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Mineralogical and Chemical Variation in Weathering Profile on
Ultramafic Rocks During Vermiculitization

Hi-Soo Moon*, Yungoo Song* and Sang Eun Sin**

ABSTRACT : Several vermiculite deposits occur as the alteration product from phlogopite in ultramafic rock,
in the Hongseong and Cheongyang area, South Korea. Some quarries show well-defined weathering profile.
Samples collected from those quarries were examined by XRD and chemistry to define a vertical variations
in mineralogy and chemistry of the weathering profile developed on ultramafic rocks.

The analysis by X-ray diffractometry showed that mineral compositions changed continuously as depth
of profile increasing, the vermiculite-the phlogopite/vermiculite interstratified-the phlogopite. Chemical analy-
sis of bulk samples in altered zone revealed that regardless of composition and kinds of mineral in the
rock, there are significant increase of MgO, CaO and H,0, and decrease of K as depth of profile decrease
reflecting the characteristics in vermiculitization. Also, there was a tendency that weathering indicies of each
sample horizon change gradually with increasing depth. This tendency can be explained as variations of
degree of vermiculitization. The regular changes of mineralogical and chemical composition in vertical profile
suggest that weathering is the most important process in vermiculitization in this area.
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Fg1 Geological Map of the Cheongyang area sho-
wing sampling sites (modified from geological Atlas of
the Chungnam Coal Field, 1974).
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Fig.2 Generalized columnar sections and sample localities of weathering profiles in the study area.
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Fig.3. X-ray diffraction patterns of some representative
bulk samples (CuKa). V; vermiculite, MV; mica-ver-
miculite, M; mica, and A; amphiboles. 1; P15-1, 2; P
15-2, 3; P15-3, 4; P15-5, 5; P15-6, and 6; P17-1.
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Fig.4. X-ray diffraction patterns of Mg-, Ca-, Na-, and
K-saturated samples for purified vermiculite from P15-
1 sample. 1; Mg-saturated, 2; Ca-saturated, 3; Na-satu-
rated, and 4; K-saturated.
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Table 4. Electron microprobe analyses and structural
formulae for phlogopite and vermiculite from the ultra-
mafite (in average values)*.

Sample No. P15-1 P15-6
SiO, 40.72 41.36
TiO, 0.64 0.70
C1‘203 0.60 0.49
Al,O3 12.28 11.85
Fe;0; 5.51 1.79
FeO 0.33 4.50
MnO 0.05 0.05
MgO 23.56 22.51
NiO 0.14 0.13
Ca0 1.44 0.06
Na,O 0.01 0.05
K0 0.20 10.03
Total 85.49 93.52
Number of ions on the basis of 0(22)
Si 6.042 6.013
AlIV) 1.958 1.987
AI(V]) 0.188 0.043
Ti 0.071 0.077
Cr 0.071 0.057
Fe?* 0.616 0.196
Fe?* 0.041 0.547
Mn 0.007 0.006
Ni 0.017 0.015
Mg 4.990 4.878
(VD 6.000 5.818
Mg**+* 0.220 0.000
Ca 0.230 0.009
Na 0.003 0.014
K 0.038 1.860
Z(Interlayer cations) 0.491 1.883

* Data are quoted from Moon et al. (1992).
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Table 2. Cation budgets for phlogopite to vermiculite
replacement (P15).

1 Phlogopite > 1 Vermiculite (Mechanism 1)

Cation

Phlogopite + - Vermiculite +
Si 6.01 - 6.04 -
Al 2.03 0.12 2.15 -
Ti 0.08 - 0.07 0.01
Fe’* 0.20 0.42 0.62 -
Fe?* 0.55 - 0.04 0.51
Mg 4.88 0.33 5.21 -
Ca 0.01 0.22 0.23 -
Na 0.01 - 0.01 -
K 1.86 -~ 0.04 1.82
H,Si0, - 0.03 - -
H,0 - n—0.12 n -
H* 4.00 0.12 4.00 -

2 Phlogopite > 1 Vermiculite (Mechanism 2)
Cation

Phlogopite + — Vermiculite +
Si 12.02 - 6.04 -
Al 4.06 - 2.15 191
Ti 0.16 - 0.07 0.09
Fe3* 0.40 0.22 0.62 -
Fe?* 1.10 - 0.04 1.06
Mg 9.76 - 5.21 4.55
Ca 0.02 0.21 0.23 -
Na 0.02 - 0.01 0.01
K 372 - 0.04 3.68
H,4Si04 - - - 598
H,0 - n—0.08 n -
H* 8.00 20.08 4.00 -
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Fig.5. Diagrams showing variation in AlLOs;normalized
major elements (mole percentages) with depth for P15
bulk rock samples collected in weathering profiles at
P site as shown in Fig.1 and 2. Open rectangular;
SiO,, cross; TiO,, solid rectangular; FeO, multiple;
MgO, solid triangle; Ca0O, and asteroid; K,O.
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Fig.6. Diagrams showing variation in Al,Qsnormalized
major elements (mole percentages) with H,O for P15
bulk rock samples collected in weathering profiles at
P site as shown in Fig.1 and 2. Symbols are the
same as those in Fig.5.
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Fig. 7. Diagrams showing variation in Al,Os-normalized
major elements (mole percentages) with depth for P17
bulk rock samples collected in weathering profiles.
Symbols are the same as those in Fig.5.
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Fig.8. Diagrams showing variation in Al,Osnormalized

major elements (mole percentages) with depth for P19

bulk rock samples collected in weathering profiles.

Symbols are the same as those in Fig, 5.
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4 é#—— &3] o]43lt} (Colman, 1982; Hendricks
and Whittig, 1968; Blrkland 1984; Parker, 1970). <}
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Fig.9. Weathering index diagram plotted with respect
to both weathering potential index and product index
for samples from P15 weathering profile developed on
ultramafic rocks, the Cheongyang area. Hatched area
indicates the indices of unweathered rocks.
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Table 4. pH of clay suspensions for samples from the
P15 weathering profile.

Sample No. pH
P15-1 7.65
P15-2 7.90
P15-3 8.21
P15-4 8.65
P15-5 9.20
P15-6 9.46
1.0
0.51
0.0
P15-10
g 08 P15-20
'§ -1.04 P15:30
2 P15-40
15 P15-50
2.0
25
3.0 ;
3 10 11 12
Estimated pH

Fig.10. pH variation (3% suspension) with increasing
depth in the weathering profile at P15 site.
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