcn.stcrn corne r of 

t!1e present d~"trict there Li nn •t!,cr g r..>up of rodu which ~--t 

up:»l the deeply eroded snrf~tl'C of t;te S<'hi ... t.osc gr:mite nnd n·hOtn 

rtll\tion.:; to the preceding gronf.6 nrc not known. Tn this .\tl:ts 

they nrc tcnt.atiwly included in the Tcrtinry sy6tcm :md group;xl 

under the n:tme of tho Gcngnn. It cmbr:U.'CS n bn&tlt, net-om­

p:micd by itJ tuff un 1 nggl JlllCrat~ nnd a 1)('(\ of <·onglomcratc ; 

:md i:s divide<l int') two f.1rmution.s u.s followd : 

a. Gcngan busnlt . 

b. K nn-cnchi t'Qn~lomcrntc. 

n. Ocng:lln basnlt indudcs clfu.sivo ~hcctJ anU dykes of olivinc­

bnSlllt , accompanied by t ufts nml 1 gglomcrutcs. 

b. K :tn-enchi conglomerate t'Onsbt~ of oonglomcrntc, probably 

more than l.'iO ructrru in thicknc55, d ipping gently to t!te south­

e:.u;;t. 'l' hc p3bblcs oonstituting the bed nrc of well w .. ~r 'vorncd 

nnd generally OV\lr Ci <.'Cntitnctrcs ac:roii3. T ney nN m1d~ either 

of basnlt d erived no d oubL from the Gcngnn b.l&.lt, on whk·h 

they were depo:sittOO, or s ·hsitodc g ranite, but none uf t!M!m arc 

sll0\,,1 to be of the r<kk.i of ShichihUsnn group. It is t>rohnbly 

older in t~.gc thnn the ShidtiltOsan. 

QUATERJ.~A.RY SYSTEM. 

P leistocene s er i es. 'l1tough w<' huve no palaoontologiclll evi­

dence sho" iu.g its rlcibt.occne ng<', f L1k,.) p rovisionnlly, on the b:1sis 

of strntigrnphicnl r('lfition..;, th11t gcolog:icnl ngc for these l"()('ks 

which nrc t'()tl.Sidcrnbly younger tlum the r<Xki of Shichih®u 

g roup but <'lHl not IK' C'Oil.')idl.'rNl ns younger us the l"k'(_cnt. 

'!'he ser ies in qH<'~tio:t <.'mlH':H"<'S hn~<: It , trnd•ytA·, gn,vcl, &ntU, 

,·by, pt·z.t, ('t<'. :tml ar<' divi.:.ihli.• iut() ~ix f~•rmntinn.-; n~ follows: 

:1. K inz:m formation. 

h. Gyor[Hn hr.S11 lt. . .. Rri&lndO fvrntati1111. 

"· K y(lkudO hnsnlt. 

e. H!ttk clO t rnC'hytt•. 

r. YUtokn bnsnlt. 

:1 . K inz:m fvrm~ttion. (n tltf' v.arion., pl:\re..; nf the t<'ntr:ll 

hilly k it, nrc nppcnrcd grnwl IK'tl", <Om;trmting upper portion 

of hill~ n.nd covering nn ·unformuhly the '_l'crtiury rock.i nbovc 

referred to. .\nnlogou.s g rnvl'l hc~h nrc :tlso S{'('ll under the 

GyorUicn bnsalt and the ShC:•ko:Jj t rn<'hyt!'. 'J'h<'y nr c t:onvcnicntly 

grouped nnd described under this fmnation • ., l n:une. ]t con.shts 

lllr brely of ~rf.vl'i, inter<·alllting in ]llnres lny<'rs of clny r:trely 

with imprc&;ion.s of pJ,mt, nnd nU .. <tilt'i nbout 30 metres in the 

thickc:.t bed t-on~i1ructing t1te upper p :ut of ](iuz:m, '" hill in the 

vicinity of Meiscn. 

b. Gyor0c5cn bnsalt ext<•nd~ widely nlong the course of t he 

Gyor Oscn, fo1·ming here anti there d isscd:OO l~tva plnt.cnus of 

:1bout 100 to 300 metres high nbove the ndj accnt nlluvi11l tracts, 



 

54 
 

 

on the ground of the 'rcrtinr y rOt k s nnd schi.st<uc ~ronites, the 

t Jt.ll t'1i ·kncss <>f :he lrtvn bcin.; n]lproxim:•kly 100 metre::~. 

R •rely it (overs t!1iu g r:wcl hcd inclndt'd i•tt, the Ki.n~:m 

furmntion. Lithologic,, lly it i,; lcs::s vnri('gnkd thnn lhc other 

hus:.•lt:; i11 this d~tri(t nnd hd vng.s to olivinc-b:ttwlt rommonly 

with ophit i{' ~trmturc. 

t'. &+·stndO f<>rmal ion rovers tlw lm .. "t'cding nt Sc.•i3nnd0, about 

10 kilometres northc:'let of 1\l ciscn , nnd <'On .. b l,; of gr1tvel, szutd, 

t·lay ami p ' nt . lt is thin, only :'oCvernl mrtr<'s iu thi(•knc~. 

d. KyokuJO bas:d t.cml>r:t<'C.i muncroni cffusiv.} :;h<'Cts of h:..sa lt , 

:tt'\'Ompmic:d in some places t,y :1 smnll umount of ugglomcrnte 

aml f.Jrms nn cxtcn:ivc luvn pltttc:nt d is:,c('tfd by tlw lowe r 

~"tream of t~1e Gyor<iicn and ils t ribnbrics. '!'he platrnu i3 l ow 

in nltitnde in comp:ui'<>:t wit~ th03C <'O•t~i..--tc.l of t h<' GyorOscn 

hts:•lt, thus exhibiting :1 lower ~tl'p (If th<' la tlf"r. 'l'hc t .)iul 

thitk n"'"d of the 1:.\':t ut b in.s 1.ve r 100 mtlrt.•:o~ in gl'llPr.d. It 

( ow•r.:J in some plat-es t:1in nn I inp.:orsbtcnt. lN'd.i ur g r nvel. 

J,ith•)l 1gic-nlly it is classified int l two, vi:z:. hyprn.th{'ll<'-hns It and 

oli,•inc-~fls:.llt., t l:le Iutter ridt in gl:tss hfiS<'. 

e. S~tOkodO tmchyre is distributc<l in sev(' rl 1 plu<"c.s on the 

rottst of the d6--tri t, where it unrlerlny$ the roc:·ks of K in1..nn for­

mntio11 und embr .tccs shcetd mu.l d) ke.s of v.tri,ogut....'<l l·m"O-·rnti • 

ln1chytcs wit~t o r without p~ten<X'ryeli of qu:t rtz. At ShUkodO it 

is ncoompaniOO. by multifarious gl:tssy nud ng~IOm{'rnti<· m<XIifh'tt­

tious. No rclntions of these rocki tv t he prcC"cding P lci.:,to--ene 

rodu except the Kin~nn rormntion is known. 

f. Yotoku bnsnlt i.i seen in JSCvcnd plit('(l!l, <'Overing us u 

whole but :t sm:tll urea. Tt c:ou.sl:,t:i c.-s.~ntiu lly of cffu:,i\•C sheets 

or bus:.l t. (_'()VCring the rocks of Kinznn fvrmntion, s:.okodO t r ll­

t•hytc ur ' l'erlhry system . 'L'he yOIIII.gCI:>t rock IUilOng tho~<l of 

t 1e Plei..tocc.nc, thcrer,,.·c, is the bnsult under <'Oibidcrntlou or 

the KyokmU b:1salt nlr<udy rcfcrrctl W. l..itholo~it•tlly it belongs 

to oJi,·inc-bnslllt.; with or wit.'tout nno. t 'ux laM>. 

Recent series. It. i1u·lnde.i g:r,\\•d, snnd , cby, )lC'at , mud, 

t.alu .. , et ·. und i.; t.ltt:56ifi~d into t'uoo f..;ruutiOni 1\8 follu·.viS: 

Old fhwiatil~ formr1tion (or ' l'rrrr.oo deposiY). 

h. Young fluviz.til~ for m:;tioa, t .gcthcr with the n.'<'Cnt 

brach d<'tlOS..i~. 

c·. 'l'~t lus form_~tion. 

IKTRUSIVJ~ ROCKS OF lliKNOWN 

HJt:LA'l'lON. 

B '!>itk., t'1<' ro~·k ~, of whid1 rf'lativ•t"' :n·c mon• or lC:i:i t lo'i<'ly 

lmown ~lr:ttigrnphit•nlly, tllC' I'f' nrc a IHIIHh<'t' t,f inh·n.~h•t.• rodU:I 

of wll it·l • mut.u:d ~lutioni lnwe not I)C(.•n utt('rly known, ' l'hc.;;(' 

:m• divitlul iuto two p_r,mps, viz. 

a. H.ocki intruding into the :i(•hi:,tO"C' g rnnik'. 

h. Rorki intruding: into t~1e 'J'ertinry rock ... 

a. Rocks intruding into the schistose granite, 'l'il i; 

~ronp Li divi5iblc into two snh~rtmp~. viz. 1, h.1sio ro· k.i iudud­

ing tilnllll dyk~. Uioritic or g:th broi • in tt:ltu~, m~tly l1igltly 

dt~·omposcd; 2, :l.C'idi • rodu indncling: ~mnll dykc..i of fine g rnnitt•, 

~r:mit<"-porphyry, npl ite nntl }K'<'~mc,tit•. M0::t of them mny 

r: tlt ... r npproprilltcly Le d nsscd in the ltlSC-ment:tl f\)'l:'lrlll. 

b. Rocks intruding into the Tertiary rocks. 'l'hc 

8C. ond group embruccs tLc ro k:i int ruding into the 'J'crtinry 

rock:; together with iKme dykes whll·h intrude into tJle sc. hit~to:sc 

grun.itcs but :lfe ('t}t~idcred from lh<'ir lithologi<a l rutturc to he 

<'On • .,.idernbly younger in :1ge, limn the p~cding one. 'fh<'.sc 

intru~ivc r<.K:k:i includes bnsalts, rhyolik's nnd r;ycnik', mOt:tly 

more or less nlkulic in their lithologic11 l nut urc!ol. Some of them 

mny be ltighly intcrc=:;ting to pctrologkt. 

(1) TI»e fieiJ trorh whl.c!• fllrnis:lt<l a.U d~t~ f,)r thi-1 Atlat 'lll'ere c~rrlf'd 
out during the months ~r l\([t.y \0 Augull Dn·l 0:-\uber, 1922, and June 
to Julr. 19'J--3. 

(2) G~logical Atbu Q( C!lilst'n, Xo. !J. 

(S) ~- M w.u\ki : Mi~ in Ct~n whl. IJ~i•l reference 10 phloeopite in the 
~(t'Cb'onnyon,a" leT in nf Kank)i>-().1, Ilull, on the Mint'ral Sun·py or Cbol· 
M"n, \ 'ol. I , Jlt. 2, l!>lG. 

( .f) I. Ta.tchrm.: Geological Atln.~~ <>f C!;Uet>n, N<). 2, 1!121. 

(~) ~- Tsuboi: On "'TAucitc ltock, \ 'nltinitic Vicoik', f rom Utllur)-{110 bltmd 
in U\C Sen ot Japa.n. J ourn. Oro!. SJC. 'fu:..yo, \ 'ol. XXVLI, No. 327, 19'20. 

( r.) A. G. NB.~hor8t : Zur Fot•iku Jllor "' .JU.)lall '•· Pci!W'Onl, m.bh~mll, l1eran•· 
gcgcben v. W. D.1ome• n. F.. K\yw<'r, Bl. IV, IT<'rt 31 1888. 

(1) Owlogical AtiM of' CllOst>n, nnw in prt•J-nrluir,., hy the \lfetl('n~ writer. 
(S) B. Kot3 : An Orogr.lpllic skt>teh ot K0rm. Jour. Sc. Coli. TokyV, Vol. 

XLX, ,\rt. 1, lllO:i. 
(9) l~xplanl\V)ry \oeX~ to 1~1e 0 -Q)ogie.a.l Aths of CI.Osen, No.2 ( lt6tum()) I!J~H, 

(10) S. KVzu : Pc~rologicri.l N Jt ·1 on t he l fl:neotts !loeb ot the Oki h lands. 
Sci. Rep. 'fG!~ku lmJ)· Uni. (<.h.'<ll~ic\1 ~eries) \'ol. U, No. I, .1913. 

Po.it:r'ript. Mr. J. ~bkiy.um, Aeeisunt Pror ... 'MOr ol GI!Oiogy, KyOto 

1mperU.1 Unive rsity, studied, M my J"t(i11Ht, t)JC' 'Mollute&n f~e~n~ fron1 

U1e Mt-illt'tl poup, Cfllleckd hy tlK' IH'~nt wri.t.er h the :Meisen liiltrict and 

by ~lr. to'. Y:lna~ari in thf! Kiuhn di:Mict. 1\11'1 l.a.s r ootntly •howed me 

the fvllowin:; list or his d~et..>rmin!\ti<>RI of a. r .. :uu, yieMI.'II (ro>m a IuKer ~rl 

ot th~> Heir.•kud.'"l form'\tion, the t.IWNI tlh·ision t>f 1he Md~n grouv, at 

~hnseki, 1 kilome1rew n~rthw~•t or K Jh.•n lil, with" rem•rk tlt:.t ~he 1111-:.ll 

bun~ c m nol be the ~eo;::cne in a;t>. 

lhtilla.ri' u.teiwai MMEit;ln~ n. 1p. 

B. pnunarii )bkiyJolll3 11. tp. 

l'oumides (~rilhi lt3.) bnJ'IQimentiJI 1\r.\kiy~t.m'\ n. t p. 

Acila BUbmir:lbilill )1-"'iy;lnt!l n. •P· 

Cyclitl1\ mcif.:>n sis M.l.k iya.ma n. tp. 

l't'Cten n:l.nlt'kii!nsis ],ft~.kiyMut\ n . 1;1. 

Yotd illo sp. 
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Meisen Quadrangle Geologic Map, from Folio #4, 1925, Japan. 

Area is just east of the Punggye-ri Nuclear Test Site (source Buttleman and 

Matzko, USGS) 
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Cross-sections from Folio #4 just east of the Punggye-ri Nuclear Test Site 

Source:  Collection and Digitization of Data from Geological Atlas of Chosen Folio No. 4 

Kyukudo, Meisen, Shichichosan and Kotendo Sheets by Iwao Tateiwa, Geological Survey 

Governor General of Chosen Kokamondori Seoul 1925 

(Source Buttleman and Matzko, USGS) 
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Stratigraphic sections from Folio #4 just east of the Punggye-ri Nuclear Test Site 

Source: Collection and Digitization of Data from Geological Atlas of Chosen Folio No. 4 

Kyukudo, Meisen, Shichichosan and Kotendo Sheets by Iwao Tateiwa, Geological Survey 

Governor General of Chosen Kokamondori Seoul 1925 

(Source Buttleman and Matzko, USGS) 
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A. Kaema Plateau B. Kilchu-Myeongch’eon (Kilju-Meisen) Graben   C. Ch’ilbosan Horst 

1. Chaeteok-san  2. Ch’ilbo-san      3. Kilchu 

A. Basement Complex    b. Yongdong (Ryudu) Coal-bearing Formation 

c. Yongdong (Ryudo) Alkaline Basalt   d. Mueongch’eon Series  

e. Ch’ilbosan Volcanic Series   f. Pleistocene Basalt 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cross-sections through the Kilju-Meisen graben (Meisen  is referred to on DPRK maps as 

Hau)  Upper: (Adapted from Tateiwa, Folio#4 ) From the Kotendo and Schichichosan 

Quadrangles just southeast of the Punggye-ri Nuclear Test Site) Source: Tsutomu Ogura, 

Geology and Mineral Resources of the Far East, Vol. 2, 1952, University of Tokyo Press, 1969, 

p.16. Lower: From Kobayashi (1933). 

Cross sections show the general geologic setting of the North Korean Test Site with capping 

sedimentary and volcanic rocks overlaying a basement complex (undifferentiated intruded 

and stressed Jurassic age schistose granites/diorites and/or gneiss). 

 

Approx. setting of the NK Test Site 
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Appendix C: Folio # 14 Geology Summary (e.g., Saitoku) and Key Graphics 

110 I 

EXPLANATION oF GEOLOGY 
RY 

YOS/f/0 K!XOSAK/ 

SYNOPSIS 

:'llatcnrci system (Pu-C.11nbriau) 

Reitt'i gneiss, Kujikkoku gnei~!'l, Saitoku gnei!ll!l:, Biotite-­

gneiss, Plagioclasc-hornblcndc-!IChbt, graphitc-JJChi!llt, 

Dolomite ami Limestone, ~lagn<"!litc, \lica-~hi~t and 

Spotted mica-~h:st. 

Ign\."'US rocks of unknown age 

{ 

Kakuscnri ~histose !'i)'Cnitc, Y~nri .:histOlW: syenite, 

A Kwasd .. -ido 1\Ch:,too;e ~~ivritc, :\lei~ schbtosc granit(', 

Ryuyori JJCh:sto!iC gran tc. 

B I n:otite-diops"dc- <l:oritc, Koho granite, &:ikakoo •• aplite..·, 

I .\plite and 1\·gm:ttitc. 

c J Kakubuqn alkalic cr3nitc, Iluk:tkud.) gr;tn~tc..·, I lorn· 

\ blcn,Jt"-bi,:>tite·granitc and Tokurcido <h•ritc. 

Upp(•r Daidll !'iystem ? 

Bukkokuji series (l'jfo·r C.:rd•l<···'11S)? 

Scntok:1 g r:mite, Saitoku fJUJ.rtJ'·('II)rphyry, <2u.lrtz­

porphyry, Porphyrite, l..lmprOlJhyrc, :\Tonzonitc and 

Voges:te. 
-l/.\'t:O.\'FOA';1/f/l'-

Tc.:rtiM}' system 

J.:.yudo group { 
Hyudo fonuation 

Ryudo alkalic basalt form.ltion 

-PIG.t.t '.\T:O.VfVR.i/1/l'-

:\I cisen group 
J lldrokudo conghmwr.ttc forma.t:on 

l loand.J formation 

-V.\'C'.:'YftM'.II/Jl'-

. Toryusan alkalic trachyte j 
Sclciho b>salt 

r oryusan group . 
Bodon quartz•pnrphyr}' 

Toryuo;.an tuff fllrma.tit>n 

-l',\'C0.\'1-VIt.tlfn'-
(Juatcmary !'o)"!'.tem 

J Shintokuri congJ.,mer.tte 
Shintokuri croup l Shintokuri baotalt 

-l'.\'C'O.\'f.tlA'.II/JY-

{ 

Older fluviatile formation 

H.eccnt series Youn~cr fluviatile formation 

Talus 

MATENREI SYSTEM. 'l11c system compose~ the most 

part of the district. It consists much of Uolomite and limestone 

with biotite-gneiu (Fig. 56, 57), plagioclasc-homblcndc-schi~t 

(amphibolite} (fo'ig. !03), graphitc-M:hist, mic.1-~hi~t (Fig. 54) and 

spotted mica-schist ( l•ig. 40, 43). .o\5 the strata are ~ intensely 

dio;;turbcd (Fig. 15) and mostly indi·-tinct in strudure, the ~~tem 

is treated lithologically. and difft'rentiated into the above mentioned 

rocks. These rocks arc in some pla.ccs nut only inten.oli!Cly com­

mingled \\ ith t:ach other but al!'iO intruded by so many dyk~ and 

lit-par-lit injections of various rock• $\JCh as aplite, pegmatite, 

schistose gran:te and !'iCh:~tosc diorite th.1t th~.:y can not be 

diffL>rentiated on the maps. Saitoku gneisct, Kujikknku cnci.'IS and 

Reitei gneiss are the representatives of ~uch commin~lc.-d rock.<~. 

Although the ~ystem is intensely di~turbctl and the structure 

of the most part of it in the district i~ indi<ttinet, the outline of 

it may be supposed as follows. 

Lower pJrt. .Alternation o f dolomite and limestone with 

graphite-schist, biotite·gneiss, mica-schist, pla~ioclasc-hornblcndc-

schist. 1,;oom. 

r . ..t. 

:\Iiddle p.1rt. ;\[ainly dolomite, in placc:s conta:n'i magnesite. 

3,000 m. 

Upper part. Alternation of dol-.>mitc and limesto ne intcrcalat1.:s 

beds of miCJ.·schist or spotted mic.1·schist. 3,000 m. 

Under this supposition the gt:()logy of the di.,trict roughly 

mapped in Fig. 7 t. In the map Rcitci gnt:iss, Kujikkoku gneis.'!' 

and Saitoku gneiss arc al50 included in the )ower p."trt. 

Dolomite is in the mo~t C.'l~ a white medium or coarse 

crystalline rock and i5 almo!'t pure (Table II}. It is ~metimes 

impure and contains a tolerable :tmount of coloured minerals. 

According to the ess.·ntial colnured minl·ral" the impure roch 

are divided into for..tl'f'ite-clolomitc, homblcnc.k ... dolomite (Fi~. 5~). 

phlogopite-fo~teritc--dolomitc and phiOJ;:otkte-humbkndC"-dolomite. 

Sometimes pset.~<lomorphs of b.uite arc ft)Und in :.!most pure 

dolom:te (Fig. 4')), 

l...inll>stone is in most ca1n a\\ hite mcJium or coarse crystal­

line rock, and i'i almo~t pure, but impure kintl5 arc not rare 

(Table I). According to the t:!Knti.ll co),)urc:-J mineral!'! the 

impure limt:stones arc tlivided into hornbknde-limc~t,Jnt·, fc)r'itcritt.­

limcstone, diopside-limestone, phlogopite·lin:estnne, for!'tt·ritc­

phlogopite-limestone (F ig. sol, forstcritl .. graphitc-limc!itone, horn­

blcnde-graphitc-Iimc!-.tonc, hornb!en(k·t'hlogupitc·limcMonc, diop­

sidc.."-phlogop:tc-limestonc (Fig-. 5 t ), hornhlcndc.."-c.liopsidc-forstt:rite­

graphitc-limc!'ltOnc, diopsidc-hornbkndc-limestonc and fo~tc:ritc..­

diop!'lide·limestonc. 

The rock plainly composed of c.1lcitc and dolomite i.e. dolo­

mitic limestone is not abundant in the t.listrict. 

:\lagncsite occurs in the dolomite of the middle part of the 

system in the two localities, T.likway()(lo (Fig. :!5) (Shimpul..-ujo 

sheet), and along the river llokudJi!'('n (G~kuri ~heet). In the 

fanner it fonns a gigantic lenticular m.n.•• and in the bttl-r frnms a 

\'ein. :\lagnesitc: from the both k1C3liti4.'S is white coarse cry~talline 

and is almost pure without any admixt<trcs except scanty amount 

of talc, To1ble V (i), and Ieuchtenbcr~ite (Fig. 67), (Table Ill). 

l.cuchtenlx-rgite occurs in <kllornite in Taikwaroclo (Fig. :04) 

(Shimpukltjo shet:t), and r.mns a nu"-s or a rock cornposl-d almost 

only of the mineral without any admixt.tr~ in the m.1in parts of the 

mass. 1 he mineral is white ami soft. lndi\'iclual crystal is almost 

small (diametre i~ 0. 1 mm.) and ~.lly. Cptically biaxial po!'itive. 

zV is very small. ln·k·x of rcfr'<'tction a·. 1.5715, tJ •·• L5i6. 

SpecifiC gravity 2.6). Chemical nnaly!-ii~ is !i!hown in Table V (6). 

Phlogopite in the dolomite and lime!iltnnc, <:spcci.tlly in the 

limestone of the lower part o f the "Ystt·m \\ hl·rc: pcm:tratOO by dykes 

of p<'gmatite, fonns in some place:!'! workable depQs:t~. '11 .Among 

the many phlogoi>itc depo~its in the di~hict, the dcpos:h of the 

H oshi mica mine with its vicinities (Fig. 9, :':0, :!~) and the Renda 

mica mine (Fig. rz) are important. Jn tlu-se localitic!'l phlogopite 

occurs as \'<:ins, pocki:ts and di~seminatcd depo~t<t in lime!'ltone, 

associated \\;th dior-idc, fo""terite and ~1politc (Fig. Z9, ;o, 47, 75). 

Phlogopitc tmm; dark brown, rcddi.o.;h brown, p.1le brown or 

nearly colourless !'ix-sidcd pri~m.1tic cryt-tals and ~hows t 11lO\\;ng 

crystal faces (Fig. 38). 

b(o10), c(o01), p(o;o), •(o>l), ~·(on), c(O>J), ~· (oJ,), 

E(o.oo.;), r(101), x( t Ol), a(to•), p(ln), k(nS), 

n (n>), Z(nJ), h (,,5), f(331), '(JJ,), n (223), d (1!4), 

z (13,), (1.8.oo)>. 

Clea\'agc is perf~..'Ct parallel to c. Glidint: along the cleavage 

paine is common. Optically biaxial ncgati\'e. Optical angle is \'cry 

small. Chemical analy'iCS arc ~hown in T.tbll· V (5), (~).(9), (10). 

L.uge crystal~ attain rocm. along prism and 70cm. along 

base and wcich about 1 so kg. in one cry:-.tJl (Fig. 37). 

Diopsidc forms light green translucent prismatic crystals. 

Follow in~:: crystal faces arc obsen•cd (Fig. 39, 7 J). 
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a(UX>), b (or l), c (oor), m ( rro). p (!Or), z (o,.), u (rr r). 

s ( 1 rr), o (2z.), c (• •rr). 

Cleavage is di!-tinct paral!cl to a, b and m. Clear parting 

parallel to c i!'l characteristic. llardncss 6. Specific c: ravity J . .:S. 

2E 110'·. Optically posi tive. Plane of optical axes p .. u a llcl to 

b. ~z 38 in obtuse p, fJ .-;- 1.6]8). Lar~c crystals attain so em. 

along pri"m and zo em. a Inn;:: base. Table V (3). 

For~tcritc forms light to dark grC\:n tr.1nslucent cryc;tals. 

Following crystal faces arc ob~crv£'d ( Fig-. 41, 74). 

b(oro), c(oor), m( rro), s(rzo), r(r30), c(rr r), f(12 r), 

k (021). 

Clcilva~c is distinct paralld to h anll c. Hardncs!'l 6.5. 

SpecifJC ~r3vity J.osr. X b, \' c, Z a , fl -"-. 1.6615. J.arcc 

crystals attain 40 mm. along' prism. Table V (4). 

Nephclitc is rarely found in phlogopitc deposits. It forms 

with it!'elf :t rock h.·wing !iporadical impregnation of phlogopitc 

and plagiocla~. 'Dte rock (omts d)•kc~ about 50 em. wide 

penetrating limestone. The mineral is J:rey t ranslucent and is 

p:crced by white vcinlcts o( cancrinite (FiR". 48). Opt ically uni­

axial negative. Index o( refraction "'===:: 1.534, £ •• z.SJOS. 

Chemical analy!'OiS or the mineral is shown in Tilble v (I). 

Graphitc-~hist is a ~n:y schistose rock. It is mainly com­

posed or gr.tphitc, quart?., orth:)Ciasc, chlorite, actinolite, phloc-opite 

and diopsidc I Fig. 58), Table IX ( 1), (3). \Vhcrc the rock p:ercc..'<.J 

by pegmatite there are found relatively large scales of graphite. 

Large scales of that kind arc mined in some places as graphite 

deposits (Fig. ro, 31, 34, 35), Table V (4). 

Relatively large crystals of sillimanite, st.turolitc, actinolite, 

tremolitc and con.licritc (Fi~. 40, 4Z, 43) and mineral depos:t~ ol 

gold, silver, copper, zinc, lead, iron and titanium (Fig 13, z 1, zS, 

6~, 6g, ;o) are found in the sptem. 

The systcu1m !'belongs to the one of the three supposed l'n::­

Cambrian systems in Chosen, but as to its strict geological a~c 

nothing is known at prc!'ent. 

IG~EOUS ROCKS OF UNKNOWN AGE. ~lat<nrei 

!'ystem is intruded by m.1ny kinds of ignc..-ous rocks which arc 

supposed to be older than the Rukkokujian. The igneous rocks 

m!ght have 1>4..--cn intruck'll in several times bch,cen Pre-Cambrian 

to Bukkokujian, but nMhin;:: the geological age of each intna.,.ion 

nor the strict intrusi,•e relations among- the igneous rock1 them­

selves in lllO!!t ca~s is known. 

The ignc..'Ous rocks contain granite, diorite, aplite, pcgmatitt', 

alkalic gran:tc, and arc according to the ~histosity rou~hly 

grouped in thrc..-e types, distinctly schitosc (A) (Fig. 55), )l3rtly 

!;Chistosc {Il) and not schistose (C). E.ach of the three t}'llCS 

contains several rocks aot shown in the ~ynopsi"t. 

Kaku!ienri syenite consi<~lto~ nf <lrhi<:.tno;(' biotite-<:.yenite, schi,tos~ 

cJ:o~ide-biotit~-~renitc, schi!!,tO!'C biotite-hornblende-syenite ancl 

schistose hornblende-syenite and contains many xenoliths of the 

)latenrci system. 

\'oscnri syenite consi~ts of schistose biotite--homblcndc-syenitc 

and is almo~t free from small xenoliths. ChcmiC3l analysi' of 

the rock is shown in Table IV (;). 

Pegmatite belongs in mO!'it cases to the ordinary k:nu, and 

consists n1.1inly o( quartz, fcldsp.1r and mica, but one fuund ncar 

the Hoshi mica mine belongs to alkalic type. The alkalic pegmatite 

occurs as a dyke, about 30m. wide, with the trend of N. 30' \V. 

in dolom:te. It consists mainly of aC'bryrite-augite au,J quartz. 

accomp1nying a little of orthoclase and titanite (Fig. :!6). 

Aegyrite-augite of the pegmatite is a black pri~matic mineral 

and shows following cryst..ll f.:~ces (Fig. 44, 45, 7~). 

a(roo), m(rro), b(oro), e(orr ). 

Parting: nearly parallel to c is (fstinct. Spedic gravity is 

3-40. Strongly pleochroic, ca dc..-cp s::rcen, fJ light green, y )·dill\\': 

a>fJ> Y Optically biaxial neg:Ui\'c. Plane o( opt:c axes parallel 

to b. eX.==: Is' in acute /1. Large crystals attain z m. along 

prism. Chemical analysis o f the mineral is shO\m in T<ablc V (:!). 

Kakubusan alkalic c-ra.nite is a light greeni"h medium ~r<lincd 

rock. According to the component aniner01ls the rock divided 

into aeg:yritc-granite (Fig. 6o), aegyrite·ricbcckite·granite, ricbc..-ckth."­

s::ranite (Fi~. 61) and aegyrite-biotite-granitc. Chemical analy"iis 

of the acgyrite-gran:te is shown in T.:~ble IV (1), (Fig. Go, 61). 

Scikakudo aplite consists of pegtnatitic and a1,litic rocks (Fig. ;ry 
an.! cont.:~ino; many xenoliths of Matenrci ~y!>tCm (Fig. q). 

JloH>prings arc found in On:~>endo and in it~ \•icinity (Koho 

!-ihect). In the former the hot-springs gush out along the fissures 

in Koho granite (Fig. 33, 36), Table X. 

UPPER OAIDO SYSTE\t?. In the &,tr:ct, t:p;><: D.tiJ<> 

!-y ... tcm is rcprc!;Cnt~ by ~::ver.tl igneous tl~ocks of srappos<"d 

Dukko:..:uji"' ~t·r:c..-s, (formerly calkd Fukkokuji !'Ocrit:s}, and arc 

rcprc..'Sentcd by sur£.1ce flows, dykt'5, and p.1rtly porphyrit:c g:ran:te 

(Fi~. 16, 17, 02). As these rocks arc clo5ely resembling cc:rta!n 

i~ntous rocks of the Bukkokuji serks in Chnscn, it is 5uppO!t('d 

tlut the rocks may be: includt"d in the ~crit:l'l, but as (or the stric.;t 

gc..'Oiogical age or the rocks nothing- is known in the district. 

TERTIARY SYSTEM. Ryudo and Meisen groups con6t 

d alk;.tlic b.lsalt flows and terrigenous depo!>its witll some co.ll 

scams (Fig. 11, J~). Ryudo alkalic ba.'\Jlt fomution cons: -t5 

mainly of an accumulat:on of many flows o( alkalic bao;alt inter­

calating turiand sandstone (Fig. '7). T he alkalic basalt is a black to 

grer aphanitic rock showing a torclable amount o( ozthoclase under 

th~ m!croscopc in thin 5eetion. Table IV (5). The gmups 

contain some animal and plant rem .. 1ins. 

The plant remains o( the groups arc considered by Tatciwa n 

""' of Olit;ocene-Eoccnc, and \fakiyama ' 1 r~g-.uds the an!mal 

nmains o( the lower part of ~tciscn gmup (I fclrokudo cnng:v­

tn<'ratc form::ttit,n and ln..1ndo forrn:ttion in this d:!>trict corrc::-:pond 

to the lower put of !\leiscn group) as of Upper Eocene. 

Toryus::tn ~roup cono;ists mainly of volcanic flr>ws and tufto; 

(Fig. 1 S). Sckiho basalt is an accumulation of m .. 1ny th:n flows 

of olivine-basalt (Fig. 66). Toryus.1n alkalic tr.tchytc cons:c.tl'l of 

!>urface flows. In the district the eruptive centre of the flow~ i:" 

suppos<..-d to be ~It. Toryusan \\ h:ch occupys the northwcMcrh 

corner of the district and lies at the southern c:1d of the llakutu 

,-olc:mic range. 'D1c alkalic tr;:tchytc is a crcy porphyr:tic rock 

with phenoCrysts of anorthoclase. ·nlC ground nt.us of the rock 

con~ists of alkalic fcldsplr, aC~,ryritc, aegyritc·augitc, barkcvikitc, 

riclx:ckite, acnigmatitc ami glass (Fig. 63, lit). Table JV (.'). 

Tor}'US3n tuff f<Jnnation cotuht!t mainly o f tuff of alkalic t ... t ... la)·tc, 

l"ablc IV (J), with fragments of alkalic trachyte, oLs:Jia:-~ and 

1~-ds or fragments of pumice (Fig. 65). The strict geolo~(coal 

ag:e of the group is not distinct, but it is con-;iderc.."'tl from the 

stratigraph:cal and petrographical characters to be the same age 

.as of lhc Shichihosan:.., group o( supt:oscd younger Tertiary. 

QUATERNARY S' STEM. Shintokuri basalt of Shintokuri 

gru11p is an accumulation of thick nows or olivine-basalt. The 

art.l of the basalt in the di!-itrict belongs to the southern mart:ut 

o( a great mesa of basalt arowu.l Mt. IJakutosan (Fig. 19, :!0), 

Tobie IV (6). 

(') Kaw:1..!13ki, s.. 

(') 
(3', l'bkiyam.1, J.: 

(•I T.lto:iwa, J,: 

lS) \"anu.:nri, F.: 

I.JTERATURES 
~li<.:::L in <1KWn; l luU. Cif) the Mii ... T.\1 Nlr\cy d u .... '-,'• \'·~­
II, 1'12J. 
l;..-..l<vy anti ~linl"ml IU~-s of Knc~, I<J26. 

'fmbry z.-• ....&l-1 r, ... n ~. K:mky•J-Ilo, "'''""'1.. ~km .. s.... h<~JO. 

Uni~. Kyct .. , \'ol II, ;\"1\. 3t ·~· 
G4.doRial .;\ttt. ~.r u~ .. ;..,~, 4, ' ~S· 

(:~ial J\tht or tn·r.m, ;..· ... 3. 1925· 
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Saitoku (Punggye-ri) Quadrangle Geologic Map, from Folio #14, 1932, Japan. 

Area is just south of the Punggye-ri Nuclear Test Site 
  

 
Geological Cross-section from Saitoku Quadrangle, about 20 kilometers south of 

the Punggye-Ri Nuclear Test Site, from Folio #14, 1932, Japan 

(Source Buttleman and Matzko, USGS) 
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Cross-sections with Legend and Columnar section from Folio #14 just south of the 

Punggye-ri Nuclear Test Site Source: Collection and Digitization of Data from Geological 

Atlas of Chosen Folio No. 14 Saitoku, Shimpukujo, Koho, and Gosukori, Sheets by Yoshio 

Kinosaki, Governor General of Chosen Geological Survey Kokamondori Seoul July 1932 

(Source Buttleman and Matzko, USGS) 
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Geologic Map of Chongjin, 1955, Japan  

The geology of the area of study comprising the Punggye-ri nuclear test site was not 

mapped.  (Scan courtesy of Jane Ingalls at Stanford University)  

Area of Study comprising the 

Punggye-ri Nuclear Test Site 
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