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Texture and Toughness of Chuncheon Nephrite, Korea
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ABSTRACT : Chuncheon nephrite has been studied for gemological characterization. The
nephrite classified into three types based on texture, grain size and associated impurites (Type
I, Type II, Type Hi). It consists of cryptocrystalline to fine-grained tremolites crystals. Type 1
is composed of cryptocrystalline (<5um) tremolites which shows compact interlocking texture.
Type Il consists of rounded or lath-shaped microcrystalline (10~30zm) tremolites with uniden-
tified brown impurites. Type Il consists of fine-grained (>50um) platy or fibrous tremolites to-
gether with chlorite, talc, and diopside as impurity.

Chemical analyses show Fe and Al increase and Si decrease in the order of type I, type I
and type Ii. The Vicker's microhardness numbers (VHN) for nephrite range from 311 to 659
under 300g load.

The fracture toughness of nephrites ranges from 2.38x10° to 5.62%10° (dyne - cn™¥?). The
microhardness values and fracture toughness tend to decrease in the order of type I, type 1I and
type IiI.
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Fig. 1. Microphotographs of the Chuncheon neph-
rites which show different textures. A: Type I, B:
Type 11, C: Type I
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Fig. 2. SEM photographs of the different types of
Chuncheon nephrite. A:Type I, B:Type II, C:Type Il
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Fig. 3. Variation in Vicker’s microhardness values
measured on different types of Chuncheon nephrite.

Table 1. Vicker’s microhardness (VHN) of different
types of nephrite from Chuncheon.

Type* Weights applied in grams Indentatif)n.**
500 300 100 Mean  characteristics
I 68630 65930 62670 65743  a(1), b(1)
O 55530 56870 54770 55723  a(1), b(2)
M 30025 31075 30700 30900  a(2), b(3)

* ; I =ayprocrystalline, IT =microcrystalline,
[l =fine grained tremolite aggregates with dark brown
impurities.

% % ; a=Indentation shape characterstics : (1) concave (2)
sigmoidal, b=Indentation fracture characteristics : (1)
star radial (2) simple shell (3) concentric shell (Based
on Young and Millman, 1964).
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Fig. 4. Indentation shape and fractures observed on
the surface of different types of Chuncheon nephrite.
A:Type I, B:Type II, C: Type III
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Fig. 6. A plot of Fe and Al contents (0=23) of the

Chuncheon nephrite.
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Fig. 7. A plot of Al and Si contents (0=23) of the
Chuncheon nephrite.
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Table 2. Electron microprobe analyses of three types of nephrite from Chuncheon.

Type 1 Type 11 Type HI
SiO, 5031 5960 5903 59.13 5967 5802 5940 5855 5864 5863 5777 5734 5746 5762 5863
AlOs 008 010 008 012 005 066 070 075 077 07 115 113 259 122 115
TiO; 003 000 001 000 000 000 004 000 000 002 002 001 007 004 002
CrOs 006 000 000 001 000 000 000 000 001 002 000 006 007 000 002
FeO 023 023 020 021 024 037 035 030 036 022 130 138 188 107 123
NiO 000 006 001 002 002 003 002 000 000 001 001 003 000 000 001
MnO 001 004 009 011 006 014 020 014 020 013 012 021 016 011 008
MgO 2438 2453 2416 2435 2456 2386 2414 2385 2384 2380 2301 2301 2273 2331 2349
Ca0 1378 1340 1355 1371 1362 1307 1281 1319 1292 1260 1393 1378 1296 1365 1354
Na,0 002 000 001 004 000 003 005 004 004 006 014 007 023 008 0.2
KD 002 004 000 002 002 005 005 004 006 005 003 001 017 005 005
Total 9792 9801 9714 9771 9825 9622 9775 9685 9683 9626 9747 9702 9832 97.16 9834
0=23
Si 803 802 805 802 802 796 799 798 798 799 794 79 7TI6 790 794
Al 001 002 001 002 001 011 0l1 012 012 012 019 018 041 020 018
Ti 000 000 000 000 000 000 000 000 000 000 000 000 001 000 000
Cr 001 000 000 000 000 000 000 000 000 000 000 001 001 000 000
Fe 003 003 002 002 003 004 004 003 004 003 015 016 021 012 014
Ni 000 001 000 000 000 000 000 000 000 000 000 000 000 000 000
Mn 000 000 001 001 001 002 002 002 002 002 001 002 002 001 001
Mg 492 492 491 493 493 487 484 485 484 484 471 473 458 477 473
Ca 200 195 198 199 196 193 185 193 18 185 204 203 188 200 1%
Na 001 000 000 001 000 001 001 001 00l 002 004 002 006 002 003
K 000 001 000 000 000 001 001 001 001 001 000 000 003 001 001
Toul 1501 1496 1498 1500 1496 1495 1488 1495 1491 1488 1508 1505 1497 1503 1500
Mg/(Mg+Fe®) 099 099 100 099 099 099 099 09 099 099 097 097 096 098 097
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Table 3. Fracture toughness data for different types
of nephrite.

Fracture strength Fracture toughness
(dynes/cm) {dyne - cn™¥)
Type [ 503 X 10° 562X10°
Type I 379%X10° 436X10°
Type 1 142 X10° 238x10°
Richard(1973) 226%10°
zxdee WA A (fracture toughness)<
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