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Characteristics of Tremolite Asbestos from Abandoned Asbestos Mines in
Boryeong Area, Chungnam
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ABSTRACT : We studied the geological occurrence, associated minerals, mineralogical properties and
formation process of tremolites from two abandoned asbestos mines, Jungang (Sinsuk) and
Daebosuksan, located in Boryoung area, Chungnam. Morphologically different tremolites such as long
fibrous, needle-like, bladed and prismatic forms coexisted. Fibrous tremolite, known for its high
toxicity to human health, was systematically analyzed by polarized light micrescopy and scanning
electron microscopy. The average length of tremolite fibers was 31.2 pm although the maximum length
of some asbestos was 210.0 pm. The average width and aspect ratio were 1.6 um and 19.9,
respectively. Tremolite showed inclined extinction in the range of 6.1~20.2°. X-ray diffraction patterns
were slightly different between fibrous (asbestiform) and prismatic (non-asbestiform) tremolites. EPMA
analysis of tremolites in the study area indicated extremely high Mg content with very low Fe content,
close to the composition of tremolite end-member in the tremolite-actinolite solid solution series. The
formational conditions of asbestiform and non-asbestiform tremolite appear to be different. Asbestiform
tremolite was estimated to have been formed in later stage.
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Fig. 2. Topographical map showing the location of
two asbestos mines.
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Fig. 3. Aspect ratio of tremolite in study area. (a)
U.S. EPA standard asbestiform tremolite. (b) Tremolite
in this study exceeding 3:1 in aspect ratio and less
than 3 um in width. (c¢) Tremolite in this study
exceeding 3 pm in width.
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Table 1. The summary of XRD analyses of samples in study area

Sample No. Tremolite Kaolin Mica Chlorite  Quartz Tale Feldspar  Diopside Type

DB-3 At

DB-4 -+ +
BR-4 -+

KS-7 et + +
KS-14 At
HS-2 A +
HS-6 A
HS-8 Attt + +

KS-6
KS-24
DB-2
HS-1
HS-3
HS-4
HS-5

Ptttz
+

BR-1 i ot
BR-2 +
BR-3
BR-5 +
KS-1
KS-2
KS-3
KS-4
KS-8 +
KS-9
KS-11
KS-11-1
KS-13
KS-15
KS-16
KS-17
KS-18

+
+

+ o+ o+ o+

e

Pt f+++
+

DB-1 -
DB-6 ++
KS-5 ++
KS-12 ++
KS-21 ++

BR-5 A
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Fig. 4. Photomicrographs of thin sections showing
the occurrence of tremolite in rocks (left: cross nicol,
right: open nicol). Tre: tremolite, Pl: plagioclase.
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Fig. 5. Aspect ratios of tremolite in study area mea-
sured by SEM.
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Table 2. Electron microprobe analyses of tremolite in study area (wt.%)

No. DB4-Pt DB4-P3 DB4-P4 DB4-PS DB2-P1 DRB2-P2 DB2-P5
SiO, 59.37 58.30 58.87 60.84 56.93 59.51 55.99
ALO; 0.10 0.11 0.22 0.45 0.21 0.75 0.14
FeO 0.65 0.48 0.38 0.68 0.98 1.34 1.07
MnO 0.04 0.02 0.01 0.01 0.06 0.03 0.03
MgO 23.30 26.65 24.59 21.21 23.02 24.18 24.66
CaO 13.45 12.86 13.77 11.11 13.68 12.23 12.99
Na;O 0.04 0.02 0.02 0.04 0.03 0.04 0.04
K0 0.02 0.01 0.02 0.03 0.00 0.05 0.01

F 0.55 0.05 0.43 0.00 0.48 0.16 0.11
Total 97.51 98.51 98.32 94.36 95.39 98.29 95.03

Y Numbers of ions on the basis of 23 oxygen

Si 8.09 7.85 797 8.40 7.98 8.02 7.86

Al 0.00 0.02 0.03 0.00 0.02 0.00 0.02
2 Tet 8.09 7.87 8.00 8.40 8.00 8.02 7.88

Al 0.02 0.00 0.00 0.07 0.01 0.12 0.00

Fe 0.07 0.05 0.04 0.08 0.11 0.15 0.13
Mg 474 4.95 4.95 436 4.81 4.73 4.87

IMl, M2, M3 4.83 5.00 5.00 452 4.94 5.00 5.00
Mg 0.00 0.41 0.01 0.00 0.00 0.13 0.29
Mn 0.00 0.00 0.00 0.00 0.01 0.00 0.00

Ca 1.96 1.86 2.00 1.64 2.05 1.77 1.95
Na 0.01 0.00 0.00 0.0t 0.00 0.01 0.00
X M4 1.98 2.26 2.01 1.65 2.06 1.91 224
Na 0.00 0.01 0.01 0.00 0.01 0.00 0.01

K 0.00 0.00 0.00 0.01 0.00 0.01 0.00
A 0.00 0.01 0.01 0.01 0.01 0.01 0.01
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Fig. 6. SEM images of tremolite.
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Fig. 7. X-ray diffraction patterns of prismatic and
asbestiform tremolite.
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Table 3. X-ray diffraction compare Boryeong tremolite with standard tremolite

JCPDS (13-437) Tremolite KS-14 DB-4
d(A) 1, hkl d(R) e d(4) v
8.98 16 020 8.99 7 8.98 7
838 100 110 837 30 837 71
5.07 16 130,001 5.10 8 5.08 9
487 10 111 4.90 5 488
476 20 200 4.77 23 475 20
451 20 040 453 10 452 18
420 35 220 422 10 421 21
3.87 16 131 3.89 4 3.88 6
3.38 40 150,041 3.39 338 1
327 75 240 328 15 328 25
3.12 100 310 3.13 100 312 100
3.03 10 311,241 3.02 3 3.03 4
2.938 40 151 2.94 11 2.941 18
2.805 45 330 281 8 2.807 10
2.730 16 421 272 5 2724 7
2.705 90 151 2.707 1 2.706 25
2.592 30 112,061 2.594 5 2.593 10
2.529 40 202,002 2.53 3 253 6
2407 8 132 241 3 2409 5
2380 30 350,400 2384 8 2382 9
2.335 30 351 2.328 6 2331 10
2321 40 421 2322 4 2322 8
2.298 12 420,071 2.301 4 2300 6
2273 16 112 2.280 2 2277 5
2.206 6 242,042 2206 1 2206 3
2.181 6 441 2.187 1 2.184 3
2.163 6 171,261 2.164 4 2.164 13
2.042 35 081,280 2.047 2 2.043 4
2.015 18 202 2.02 5 2,017
2.002 45 351,370 2.004 3 2.001
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element compositions of the rocks in the study (wt.%)

Type A A A A B B B B C C C C C C C D D D
No. DB-3 DB4 HS-2 HS-8 DB-2 HS-1 HS-3 HS-5 BR-I BR-2 BR-5 KS8-3 KS-11 KS-15 KS-16 KS-12 KS-12-1 KS-21
Si0; 56.65 59.03 59.03 57.14 58.00 58.65 56.96 56.84 5731 69.74 80.91 63.98 64.31 7922 5547 5620 69.04 70.04
Tio; 007 002 002 004 008 008 004 004 024 009 019 056 108 019 08 121 098 0.02
ALOs 306 093 213 258 396 1089 215 130 1713 1344 450 1677 1664 470 1428 2119 1609 18.07
Fe,0; 118 062 023 029 290 054 020 132 186 115 267 163 355 175 1077 816 169 0.04
MnO 002 004 002 002 005 002 002 004 001 001 002 001 002 002 006 020 002 00!
MgO 2433 2485 21.80 2391 2581 11.94 17.93 19.66 789 244 321 417 099 169 142 144 083 035
CaO 1186 13.03 1529 1436 567 9.80 2062 1932 110 092 053 103 007 008 020 068 008 023
N0 004 003 009 003 011 202 018 010 035 015 004 016 002 000 046 020 005 0.00
K0 0.14 007 069 008 016 383 097 010 670 639 089 636 292 110 417 363 534 155
P0s 001 001 000 000 002 001 005 010 059 057 022 003 011 003 016 021 026 003
LOI 245 109 055 129 274 200 064 109 677 49 669 502 1008 952 1134 638 503 783
Total 99.82 99.68 99.86 99.73 99.51 99.77 99.77 99.90 99.95 99.85 99.89 99.72 99.79 9830 99.22 99.52 9940 98.18
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Fig. 8. Schematic diagram showing typical crystal
forms of tremolite in study area.
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