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ABSTRACT

Green mica which had been found in the Jangsan Quartzite (metamor-

phosed orthoquartzite) of Cambrian age, exposed in the Janggun mine 

area, Republic of Korea, was mineralogically investigated. As a result, 

it has been confirmed that the mineral is vanadium-bearing muscovite 

containing a small amount of chromium. The mineral flakes occur main-

ly along the boundaries between quartz grains, closely associated with 

vanadium tourmaline and graphite. The mineralogical properties of the 

dark green variety may be summarized as follows. 

Basal cleavage is very perfect, optically negative, 2V=35•‹36' (observ-

ed), 31•‹10' (calculated). Refractive indices: ƒ¿D=1.573, ƒÀD=1.610, ƒÁD= 

1.613,ƒÁD-ƒ¿D=0. 040 (all•}0.001). Density (calculated) =2. 84g/cm3. Anal-

ysis by electron microprobe gave: SiO2 44.70, TiO2 0.53, Al2O3 31.03, 

Cr2O3 0.80, V2O3 5.09, FeO 0.89, MgO 0.56, Na2O 0.34, K2O 10.51, sum 

94.45 (all in weight percent). This corresponds to the formula on the 

basis of 0=22: (Na0 .09 K,.83)ƒ°1.92 (Al3.10 Ti0.06 Cr3+0.09 V3+0.56 Fe2+0.09 Mg0.11)ƒ°4.01 

(Si6.11 Al1.89)ƒ°8.00 O22. X-ray study showed the mineral to be two-layer 

monoclinic, 2M1 polytype, space group C2/c or Cc with a=5.210, b=9.032, 

c=20.086 A, ƒÀ=95•‹38'. The strongest reflections (30 given) are, 10.01 

(66) (002), 5.00 (24) (004), 4.48 (12) (110), 3.50 (11) (114), 3.34 (100) (006),

3.21 (12) (114), 2.996 (15) (025), 2.866 (13) (115), 2.797 (10) (116), 2.571 (16) 

(202), 1.997 A (31) (00•E10). TG curve shows the gradual and continuous 

weight decrease from 100 to 1000•Ž. DTA curve shows extremely broad 

endotherm with a maximum at 600•`700•Ž. The infrared absorption 

spectrum is almost identical with that of normal muscovite. The strong 

absorptions are; 3630 cm-1 in OH stretching region, 471, 530, 750 cm-1 and 

a triple at 1080, 1035, 990 cm-1 in lattice vibration region. The material 

is shown in electron micrographs to occur in small, poorly-defined flakes 

commonly grouped together in irregular aggregates. Selected-area elec-

tron diffraction pattern from a thin, single particle shows the hk diffrac-

tion spots with a pseudo-hexagonal array.

* Presented at the Annual Meeting of the Japanese Association of Mineralogists , Pe-
trologists and Economic Geologists, held in Sendai City on February 2, 1979 (Imai et
al., 1979). 

** Present adress: The Kamioka Mine Office, Mitsui Mining and Smelting Co., Kamioka, 
Gifu Prefecture, Japan.
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From the geological environments of the Janggun mine area and the 
mode of occurrence of the present green mica, it may be concluded that 
vanadium and chromium present in the mineral are primary constituents, 
and that the mineral is of metamorphic origin rather than hydrothermal 
or metasomatic.

INTRODUCTION

In the course of a study of geology and petrology on igneous and meta-
morphic rocks in the environs of the Janggun lead-zinc-silver mine, Repub-
lic of Korea, an occurrence of green mica from the Jangsan Quartzite For-
mation of Cambrian age had been noted by the present authors. During 
their field works, it was tentatively identified as chromian mica (fuchsite), 
but further investigation in laboratory proved it to be a vanadium-bearing 
muscovite containing a small amount of chromium. 

This paper provides some mineralogical data on the Janggun material 
together with geological features and its mode of occurrence, and finally 
discusses its genesis.

PREVIOUS WORKS

Vanadiferous mica called roscoelite (Blake, 1876) is a rare mineral in 
nature, having been known to occur at only a few localities. Despite the 
long history of its research, little works on this mineral have been published 
so far (Genth, 1876; Wright, 1914; Wells and Brannock, 1946; Heinrich and 
Levinson, 1955; Yoshimura and Momoi, 1964; Ito, 1965). Roscoelite has gen-
erally been accepted as 1M-type mica in which vanadium replaces much of 
aluminum in the octahedral sites, containing approximately 17 weight per-
cent V2O3 or more (Heinrich and Levinson, 1955; Deer et al., 1962). On the 
otherhand, there is a normal muscovite with 2M structure, in which small-
scale substitution of aluminum by vanadium takes place (Heinrich and Le-
vinson, 1955). Accordingly there remain some doubts as to whether all 
materials previously described as "roscoelite" belong to roscoelite in a strict 
sense or not. 

Muscovite containing a substantial amount of barium has been known as 
oellacherite or "barium muscovite", although it is rare mineral (Dana, 1914; 
Bauer and Berman, 1933; Heinrich and Levinson, 1955). In Japan, Hirowatari 

(1957) reported a manganobarian muscovite from manganese deposits of the 
Muramatsu mine, Nagasaki Prefecture. Also, barium-vanadium muscovite 
with 2 Mi structure in close association with vanadium tourmaline (Badalov, 
1951) has been reported from Mariposa County, California by Snetsinger 

(1966). 
The green mica which is chemically similar to both roscoelite and oel-

lacherite had been known to occur from the vanadium deposits in north-
western Karatau, Southern Kazakhsten, U.S.S.R. (Kultiassov and Dubinkina, 
1946). Recently this mineral was re-examined by Ankinovich et al. (1972)
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and was named chernykhite as a new mineral (Fleischer, 1973). 

LOCATION AND GEOLOGIC SETTING

The Janggun lead-zinc-silver mine is located about 8 km southeast of Imgi, 

in Socheon Myeon, Bonghwa Gun of Gyeongsangbug Do, Republic of Korea, 

approximately at lat. 36•‹51' N, long. 129•‹04'E (Fig. 1). Geotectonically the 

Janggun mine area corresponds to the northeast margin of the Ryeongnam 

Massif where gneiss and schist complexes of Precambrian age crop out ex-

tensively. The regional geology including the mine area was investigated 

by Kim et al. (1963). Subsequently, the local geology of the mine area was 

studied in more detail by Lee (1967), Hwang (1968) and Hwang and Reedman 

(1975). 

On the Samgeun-Ri Quadrangle including the Janggun mine area, the 

rocks of the Weonnam and Yulri Groups of Precambrian age are widely ex-

posed. In the mine area, however, there is a sequence of metasediments 

nearly 1500 m thick, comprising the Dueum-Ri Schist Formation, Janggun 

Limestone Formation, and the Jangsan Quartzite Formation of Cambro-Ordo-

vician age. The Dongsugok Schist Formation and the overlying Jaesan 

Coal-Bearing Formation of Permo-Carboniferous age rest unconformably 

upon the Janggun Limestone Formation. The rocks of these formations, 

some of which are high-aluminous in composition, have been subjected to

FIG. 1 Map showing the location of the Janggun mine.
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an intermediate P-T regional metamorphism during the Daebo Orogeny, and 
the grade of metamorphism ranges from the low greenschist to the lower 
amphibolite facies. The Chunyang Granite which has intruded into the 
above formations is exposed widely as plutons in the western part of the 
mine area. The K/Ar ages of biotite in the granitic rocks (two mica gran-
ite) were determined as 133 million years, B. P., corresponding to the Dae-
bo Granite of late Jurassic or early Cretaceous age (Kim, 1971). Scattered 
throughout the mine area, are many dyke swarms of basic andesite (por-

phyrite) and of granite pegmatite which is considered to represent the most 
youngest rock in the mapped area. 

A thick accumulation of metasediments, excluding the Jangsan Quartzite 
Formation of Cambrian age and the Jaesan Coal-Bearing Formation of Per-
mian age in the mine area as noted above, was originally regarded as be-
longing to a part of the Weonnam Group of Precambrian age, but recently 
Hwang and Reedman (1975) have considered that the rocks represent the 
enfolded outlier of Palaeozoic age. This view has been supported by the 
field survey of the present authors. Namely, the Jangsan Quartzite Forma-
tion is considered to form the basal unit of the above-mentioned Cam-
bro-Ordovician sequence.

THE JANGSAN QUARTZITE

In the southern region of the Korean Peninsula, the Jangsan Quartzite 
Formation representing a basal part of the Cambro-Ordovician sequence, 
which corresponds to the Joseon Supergroup, rests unconformably upon 
Precambrian schists and gneisses. It consists of compact, cliff-forming, 
white grey or brown quartzite and varies from 50 to 200 m in thickness. 
The presence of scattered pebbles or pebbly lenses, together with small-
scale cross-bedding at many places, is indicative of deposition in shallow-
water near-shore environments (Reedman and Um, 1975). From these fea-
tures, an original rock of the quartzite now in question may be regarded as 
belonging to orthoquartzite representing a quartz-arenite lithofacies (Yun, 
1979). 

In the Janggun mine area, the Jangsan Quartzite Formation from which 
the present green mica has been found occupies the northern ridge of the 
Janggun Valley running in E-W direction, forming a steep cliff, strikes ap-
proximately E-W with a steep dip of 80°--90°N, and is adjacent to metasedi-
ments of the Yulri Group at the northern side. This formation consists 
mainly of compact, greyish white or brown micaceous quartzite and has a 
maximum thickness of about 150 m. In some horizons, especially near the 
base, pebbles are predominantly distributed. Occasionally, the quartzite 

preserves faint relicts of small-scale cross-bedding and graded bedding. In 
some places, there is quartz-muscovite-andalusite schist characterized by the 
well-marked foliation due to oriented flakes of muscovite. 

In thin sections, the rocks are composed essentially of quartz with subor-
dinate amount of 2M1 muscovite, and an anisotropic fibrous mineral which
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is possibly sillimanite, and minor quantity of tourmaline and graphite . 

Flakes of muscovite range from 120 to 400ƒÊm in length, and from 20 to 40 

ƒÊm in width. The tourmaline is free from vanadium
, at least below the 

detectable limits of microprobe, and closely associated with muscovite . It 

ranges from 40 to 100ƒÊm in length and less than 20ƒÊm in width with eu-

hedral or subhedral form, and is strongly pleochroic, i, e. , O=purplish blue, 
E=pale bluish green. The quartz is extremely variable in grain size from 

200ƒÊm to more than 1 mm across, probably reflecting the poor sorting of 

the clastic quartz, and shows interlocking texture. These may show the 

marked contrast to meta-chert consisting of even-grained quartz
, and may-

indicate the recrystallization due to regional metamorphism from ortho -

quartzite. 

The presence of "dusty rings" indicating the secondary growth of clastic 

quartz has been regarded as one of the characteristic features of ortho-

quartzite. In the present case, faint relicts of "dusty rings" are occasionally 

visible. Small grains of clastic zircon and magnetite are observed to scat-

ter throughout the rocks.

MODE OF OCCURRENCE

Available field data obtained so far indicate that an occurrence of the 

green mica in question is confined at the lower horizon near the base of 

the Jangsan Quartzite Formation, where pebbles or pebbly lenses are domi-

nant in distribution. The mineral is divisible largely into the following two 

varieties on the basis of its mode of occurrence and external appearance . 

(1) Pale grass-green variety scattering homogeneously throughout the base 

of white quartz. The individual flakes range from 100 to 150ƒÊm in length 

and from 10 to 40ƒÊm in width, and display weak preferred orientation . (2) 
Dark green variety, which constitutes the patches as large as 2 cm long

, 
concentrating locally in milky-white quartzose base . The individual flakes 

of the mineral is comparatively coarse-grained, attaining to 800
,am in length 

and 200ƒÊm in width (Fig. 2). 

It is noticeable that, in both modes of occurrence (1) and (2) , the green 
mica is not only closely associated with quartz and graphite

, but also with 
vanadium tourmaline (Badalov, 1951; Snetsinger, 1966). The tourmaline ex-

hibits subhedral to anhedral shape and occasionally with well-rounded form
, 

ranging from 10 to 100ƒÊm in length, from 5 to 30ƒÊm in width . It has part-

ing parallel to the basal plane and is strongly pleochroic
, i, e., O= dark red-

dish brown, E=pale grass-green, showing marked contrast to the pleochro-

ism of vanadium-free blue tourmaline as noted earlier . Electron microprobe 

analysis indicated that it contained a small amount of vanadium (about 3 

weight percent V2O3), on which detailed study has not yet been performed . 

Most of the flakes of the green mica occur along the boundaries between 

quartz grains, but many penetrate the grains and sufficient numbers are 

enclosed within quartz grains, together with vanadium tourmaline and graph-

ite, indicating that the two vanadium-bearing minerals and quartz are the
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FIG. 2 Photomicrographs showing the mode of occurrence 

of green mica (specimen J-910). Left: one polar, right: 

crossed polars. Scale (horizontal bar) indicates 500ƒÊm. 

Abbreviations; m=green mica, q=quartz, g=graphite, t= 

vanadium tourmaline.

products of simultaneous recrystallization. It has usually perfect cleavages 

and contains minute inclusions of graphite.

MATERIAL INVESTIGATED

Among many rock specimens of the quartzite containing the green mica 
now under investigation, specimen J-910, in which the mineral shows the 
mode of occurrence (2), was selected because of the ease of purification, 
and was subjected to a close examination. 

Dark green patch consisting of scaly or felted aggregates of the mineral 
was extracted from the specimen with a steel needle and the purification 
of the sample was made by careful selection under the binocular micro-
scope. The sample thus prepared was examined by both optical and elec-
tron microscopes with the aids of X-ray diffraction and infrared spectrome-
try, in order to detect the impurities (quartz and vanadium tourmaline). 
In particular, 1380cm-1 band on the infrared absorption spectra served to 
detect vanadium tourmaline. The results showed the purification to be sat-
isfactory, except for the presence of negligible amounts of finely-intergrown 

quartz and vanadium tourmaline.
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RESULTS 

Optical and other physical properties

The optical and other physical properties of the present material may be 

summarized as follows: Refractive indices as determined by wave-length 

dispersion method using immersion liquids are: ƒ¿D =1.573, ƒÀD =1.610, ƒÁD= 

1.613, ƒÁD-ƒ¿D=0.040 (all•}0.001). It is optically negative with 2V= 35•‹20'•`

36•‹40', mean 35•‹36' (observed, D-line), 31•‹10' (calculated). Pleochroism: X= 

light bluish green, Y•àZ=yellowish green. Optical orientation: b=Z, c•ÈX= 

2•‹•`3•‹, optical axial plane//(010). Absorption: X>V•àZ. Dispersion of the 

optical axial angle: r>v, distinct. Density: ƒÏ=2.84g/cm3 (calculated).

X-ray diffraction analysis

X-ray powder diffraction patterns for the green mica were recorded with 

a Rigaku Denki "Geigerflex" diffractometer. Ni-filtered CuKƒ¿-radiation (ƒÉ= 

1.5418 A) using graphite monochromator was employed. Extra-pure silicon 

(99.9999 percent pure, a=5. 4301 A at 20•Ž) was used as an internal standard. 

X-ray powder data for the present material are given in Table 1. A few 

reflections with weak intensities were omitted, since they were identified 

as impurities (quartz and vanadium tourmaline). Indexing of the resolved 

peaks on the patterns was made in the region up to 2ƒÆ=90•‹ (CuKƒ¿). They 

show the mineral to be two-layer monoclinic, 2M1 polytype, space group C 2/ 

c or Cc. Least-squares computer refinement of the powder data yields; a=

5.210A, b=9.032A, c=20.086 A (•}0.005A), ƒÀ=95•‹38' (•}5'), with a unit-cell 

volume of 940.1 A3.

Chemical analysis

Due to the fine scale of intergrowth of the green mica with quartz and 
vanadium tourmaline, and to a small quantity of the concentrates obtained, 
wet chemical analysis was not attempted. Accordingly the grains on the 

polished thin section were analyzed using a JEOL JXA-50 A electron micro-
probe. Qualitative spot analysis detected Si, Ti, Fe, Al, V, Cr, Na and K, 
but other elements such as Ba were below the detectable limits. 

In the quantitative microanalysis, accelerating voltage of 25 kV was used. 
The characteristic X-rays and analyzing crystals used and reference stand-
ards utilized here are listed in Table 2. 

Peak intensities of characteristic X-rays from microprobe were corrected 
for background and dead time, and the standard deviation was calculated 
for each determination. Atomic number, mass absorption and fluorescence 

(ZAF) corrections were made for the count rates using computer programs 
written by Shoji (Yui and Shoji, 1976) following the procedure outlined by 
Sweatman and Long (1969). Mass absorption coefficients were taken from 
Heinrich (1966), and electron deceleration coefficients (modified a) were 
from Heinrich (1967). The data processing was performed by use of the 
high-speed digital computer, HITAC 8800/8700 system at the Computer Cen-
tre, University of Tokyo.
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TABLE 1. X-ray powder diffraction data on green mica.

b; Broad reflection. 

1; Diffractometer data obtained using Ni-filtered CuKƒ¿-radiation with silicon as 

internal standard (specimen J-910). 

2; Calculated value on the basis of cell parameter; a=5.210, b=9.032, c=20.086

A, ƒÀ=95•‹38'.

The rsults of the quantitative microanalysis on the two grains are listed 

in Table 3. Each analysis represents the arithmetical mean from three 

spot analyses. The calculation on the basis of total O=22 in the anhydrous 

part of the composition in column (3) gave the following empirical formula: 

(Na0.09 K1.83)ƒ°1.92 (Al3.10 Ti0.06 Cr3+0.09 V3+0.56 Fe2+0.09 Mg0.11)VIƒ°4.01(Si6.11 Al1.89)IVƒ°E8.00O22. It 

was assumed that octahedral vanadium and iron were trivalent and
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TABLE 2. Characteristic X-rays and standards of each element 

for EPMA analyses.

* Natural minerals of known composition . 
** Synthetic minerals . 

TABLE 3. Electron microprobe analyses on green mica.

Numbers of ions on the basis of 22 oxygens

* Total iron as FeO . 

(1): Specimen No. J910-1. 
(2): Specimen No. J910-2.
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divalent, respectively. Aluminum to silicon atomic ratio in the tetrahedral 

sites is 0.31, being slightly lower than 1/3. Also, a slight deficiency of 

interlayer cations is observed. 

Thermal analysis 

Thermal analysis (TG and DTA) curves of the present material was si-

multaneously recorded with a Rigaku Thermoflex micro DTA-TG unit, at a 

heating rate of 10•Ž per minute in a static air atmosphere. It is well-known 

that DTA curves for muscovite are quite variable depending not only upon 

the material itself, but also upon the manner of sample preparation (e.g., 

Taboadela and Ferrandis, 1957). In this study, about 20 mg of dry-ground 

sample for thirty minutes was used. The curves are shown in Fig. 3.

FIG. 3 Thermal analysis curves of green mica (specimen J-910).

The TG curve shows the gradual and continuous weight loss over a wide 

temperature range from 100 to 1000•Ž without any distinct inflexions. The 

DTA curve shows an extremely broad endotherm with a maximum at 600•`

700•Ž, in addition to a slight endothermic effect at about 100•Ž probably due 

to hygroscopic moisture. 

Infrared absorption analysis 

Infrared absorption spectra of the present material, less than 5ƒÊm in 

particle size, were recorded with a HITACHI EPI-G 2 infrared spectropho-
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FIG. 4 Infrared absorption spectra of green mica (specimen 

J-910) .

tometer of grating type. One to three mg of the powder was mixed with 
about 300mg of KBr and pressed in vacuum; the disk thus prepared were 
examined in the frequency region from 400 to 1300 cm-1. The spectra of 
the OH region from 3000 to 4000cm-1 were obtained by the method using a 
nujol oil as the base to avoid the effect of absorption of water. 

As shown in Fig. 4, the spectra are very similar to those of normal mus-
covite as a whole. Namely, in the OH-stretching region, there appears a 

pronounced absorption band at 3630cm-1, close to the value found for nor-
mal muscovite. In the lattice-vibration region between 400 and 1150 cm-1 , 
the position and sharpness of the main absorption bands are almost identi-
cal with those for normal muscovite. In spite of the entry of magnesium , 
chromium and vanadium into the octahedral sites of dioctahedral muscovite , 
an absorption band with the frequency 935cm-1 of the type H-O-Al is well-
defined. It has already been pointed out that the substitution in octahedral 
sites of divalent cations for aluminum markedly influences the absorption 
bands Si-O-APT' in the region from 500 to 800 cm-1. In the present case, 
the amounts of divalent cations in the octahedral sites are very small , and 
no remarkable shift of the band from those of normal muscovite may be 
recognized.

Electron-optical investigation 

Electron-optical investigation for the present material has been undertak-

en with a HITACHI 700H high-resolution electron microscope at an accel-
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FIG. 5 Selected-area electron diffraction pattern from a 
thin, single flake of green mica (specimen J-910).

FIG. 6 Moire pattern on a dark-field image and the corres-

ponding selected-area electron diffraction patterns of 
green mica (specimen J-910). Scale (horizontal bar) indi-
cates 100 A.

eration voltage of 200 kV. Electron-optical images were taken at a direct 

magnification of•~105. The material was shown under the electron micro-

scope to occur in small, poorly-defined flakes commonly grouped together in 

irregular aggregates. Fig. 5 gives the selected-area electron-diffraction pat-

tern from a thin, single flake, showing the hk diffraction-spots with a pseu-

do-hexagonal array. Fig. 6 illustrates the moire pattern on a dark-field
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image and the corresponding selected-area electron diffraction pattern, 
showing the slight rotation of the superimposed two crystal plates. 

In order to reveal the surface morphology of the mineral, the small chips, 
the surface of which had been coated by gold with an ion spatter, were 

examined by scanning electron microscopy, using the SEM system of a JEOL 

JXA-50 A electron microprobe. The electron micrograph shows relatively 
large, flat crystals in a crude, book-like structure (Fig. 7). The basal sur-

faces are planar, suggesting little or no internal strains in the structure.

FIG. 7 Scanning electron micrograph of green mica (speci-

men J-910). Scale (horizontal bar) indicates 10 nm.

DISCUSSION AND CONCLUSIONS

Mineralogy

Summarizing the mineralogical data given so far, it may be said that the 

present green mica is a vanadium-bearing variety of 2 Ml muscovite, in 
which a small amount of vanadium and a very small amount of chromium 
replace about 1/6 of aluminum in the octahedral sites . 

It has been recognized that, in normal 2 M muscovite vanadium substitutes 
for octahedral aluminum in a small amount, and a small quantity of barium 
can also enter into the interlayer sites (Heinrich and Levinson , 1955). In 
fact, both natural roscoelite characterized by high vanadium content (Blake ,
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1876) and oellacherite or "barium muscovite" by high barium content (Dana, 
1914; Bauer and Berman, 1933) have the 1 M-type structure (Heinrich and 
Levinson, 1955). Also, Ito (1965) has pointed out that X-ray powder dif-
fraction data for synthetic roscoelite may be indexed on the basis of 1 M-
type mica structure. 

On the other hand, chernykhite which is chemically similar to both ro-
scoelite and oellacherite has been reported to have 2 M1 polytype with mark-
ed defficiency in the interlayer sites (Ankinovich et al., 1972) . This may 

give a contradiction to the above-mentioned statements, and further ex-
amination seems desirable. 

In his experimental study concerning the vanadium-bearing silicates, Ito 

(1965) has shown that synthetic roscoelite contains both V3+ and V4+ ions, 
the ratio of which depends upon the oxygen fugacity during the formation 
of crystals. Unfortunately, in the present study, the chemical analysis was 

performed by electron microprobe, and the valence states of vanadium were 
unknown. But, positive charges of cations are well balanced with 44 nega-
tive ones of anion unit 020(OH)4 in the structural formula per half unit-
cell, in which all vanadium ions are assumed to be trivalent. Also, in the 

present case, the carbonaceous matter in the original sediments would play 
a role as buffer to the increase of oxygen fugacity during metamorphic re-
action. It is, therefore, likely that all or almost all vanadium is trivalent 
in the present green mica.

Mineral genesis 

The association of the green mica with the Jangsan Quartzite and its 
absence in the other metamorphic and igneous rocks strongly suggest that 
the vanadium and chromium in the mineral are primary constituents. 

As already stated, the original sediments of the Jangsan Quartzite are 
considered to have been orthoquartzite (quartz-arenite) showing near-shore 
facies. In these unlithified sediments, some interstices between the grains 
of clastic quartz have probably been filled with fine-grained argillaceous 
materials containing organic matter. Heavy metals such as vanadium and 
chromium are, therefore, thought to have been fixed initially with carbona-
ceous matter in the argillaceous materials, possibly in the form of organo-
metallic compounds (Krauskopf, 1955; Snetsinger, 1966), although graphite is 
not so abundant in the present case. 

In the Jangsan Quartzite, the association of vanadium-free muscovite hav-
ing the 2 M1 polytype with vanadium-free blue tourmaline is rather common, 
and the occurrence of the green mica and associated vanadium tourmaline 
is restricted to the lower horizon near the base of the Jangsan Quartzite 
Formation. These facts suggest that the vanadium and chromium would 
have been concentrated at the initial stage of Cambro-Ordovician marine-
transgression, and would derive from the Precambrian basement rocks of 
land, whereas the boron would derive from the marine water. 

The mineral assemblages in the quartzite are not so available for judging 
metamorphic grade. However, from the mineral assemblages in pelitic,
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psammitic and calcareous metamorphic rocks, which rest upon the Jangsan 
Quartzite Formation in the mine area, it is supposed that these quartzose 
rocks have been metamorphosed under conditions ranging from the low 

greenschist to the lower amphibolite facies during the Daebo Orogeny .  M
icroscopic observation as noted before indicates that the green mica and 

associated vanadium tourmaline and quartz have been recrystallized met -
amorphically ; that is, a suite of the minerals has been formed during the 
same episode. 

Thus, it is concluded that the vanadium and chromium in these two min -
erals are primary constituents and the minerals may be of metamorphic ori -
gin rather than hydrothermal or metasomatic (Heinrich , 1965).
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