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Abstract

Thermal expansion, geochemical and physical
properties of clay minerals and their parent rocks
in the Pohang— Yeonil and Gampo— Haseo areas
in Korea were studied in order to investigate their
feasibility as lightweight aggregates and to induce
their origin from the geochemical viewpoint. Geo-
logy of the studied area consists mainly of the
volcanic, volcano— sedimentary and clastic sedi-
mentary rocks of Tertiary age. These rocks cover
the sedimentary and igneous rocks of Cretaceous
age by unconformity. Bentonites and zeolites oc-
cur in Yeonil and Janggi series of Tertiary system.
Quick firing tests indicated that the argillaceous
rocks in the Pohang area are suitable for the pro-
duction of lightweight aggregates. The optimum
temperature of quick firing conditions ranges
from 1200 to 1250C for 20min. It is difficult to
find out chemical differences between the bloated
and non—bloated argillaceous rocks. The expan-
sion characteristics of the material are closely re-
lated to its mineralogical composition, and the
major mineral of the clay materials suitable for
the production of lightweight aggregates is kaoli-
nite. The plastic index of bloating argillaceous
rocks ranges from 13 to 23, whereas that of
non— bloating clays is about 10. Plastic index of
pure zeolites and bentonites varies from 11 to 25,
and from 23 to 105, respectively. Bentonites con-
taining considerable amounts of Ca—montmoril-
lonite show high plastic index. Bentonite is com-
posed mainly of montmorillonite with small
amounts of kaolinite, and the major mineral of
the zeolites is clinoptilolite. In case of bentonites,
element group of Fe—Ta—Co—V—Ti, Ca—La

S LY

36

—Sr—Ce, K—Li and Zr—Y shows good correla-
tion based on the similarity level. Judging from

‘lhe contents of Ti, Zr. Nb, Y and Ce and their

interelement rations, Pohang argillaceous rock
could be originated from alkalic basalt, and ben-
tonites of Jangsungbaigi and Deungnum mine in
Pohang— Yeonil area from basaltic rock. Most
of other bentonite deposits in Pohang—Yeonil
and Gampo— Haseo areas could be formed from
the alteration of andesite. Contents of Na and
K are relatively decreased from the parent rock
(GP—2) during the formation of bentonite (GP —
10y in Galpyeong mine, whereas Fe, Ca, Mg. Mn
and P contents are relatively increased. In case
of trace clements, contents of Sr, La, Li. Co, Cr
and Ce are relatively incereased, whereas Cu con-
tents are decreased. Changes of Zr, Y and V con-
tents are almost constant during the formation
of bentonite (GP-—10) from the rhyolitic parent
rock (GP—2). '
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Fig. 1. General geological map of the studied area (after Moon,

1982) showing the sample location 3

PH (Pohang arca). GM (Gamagol mine)

GP (Galpyeongdong mine). DU (Dusan mine),
JS (Jangsungbaigi mine). JB (Jabut mine).

J} (Jugjeon mine). DN (Deungnum mine).

DY (Dongyang mine). BI (Byeogil mine).

DS (Daesung mine). DH (Dachan mine),

HA (Hwaam mine)
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Fig. 2. continued.

DU (Dusan mine), JJ (Jugjeon mine).
DH (Dachan mine), JB (Jabut mine)
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Fig. 2. X—ray diffraction (XRD) patterns of the representative
samples.
PH (Pohang area). DS (Daesung mine).
BI (Byeogil mine)
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Fig. 3. Differential thermal analysis (DTA) curves for the repre-
sentative bentonite (1J. JB, DH and DS) and zeolite (BI)
samples.

JJ (Jugjeon mine). JB (Jabut mine),
DH (Daehan mine). DS (Daesung mine).
BI (Byeogil mine)
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Table 1. Plasticity of the representative samples.
PH (Pohang area). GM (Gamagol mine),
GP (Galpyeongdong mine), DU (Dusan mine).
JS (Jangsungbaigi mine), JB (Jabut mine),
JJ (Jugjeon mine). DN (Deungnum mine),
DY (Dongyang mine), Bl (Byeogil mine).
DS (Daesung mine), DH (Daehan mine)

Liquid  Plastic Plastic _1

Area Mine Sag]nple Sﬁg‘nﬂ': Limit  Limit Index

0. (LL) (PL) (PL)

PH~1 Bloated a.rock 408 236 172

Pohang PH~-2  Bloated arock 404 213 131

PH~3  Bloated arock 420 188 232

PH~4 Non-bloated arock | 59.2 491 10.1

Galpyeong GP~-10 Bentonite 570 251 319

Gamagol GM-1 Bentonite 420 16.6 254

GM-2 Bentonite 590 18.5 40.5
Pohang

—Yeonil |Jangsung  JS—1 Bentonite 472 153 319

— Baigi I§S~2 Bentonite 390 190 2490

1S3 Bentonite 594 37 357

Byeogil BI-1 Zeolite 410 220 250

BI-2 Zeolite 385 20.5 180

Deungnum DN-1 Bentonite 65.0 200 450

DN-2 Bentonite 1140 289 85.1

DS-1 Zeo.&Ben. 98.0 324 65.6

Daesung  DS-2 Zeolite 65.8 415 243

DS-3 Zeolite 512 397 1.8

DS-4 Zeo&Ben. 105.8 314 744

Daehan DH-1 Bentonite 7S 233 482

DH-2 Bentonite 1145 531 614

Dongyang DY-—1 Bentonite 9.0 280 710

Gampo DY-2-. ' Bentonite 530 244 286
~Haseo

JB-2 Bentonite 4] 211 230

Jabut JB-3 Bentonite 640 272 370

JB-4 Bentonite 548 194 354

IB-5 Bentonite 1238 187 1051

Dusan DU-1 Bentonite 65.0 222 428

Jugjeon -1 Bentonite 66.0 05 35 J
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Fig. 5. Relationship of the liquid limit (L.L.) and plasic index
(P.1) of the studied samples on the plasticity chart pro-
posed by Bain (1971). (An empirical boundary called
the ‘A’ line, with a slope expressed by the equation ;
plastic index=0.73x {(liquid limit)—20})
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Table 2. Specific gravity and pH of the representative bentonite.
zeolite and argillaceous rock samples.
DH (Daehan mine). DY (Dongyang mine).
JB (Jabut mine). GM (Gamagol mine),
JS (Jangsungbaigi mine). DU (Dusan mine),
GP (Galpyeong mine). JJ (Jugjeon mine),
DN (Deungnum mine). DS (Daesung mine).
BI (Byeogil mine). PH (Pohang area)

Area Sample Name |3 rzc‘j{tl}f pH
GM—1 Bentonite 2.25 9.01

GM —2 Bentonite 2.16 8.62

JS—1 Bentonite 231 8.95

JS—2 Bentonite 2.00 7.22

JS—3 Bentonite 2.03 8.17

GP— 10 Bentonite 2.18 9.75

Pohang | DN—1 Bentonite 230 8.86
—Yeonil| DN—2 Bentonite 2.49 8.55
BI—1  Zeolite 2.08 9.29

BI—2  Zeolite 2.16 9.56

PH—1 argil. rock 244 398

PH—2 argil. rock 245 345

PH—3 argil. rock 244 7.50

PH—4 argil. rock | - 2.28 2.69

DH—1 Bentonite 229 9.13

DH—2 Bentonite 2.25 9.34

DY—1 Bentonite 2.30 9.04

DY—2 Bentonite 2.29 8.98

JB—2 Bentonite 2.37 8.76

Gampo | JB—3 Bentonite 232 9.03
—Haseo | JB—4 Bentonite 2.10 7.75
JB—S Bentonite 2.15 9.20

DU—1 Bentonite 2.30 8.76

JJ—1 Bentonite 204 9.90

DS—1 Zeolite 2.18 8.99

DS—2 Zeolite 2.39 7.26

DS—3 Zeolite 217 7.72

DS—4 Zeolite 2.59 6.69

4574 k4L bentonitet} zeoliteol ¥I3 Cu,
V, Li%} Nb¥afe] 3 Lag} Sr &sko] e} C,
H N @32 HEA ¢4 E°] bentonite ¥ zeo-
lite?} v]Ldled JofH o2 ¥ & C F5& Bo|xm,
N3 H #3& 452 JdriFig9)
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Table 3. Chemical composition of the representative bloated
and non-—bloated argillaceous rocks (PH—1 and
PH~4). and rhyolitic parent rock (GP—2) and bento-

nite (GP—9).
Sample No.
Bloated Non-—bloated Rhyolite Bentonite
argil. rock  argil. rock
(PH-1) (PH—4) (GP—2) (GP-9)
Sio, 7523 75.88 76.11 75.03
TiO, 0.72 0.59 024 0.22
Al O, 16.36 14.00 14.09 15.01
Fe, O, 0.87 1.70 0.24 058
FeO 1.58 3.06 044 1.04
MnO 001 0.07 0.01 0.16
MgO 0.69 1.20 0.02 1.18
Ca0 0.12 032 0.11 1.96
Na,O 142 0.93 447 249
K,O 2.89 2.12 420 221
P,O; 0.06 0.08 0.02 0.06
Total 99.89 99.95 99.95 99.94
Q 54.30 5849 3370 4561
Or 17.09 12.54 2484 13.09
Ab 12.07 793 37.83 21.12
An 0.16 1.07 040 9.34
Lc 0.00 0.00 0.00 0.00
Ne 0.00 0.00 0.00 0.00
C 10.82 9.76 2.03 5.08
Wo 0.00 0.00 0.00 0.00
Di 0.00 0.00 0.00 0.00
Hy 272 6.38 0.29 431
0l 0.00 0.00 0.00 0.00
Mt 1.27 247 0.36 0.84
Hm 0.00 0.00 0.00 0.00
Il 1.38 1.12 045 043
Ap 0.15 0.19 0.05 0.14
Wo 0.00 0.00 0.00 0.00
En 172 299 0.05 295
Fs 1.00 3.38 024 1.36
Fo 0.00 0.00 0.00 0.00
Fa 0.00 0.00 0.00 0.00
ClL 5.53 10.17 L 574
DL 94.29 88.75 9841 8491
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Table 3. continued.
Sample No.
Bloated Non—bloated Rhyolite Bentonite
Element . .

argil. rock  argil. rock

(PH-1) (PH—4) (GP-2) (GP-9)
Rb 126.5 96.8 121.3 774
Sr 1023 864 743 3228
Ba 4382 2484 918.1 8747
Y 173 259 34.1 19.7
Zr 187.7 1215 2433 1484
\' 1019 119.1 85 105
Cr 70.8 63.1 0.0 0.0
Co 0.0 0.0 0.0 0.0
Ni 254 50.5 20 0.0
Cu 285 3211 44 41
Zn 64.6 1854 689 438
Ga 199 152 14.0 136
Pb 252 269 39.7 209
Nb 119 8.0 146 86
Sc 111 94 1.3 32
Th 9.2 9.6 14.0 1.5

Table 4—a. Element contents of Pohang argillaceous rocks.

Element Range Mean | C. V.
ALO, (%) | 1177—1402 | 13.01 | 715
Fe,O, (%) | 233 — 446 364 | 2737
CaO (%) | 007— 097 039 | 103.90
MgO (%) | 072— 124 097 | 2371
K,0 (%)| 157— 253 221 | 1995
Na,0 (%) | 042— 079 065 | 2465
TiO, (%) | 048 — 065 059 | 1378
MnO (%) | 001— 006 004 | 6348
P,0, (%) | 007— 009 007 | 13.67
St (ppm)| 770 — 1150 | 890 19.65
Zr (ppm)| 510 — 680 | 603 12.30
Y (ppm)| 100 — 155 | 129 | 2293
Cu (ppm)| 297 — 405 | 358 12,52
Li (ppm)|345 — 631 | 515 | 2372
La (ppm)| 300 — 772 | 442 | 5071
Co (ppm)| 83 — 139 | 110 | 2788
V. (ppm)| 890 — 1138 | 1052 10.50
Cr (ppm)| 568 — 615 | 599 3.50
Ce (ppm)| 505 — 847 | 625 | 2487
Gd (ppm)| 52 — 255 | 121 77.96
Nb (ppm)| 115 — 150 | 138 1141
Ta (ppm)| 151 — 289 | 225 | 2723

A5



R R E L
Table 4—b. Element contents of the bentonites. Table 4—c¢. Element contents of the zeolites.

Element Range Mean | C. V. Element Range Mean | C. V.
ALO; (%) | 1101 — 1791 14.17 11.67 ALO; (%) 6.59 — 12.20 10.94 19.71
Fe, O, (%) 1.26 — 897 321 61.66 Fe,0, (%) 0.84 — 2.18 1.61 28.14
CaO (%) 0.52 — 4.07 0.89 40.82 CaO (%) 0.84 — 205 1.54 30.50
MgO (%) 0.70 - 3.65 0.63 36.14 MgO (%) 056 — 145 094 35.79
K,0 (%) 0.12 — 3.01 0.60 84.58 K,0 (%) 096 — 3.10 195 48.69
Na,O (%) 008 — 1.87 0.86 56.28 Na,O (%) 032— 124 0.87 38.89
TiO, (%) 0.10 — 095 0.38 59.34 TiO, (%) 022 — 0.26 0.23 7.02
MnO (%) 0.0t — 0.15 0.05 6597 MnO (%) 0.01 — 0.09 0.05 71.05
P,0; (%) 003 — 025 0.10 57.06 P,0, (%) 003 — 0.12 0.07 53.07
Sr  (ppm)| 400 — 4390 260.8 46.00 Sr  (ppm)| 440 — 4080 248.2 54.69
Zr (ppm)| 380 — 1950 83.1 51.92 Zr (ppm)| 300 — 118.0 80.0 49.86
Y (ppm)| 73 — 435 184 5542 Y (ppm)| 75 — 334 18.2 52.89
Cu (ppm)| 01 — 543 17.1 100.06 Cu (ppm)| 28 — 197 9.7 61.72
Li (ppm)| 63 — 635 253 60.31 Li (ppm)| 13 — 104 51 73.18
La (ppm)| 462 — 160.6 1220 25.62 La (ppm)| 4.8 — 1144 914 27.84
Co (ppm)| 33 — 171 80 47179 Co (ppm)| 29 — 54 4.1 25.77
vV  (ppm)| 106 — 1050 47.7 66.84 \'/ (ppm) | 214 — 635 30.6 53.18
Cr (ppm)| 175 — 440 319 20.90 Cr (ppm)| 93 — 246 17.8 29.20
Ce (ppm)| 423 — 129.5 994 20.33 Ce (ppm)| 270 — 978 773 34.16
Gd (ppm)| 134 — 565 40.8 28.96 Gd (ppm)| 167 — 40.1 30.7 28.88
Nb (ppm)| 16 — 175 11.0 3440 Nb (ppm)| 29 — 130 9.5 37.95
Ta (ppm)| 98 — 5338 249 4482 Ta (ppm)| 96 — 198 13.5 27.27
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Fig. 11. Correlation of Fex0;—Ta and Fe-0;—Co.
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Table 5. C. H and N contents of the representative samples.

PH (Pohang area), GM (Gamagol mine),

GP (Galpyeongdong mine), DU (Dusan mine),
JS (Jangsungbaigi mine). JB (Jabut mine).

JJ (Jugjeon mine). DN (Deungnum mine).
DY (Dongyang mine), BI (Byeogil mine)

DS (Daesung mine), DH (Daehan mine),

HA (Hwaam mine)

.. Description
s Nome | e Tempeprs < (&) ) &)
Raw sample (Argil. rock) (143 060 0.00

Bloated samples

(1100T ¢ 15Min.) 000 035 000
(1150C & 20Min.) 0.16 002 003
PH-1 (1200C  20Min.) 009 004 000
(1250C & 10Min) 0.17 046 000
(1250C + 15Min.) 019 000 000
(1250C : 20Min)  |027 000 000
P Raw Sample (Argil. rock)[0.80 058 0.00

0 Non—bloated samples
h (1100C 5 15Min.) 022 012 003
aY | PH-S (1150C 5 15Min.) 008 008 0.00
ne (1200C : 15Min.) 015 006 004
g0 (1250C  15Min)  |0.17 004 0.00

n

i { PH—2 |Raw Sample (Argil. rock){2.37 064 000
1 | PH-3 |Raw Sample (Argil. rock)|2.27 060 0.00
PH—4 |Raw Sample {Argil. rock)|3.16 0.89 0.00
GM~1 !Raw Sample (Bentonite) [0.13 056 0.06
GM~—3 |Raw Sample (Host rock) |0.08 026 0.07
JS—1 [Raw Sample (Bentonite) 0.14 101 0.04
GP--2 |Raw Sample (Rhyolite} [0.68 .021 0.00
GP—6 |Raw Sample (Bentonite) [0.08 128 000
DN-1 {Raw Sample (Bentonite) (020 170 0.18
DN-2 |Raw Sample (Bentonite) 0.18 207 011
DN—3 [|Raw Sample (Sandstone) [0.05 0950 0.11
BI—2 |Raw Sample (Zeolite) 000 102 000
DU-1 |Raw Sample (Bentonite) (000 1.09 0.00
JJ=1 |Raw Sample (Bentonite) {0.00 126 0.00
H HA—1 | Raw Sample (Volcanics) [0.00 024 000
a DH-2 |Raw Sample (Bentonite) [0.21 201 0.04
s Gy DY—1 [Raw Sample (Bentonite) [0.11 149 005
ea | DY—3 |Raw Sample (Iron stain) [0.56 042 0.04
om| JB—1 |Raw Sample (Iron stain) {0.08 008 0.02
p i JB—3 |Raw Sample (Bentpmote)|0.10 130 0.05
o, JB—4 !Raw Sample (Bentonite) ;0.00 102 0.00
DS—1 |Raw Sample (Zeolite) 009 139 005
DS—3 ! Raw Sample (Zeolite) 006 126 006

45

r = 0.79
4 argillaceous rock
<1
—.J ® bentonite °
o] [ zeolite
] o
@ Yo o
-— a
e
= © . o
-= o o
S W o
= o
0—~ mg
] Mbg
] o
L
o 48  ag 12.0 16.0 2.0
Co ( ppm )
r =0.96
°.1
1 o
o
o
o
-] Q0
b od
= o
Zal o
g !
o 4
o L]
=1 a
o
% %o
A
2 F 3
@ 120 180 20
Ls ( ppm )

Flg. 12. Correlation of TiO;—Co and CaO—La.
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Fig. 16. Zr/TiO,~ NbY diagram showing the delimited fields
for Pohang argillaceous rocks. bentonites and zeolites
including surrounding rocks (Winchester, 1977).
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