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Hydrogen and Oxygen Isotopic Compositions of Tertiary

Montmorillonites in Southern Korea

Hi-Soo Moon

Abstract: Hydrogen and oxygen isotope ratios of thirteen of the under 2 micron size fraction of

the montmorillonites were measured. The oxygen isotopic compositions of these samples range from

+17.0 to +25.1 permil and the hydrogen isotope compositions range from —47.5 to —65. 8 permil

with an average standard deviation of 0.7 and 2.7 permil, respectively. The oxygen isotope compo-

sitions show a positive relationship with stratigraphy whereas the hydrogen isotope compositions do

not. It suggest that the montmorillonite attained isotopic equilibrium at the maximum burial depth

and ratained their oxygen isotope composition on subsequent uplift.

Possibilities of montmorillonite formation by weathering or hydrothermal alteration of volcanic

material are eliminated by the 6D and 6'®0 values of these samples. Calculated formation tempera-

ture lie between 29 to 80°C.
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Table 1 Details of occurrence of the examined samples.

Sample No. Description Stratigraphic horizon
Y-13 Beige, massive montmorillonite Janggi group, Janggi Conglomerate.
Y-11-1 Pinkish, friable montmorillonite Janggi Group, Nuldaeri Tuff
Y-22 Pale greenish grey, Varve-like structure in the | Janggi Group, Lower Coal-bearing Formation
lower part of the montmorillonite

Y -33-2 Yellowish green to green, friable montmorillonite | Janggi Group, Lower Basaltic Tuff

Y-3-1 Mud-ball sturucture, Mixture of brown and Janggi Group, Lower Basaltic Tuff
green montmorillonite

Y-16 Pale beige, massive montmorillonite Janggi Group, Upper Basaltic Tuff

Y-46 Bluish green, massive montmorillonite, Contains | Janggi Group, Hyodongri Volcanics
volcanic debris.

G-66-2 Massive, green contains volcanic debris Janggi Group, Hyodongri Volcanics

G-YD-2 | Green, friable biotite rich in the lower bed, Beomgogri Group, Yongdongri Tuff
montmorillonite

H-5 Green to dark green, massive montmorillonite | Not confirmed, but Janggi Series,

Haseori Andesitic Tuff

H-G-39 Yellowish green, friable montmorillonite Janggi Series, Haseori Andesitic Tuff

H-U-33 Dark green, massive, soap feeling, montmoril- | Janggi Series, Haseori Andesitic Tuff
lonite

C-84 Pale yellow to Yellowish green friable, pure Yonil Group, Chunbug Conglomerate
montmorillonite
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Table 2 Isotope compositions of <2micron size

fractions of the montmorillonites.

Sample No.

3180 (%) 0D (%s)
Y-13 +17.0 —53.4
Y-11-1 +17.9 —51.9
Y-22 +16.9 —59.5
Y-33-2 +20.8 —61.2
Y-3-1 +19.5 —47.5
Y-16 +20.6 —51.5
G-46 +22.9 —59.7
G-66-2 +22.8 —59.8
G-YD-2 +23.0 —50.1
H-5 +25.1 —54.0
H-G-39 +24.3 —54.1
H-U-33 +24. 4 —65. 8
C-84 +24.7 —5b7.3

All the reported values are the average or two det-
ermination; average standard deviations are 0.7 and
2.7 permil for oxygen and hydrogen respectively.

Table 3 Isotope compositions of surface water in sou-
thern Korea(after Kim and Nakai, 1981).

Locality pH 580 (%0) 6D (%0)
1. Pohang 7.00 -7.7 —50.5
2. Bugog 7.26 —5.6 —43.5
3. Magumsan 7.15 —6.1 —43.6
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Fig. 1 Plot of 6D aginst 8¥0 for montmorillonites

together with meteoric water line defined by

Craig (1961) and montmorillonite line defined

by Savin and Epstein (1970). (Symbols: black

circles for the sample from Janggi area; open

triangles for Gampo area, Solid triangles for

Haseo area; Square for the pohang area.

Sarface water of the area are represented by
open circles).
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Table 4 Calculated formation temperature and burial
depth from oxygen isotope compositions.

Formation | Estimated
Sample No. | 1000 /7 a | temperature | Burial depth
() (m)*
Janggi area
Y-13 16.9 7 2690-1900
Y-11-1 17.7 71 2430-1720
Y-22 16.6 80 2820-2000
Y-33-2 20.6 51 1560-1100
Y-3-1 19.3 59 1910~-1350
Y-16 20. 4 52 1600-1130
Gampo area
G-46 22.9 38 1000-700
G-66-2 22.8 38 1000-700
G-YD-2 22.7 38 1000-700
Haseo area
H-5 24.8 27 520-370
H-G-39 24.0 31 690-490
H-U-33 24.1 30 650-460
Pohang area
C-84 24. 4 29 600-430

*:The range of depth of burial for each sample is
based on geothermal gradients of 2.3°C/100m
(present day) and 3.25°C/100m (Tertiary).
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Fig. 2 Estimated depth of burial based on the for-

mation temperature using palaeo- and present-
day geothermal gradient.
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