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Fault-Originated Glassy Pseudotachylyte from the Fuyun
Fault Zone, Northwest China

# 29 -x R

Aiming Lin" and Shumo Ge”

Abstract: Glassy and microlitic pseudotachylytes (PT) occur in the granitic mylo-
lites, from the Fuyun fault zone, northwest China. The powder X-ray diffraction
data indicate that the fine-grained matrix in the Fuyun PT varies from almost
crystalline to complete glass. The X-ray diffraction analysis indicates that only
quartz clasts are found in the glassy-type PT veins. This suggests that biotite and
feldspars in the host rock have been preferentially melted during the PT forma-
tion,

Microlites showing quenching or rapid-cooling textures such as skeletal, de-
ndritic and complex spherulitic shapes are found in the microlitic PT veins. There
is a gradation in size and shape of microlites from the margins toward the center
of veins. The microlites are mainly made up of sanidine, anorthoclase, pyrope,
plagioclases {Any-Any), biotite and hornblende with high Ti content, which are
not present in the host rocks that formed in sub-epidote-amphibolite facies condi-
tions. The presence of high-temperature minerals of microlites indicates that they
are primary crystals crystallized from the melt. The Fuyun PT contain vesicles
and amygdules, flow structures resembling similar-folds in form, and rounded
fragments.

The average bulk chemical compositions of the PT are very similar to that of
the host rocks. But the SiO; content in the glassy matrix is lower than that of the
country rock by 5-1b wt.%. Selective melting of minerals with lower melting
temperature can accaunt for the depletion of S$iO,. The PT contain 2-3 wt.% wa-
ter (H,0). Using the experimental data relating the solubility of water to pressure
in andesitic melt, a pressure of about 400 bars, corresponding to about 1.5 km
depth of PT formation, is estimated. A minimum temperature of 1450°C estimate
is obtained from the presence of the pure SiO, glass.
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These results clearly demonstrate that the matrix of Fuyun PT formed by

frictional melting rather than crushing.
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Surveying Team of the Xingjiang Geological Bureau (1978).

Geological map of the Fuyun region, northwest China, simplified from the Regional
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Fig.3  Outcrop sketch of the Haizikou location showing the distribution of pseudotachy-

lytes. (A), (B}: Equal area projection of striations on minor faults within the

Fuyun fault zone. (A): 142 datum points. (B): 138 datum points.
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Pseudotachylyte

Fig.4  Drawing of cutcrop section from field showing
the occurrence of irregular network of pseudo-

tachylyte veins injeted in the granitic rocks.
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Photographs showing the occurrences of pseudotachylyte veins (@—¢) and photo-
micrographs showing the textures of fine-grained matrices of type 1 -type- V
pseudotachylyte veins (d—h). a: Pseudotachulyte remained as a lump on concave
surface on the fault plane. b: Pseudotachulyte veins cut and inject into the quartz
vein (white portion} which has been cataclastically deformed and but has not dis-
placed. ¢ Network pseudotachylyte veins inject into granitic country rock. d:
Cryptocrystalline pseudotachylyte where the new pseudotachylyte vein(Np) inject
into the old pseudotachylyte vein (type-[l, Op). {PPL). &: Glass matrix in glass
type pseudotachylyte (type- | ) showing flow streaks, (PPL)}. f Microcrystalline
type pseudotachylyte (type- [ ) exhibting flow structures similar to “pressure sha-
dow™ in mylonite, (PPL}. @: Microlitic pseudotachylyte (type-IV) showing spher-
ulitic texture, (PPL). h: Mixed pseudotachylyte (type- V) with the trichitic micro-
lites (Mi) aligned parallel to the flow streaks, {PPL). Pt Pseudotachylyte; Bo:
Boundary between pseudotachylyte and country rock. Np: New pseudotachylyte;
Op: Old pseudotachylyte. (MI) microlites. PPL: plane polarized light.
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Fig. 6  Photomicrographis exhibiting microstructures of the pseudotachylytes. a, b:
Transparent glass (GI) with a silica halo arcund quartz fragment (Qz); the
arrows point the glass portion. a:PPL; b: CPL ({crossed-polarised light}. ¢: Round-
ed fragments around which the opague minerals form spherical textures; arrows
point the spherical textures, (PPL). d: Spherical textures displaying zoning strue-
ture arcund the rounded fragment. ©: Flow structure resembling a similar-fold in
shape, (PPL). f: Vesicles and amygdules, (PPL}. g—i: Ellipsoid vesicles and amyg-
dules, (BSE).
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Fig. 7  Sketches of simple, skeletal, and dendritic microlites.
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Fig.&  Sketches of spherulitic microlites.




HELESE AR ET AT I AR A K TS

Spiculite

Sperulite

v
Glass matrix

A
Flow structure

Fig.9  Sketches showing the variation of microlite size and shape from the margins to the

center of pseudotachylyte vein.
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Fig10 X-—ray spectra of pseudatachylytes and volcanic
glass. @ Velcanic glass (obsidian) from the
Wada-toge volcanic area, central Japan. b—f:
Type- T, V. T — ¥ pseudotachylyte veins from

the Fuyun fault zone, northwest China.
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Figll X-ray spectra of calibration substances. a:
shows the integrated intensity of glass material
and guartz. b—g: are the standard samples con-
taining ¢, 50, 80, 90 and 100 wt.% glass material
fused from the granitic country rock. The scale
of vertical axis is the same as in b—g curves.
Ma: Micas; Qz Quartz. Pl: Plagioclases; g In-
tensity of quartz. Ig Integrated intensity of glass

material.
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Figl2 Diagrams showing the relation between the in-
tensity (abscissa) and weight percentage of
glass matrix {a) and crystalline quartz content
(b) (ordinate) in calibraticn substances and
pseudotachylytes. b—f Datum points corres-
ponding to that of the spectra b—f shown in
Fig.10.
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Table 1  Chemicat compositions of fine-grained crystalline matrix in type— IV
pseudotachylyte analyzed by EDX.
Matrix in microlitic pseudotachylite
Wi% Mal Ma2 Ma3 Mad Mab Mab Ma? Ma8 Ma9
Si02 39.73 63.58 63.38 64.18 62.61 63.81 63.70 65.89 41.81
TiO:2 1.69 0.73 0.80 0.87 1.05 0.81 0.79 0.54 1.08
Al03 15.34 21.38 21.02 21.54 21.73 21.04 21.11 20.15 14 .84
FeOr 15.55 0.77 1.17 0.67 0.8b 0.62 0.90 1.24 15.78
MnO 0.19 0.05 0.00 0.00 0.12 0.00 0.00 0.09 0.26
MgO 12.24 0.00 0.00 0.01 0.0¢ 0.00 0.18 0.16 12.44
Ca0 1.20 2.48 2.34 2.47 2.56 2.31 2.46 2.37 3.74
NazO 0.70 9.24 9.32 9.54 9.17 9.34 8.97 8.81 1.02
K0 4.46 0.12 0.00 0.07 0.24 0.09 0.25 0.20 3.27
Cra03 0.00 0.06 0.00 0.00 0.04 0.00 G.05 .01 0.13
NiQ 0.12 0.07 0.00 0.13 0.05 (.00 0.00 0.00 0.14
P20s 0.12 0.34 0.50 0.52 G.42 0.44 0.60 0.50 0.29
Total 91.34 98.76 98.53 100.00  98.84 98.46 99.01 59,96 94.80
Table 2 Chemical compositions of feldspar microlites and fragments analyzed by EDX.
Anorthoclase microlites Alkali feldspar microlites Alkah feldspar fragments

Wi% Anorl  Anor2 Anor3 Anord Alspl  AlspZ  Alspd  Alspd  Aldel Alde2  Fragl Frag2 Frag3 Fragd
Si0g 62,59 61.95 64.27 63.23 65.09 66.73 66.70 62.55 60.54 60.85 62.83 64.43 64.13 64.34
Ti0, 0.65 (.63 0.55 0.67 0.07 0.12 0.16 0.94 0.26 0.19 0.21 0.16 ¢.24 0.12
AlyOs 19.68 19.70 19.74 21.39 18.99 19.49 19.36 18.89 19.20 18.70 17.67 18.72 18.9% 18.7%
CrQg 0.00 0.05 0.06 0.00 0.00 0.00 0.00 0.02 0.19 0.19 0.08 0.04 0.00 0.00
FeO' 3.82 4.M 2,51 1.92 0,00 0.00 0,00 1.5 1.53 0.93 1.03 0,07 0.00 0.00
MnC 0,16 0.00 0.20 0.07 0.03 004 0.15 0.03 0,15 0.22 0.17 0.00 0.04 0.06
MgO 1.25 1.87 0.64 0.42 0.00 000 0.01 053 0.22 0.14 0.32 0.00 0.00 {.00
Cal 3.21 2.87 299 3.13 0.00 0.12 0.23 0.98 0.8% 0.8] 0.28 0.00 0.00 0.00
Na:0) 5.83 6.10 6.44 6.17 262 501 476 1.72 1.35 1.53 0.37 0.81 094 1.17
K20 2.69 3.04 2.62 3.61 11,83 5,80 5,65 12,21 15,22 14,74 18,26 14.35 14,80 14,16
Total 99.88 100.55 100.02 100.61 98.63 97.31 97.01 99.42 99.64 98.40 101.22 98.58 99.10 938.60
Number of ions the basis of eight oxygens

5i 2.322 2.790 2.853 2.836 2.972 2.005 3.015 2.85¢ 2.854 2.837 Z.930 2.965 2,954 2.968
Ti 0.022 0.023 0.018 0,022 0,002 0.004 0,006 0,033 0.009 0.004 0.007 ©4.005 0,003 0.004
Al 1.045 1.046 1,036 1,096 1.022 1.006 1.027 1.027 1.072 1.045 0.971 1.016 1.029 1.01%
Cr 0.000 0.002 0.002 0.000 0.000 0.000 0.000 0,001 0.007 0,007 0,003 0.002 0.000 0.000
Fe 0.144 0.167 0.084 0.070 ©.000 0.000 4.000 0.020 0.060 0.033 0.040 0.003 0.000 0.000
Mn D.006 0.000 0.008 0.003  0.001 0.001 0.006 0.00F 0.006 0.000 0.007 0.000 0.002 0.002
Ca 0,155 0,138 0.143 0.145  0.000 0.006 0.005 0.049 0.046 0.046 0.014 0.000 0.000 0.000
Na D510 0,533 0.500 0.020  0.232 0.438 0.417 0,154 0,123 0.140 0,033 0.072 0.084 0.105
K 0.155 0.448 0.149 0.200 0.68% 0.324 0.326 0.719 0.516 0.8%2 1.086 0,872 0C.870 0.834
An: Ab: Or ratics

An 18.90 16.35 16.85 16.83 0.000 7.61 0.81 0.05 4.16 4.30 1,24 0.00  0.00  0.00
Ab 62.20 62.95 65.55 6007 25,19 56,44 5L.67 16.70 11.37 13.03 291 7.63 3.80 11.18
Or 18,90 20.69 17.60 23.10 74.81 35.95 43.52 83.2h B4.47 82,67 95.85 92,37 61,20 BB.82
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Plagioclase fragments

Olig2  Olig3 Betl  Andl  AndZ Fragh Fragh Frag? Fragd

60.48 61.33 50.38 60.99 55.01 62.36 64.69 61.14 61.97
0,05 0,18 040 0.40 0.08 0.18 0.13 0.20 0.19
24.47 24.10 29.02 22,36 27.49 23,62 22.17 214.40 24.57

000 0.03 0.11 0.06 0.00 0.04 0.07 0.07 0.06
0.05 0.38 1.04 1.78 1.53 0.45  0.32  0.73  0.48

0.06 0,00 0,20 0,08 0,00 0.00 0,01 010

Q
4

T4 78S 2.8 660 5,02 8.27 8.20 7.83
0

0.05
000 0,00 0,00 0.00
L3600 4012 5.08 582
.53

7
38 0011 .25 0,44

Table 3  Chemical compositions of plagioclase microlites and fragments analyzed by EDX.
Plagioclase microlites
Wi% Labl Lab2 Lab3 Lab4 Qligl
Si0g 51.88 50.42 50.46 50.9% 6&0.79
TiO: 0.43  0.25 .32 0.44 0,06
AlzO4 29.43 31.01 30.10 30.28 24.65
Cralhz 006 0.05 006 0.10 0.03
Fel* 0,899 0,98 1.10 091 0.44
MnO g.00 0.08 0.00 0.01 0.04
Mg 6.16 0.1 0.07v 0,16 0.05 0.07 0.00 0.18 0.53 0.45
CaC 11.67 13.01 12.25 12.44 546 543 4.72 13.43 6.01 954
NaO 3.92 330 3.23 366 772
K20 0.45  0.37 042 0.38 0.31 0.15 0.44 0.5 0.32 0.56
Total 98,99 99,65 98.01 99.37 69.55

Number of 1ons on the basis of eight oxygens

99.00 99.07 98.15 99.13 100.18 99.66 59.82 95.89 101.19

Ab

Si 2,384 2.305 2.327 2.332 2.699 2.703 2.734 2.315 2.722 2.482  2.762 2.83% 2.713 2.688
Ti .015 0.009 0.011 0.015 0.002 0©.002 0,006 0.014 0,014 0,003 . 0,006 0.004 0,010 0.006
Al 1.594 1.671 1.644 1.632 1.290 1.293 0.267 1.617 1.509 1.489 1.233 1.146 1.276 1.306
Cr 0.002 0,002 0,002 0.004 0.001 0.000 0.001 0.004 0.002 0.000 0.001 0.002 0.003 0.002
Fe 0.034 0.034 0,043 0.035 0.016 0.021 0.014 0.041 0.066 ©.058 0.017 0.012 0.027 0.017
Mn 0.000 0.003 0.000 0.001 0.001 0£.602 0.000 0.024 0.060 0.000  0.000 0.000 $6.003 0.002
Mg 0.006 0.013 0,005 0,011 0.003 0.004 0.000 0.013 0.035 0.030  0.000 0.000 0.000 0.005
Ca 0.565 0.673 0.622 0,600 0,250 0,261 0,226 9.680 0.287 0.461  0.207 0.194 0.241 0.271
Na 0.349 0.293 0.290 0.325 0.665 0.673 0.682 0.294 0,571 0.440 0.711 0,698 0.674 0,633
K 0.026 0.021 0.025 0.022 0.018 0.008 0.025 0.026 0.018 0.032 2.022 0.006 0.014 0.024
An: Ab: Or radios
An 60.07 66.97 66.15 63.75 27.56 27.11 24.19 69.73 32.73 49.41  22.02 21.60 25.04 28.20
Ab 37.16 30.79 30.97 33.95 70.53 T1.41 73.13 26.68 65.13 47.16 75.64 T7.73 72.55 68.71
Or 2,77 2,24 2,85 2.30 1.91 .48 2.68 3.59 4.09 3.43  2.34 1.67 1.51 2.50
0 FAvAr7O05 4 EESICENTAI NS
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Or—Ab—An diagram showing the compositional

variation of feldspar microlites.

f17us4 rOTiEARIEREORERL
BREFRLERO TIOE L D&V (Tables 4,
5, Fig. 15).
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Table 4 Chemical compositions of biotite microlites and fragments analyzed by EDX.—
———: undetermined.
Biotite microlites Biotite fragments

Wt% Biol Bis2 Bio2 Biod Biod Bio6 Bie? Bio8  Bio8 Bicl0 Bioll Biol2 Biel3 Biold
Si0 35.53 36.67 37.20 38.76 37.52 36,70 37.32 17.43 36.99 36.48 37.00 37.13 36.87 36.94
Ti(), 5.48 2.25 2.27 6.90 4.28 4,44 4156 7.27 2.82 2.42 2.32 2.25 2.4% 240
Al:Oz 15.67 17.43 16.28 15.93 17.8% 17.78 17.39 16.66 17.65 17.33 18.08 18.28 17,78 17,89
Crady 0.04 0.00 0.00 0.04 0.14 0.09 000 0.00 0,02 0.08 0.00 0.00 0.00 0.00
Fe() 18,57 22.74 17.73 11.62 15.30 14,40 13,65 11.35 17.65 21.01 21.19 20.93 21.44 21.1Z
MnO 0.13 0,51 0,23 0.17 0.20 0.24 0.08 0.26 0.24 0,32 0.50 045 0.36 0.30
MgO 11.04 10,40 12.43 14.13 11.38 13.22 13.93 14.11 12.95 §.01 844 830 8.32 8.01
CaC 0.3 0.32 0.3 0.76 0.23 0.16 0.10 0.23 0,18 0.00 .00 000 0.02 0.00
NayO 0.68 0.60 0.3 1.80 0.76 0.8 0.8 1.21 0.58 0.00 005 0,18 022 0.00
K20 7.35 7.91 855 7.51 879 8.45 860 7.60 B.57 9.45 935 9.70 9.58 9.82
P20 - 0,31 0.3 0.16 001 0.16 ¢.10 0,06 0,12 0.18 0.27 ©0.17 0.31 0.21
Total 94.87 99.14 95,71 97.78 95,50 96,50 96,19 96.17 97.77 95.28 §7.20 97.39 97.49 96.69
Number of ions on the hasis of twenty-two oxygens

Si 5.352 5.401 5.585 5.516 5.512 5.367 5.453 5.403 4.133 5.854 5.545 5.543 5.531 5.573
Ti 0.624 0.250 0.251 0.738 0.473 0,488 0.456 0.790 0.237 0.278 0.262 0,253 0.273 0.272
Al 2,797 3.028 2,866 2,671 3,098 3.065 2.996 2.834 2.137 2.126 3.193 3.215 3.130 3.177
Cr 0.005 0.000 ©.00G 0.004 0.013 0.011 0.000 .000 0.003 0.00¢ 0.000 0,000 0.000 0,000
Fe 2.353 2.802 2.214 1.382 1.880 1.765 1.668 1.370 1.6%0 2,688 2.653 2.612 2.632 2.664
Mn 0.019 0.063 0.030 0.020 0.0256 0.029 0.010 0.032 0,022 0.042 0.064 0.001 0.045 0.038
Mg 2.492 2,305 2.767 2.975 2.491 2.882 3.033 3.036 2.156 1.829 1,884 1,848 1.856 1.802
Ca (¢.059 0.080 0.055 0.115 0.036 0.024 0.015 0.036 0.022 0,000 0.000 0.001 0.003 0.000
Na 0.200 0.173 0.096 0.497 0.216 0.244 0.245 0.340 0.127 0,000 0.015 0.053 0.064 0.000
K 1.421 1.488 1.628 1.362 0.648 1.578 1.603 1.400 1.221 1.846 1.787 1.847 1.802 1.754
P — 0.039 0.041 0.019 0,001 0.022 ©¢.012 0.006 0.011 0.024 0.035 0.021 0.043 0.027
Mg 0.51 0,45 0.5 0.8 0,59 0,62 0.61 0.68 0.56 0.40 0.42  0.41 0.41 0.40
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Table 5  Chemical compositions of hornblende microlites and fragments analyzed by EDX.

Hornblende microlites Fragments

Wt% Hornl HornZ  Horn3  Hornd  HornS Horn6  Horn7 Hor?

§i0; 42.17 37.85 36.30 44 .17 44.24 45.18 46.16 42 .83

TiOs 2.88 6.14 7.02 1.62 1.25 0.88 .65 1.08

Alz03 10.74 13.00 11.10 13.27 14.65 13.47 11.37 14,92

Crz03 0.00 0,08 0.13 0.00 0.00 0.00 0.01 0.15

Fe(* 14,50 13.38 17.70 15.93 14.65 16.74 14.90 15.68

MnO 0.44 0.93 0.73 0.34 0.34 0.30 0.26 0.36

MgO 12.26 10.32 9.48 11.33 11.98 11.27 11.21 12.34

Ca0 9.17 9.46 9,45 6.25 6.81 9.01 8.48 3.74

Naz0O 2.44 1.88 2.03 2.79 2.33 1.41 2.45 2.12

K»O 0.71 1.70 1.30 0.64 0.61 0.88 1.11 3.17

P20s5 0.88 0.47 0.36 0.24 0,47 0.36 0.28 0.29

Total 96.19 95.21 95,60 96.58 97.33 99.50 96.88 96,68

Number of ions on the basis of twenty-three oxygens

Si 6.340 5.830 5.705 6.546 6.475 6.787 6.905 6.352

Ti 0.326 0.711 0.830 0.181 0.138 0.100 0.085 0.124

Al 1.902 2.361 2.056 2,317 2.478 1.804 1.942 2.657

Cr 0.000 0.000 0,017 0.000 0.000 0.000 0.001 0.015

Fe 1.824 1.723 2.326 1.974 1.973 2.103 1.865 2.006

Mn 0,056 0.121 0.097 0.042 0.042 0.038 (.033 0.034

Mg (.748 2.368 2.221 2.503 2.614 2.624 2.477 2.817

Ca 1.477 1.562 1.592 0.993 1.068 1.450 1.353 0.609

Na 0.710 0.560 0.619 0.803 0.661 0.411 0.431 0.609

K 0.135 0.334 0.261 0.121 0.114 0.168 0.192 0.635

P 0.112 0.062 0.048 0.030 0.059 0.046 0.023 0.037

XMg 0.60 0.58 0.49 0.55 0.59 0.541 0.57 0.58
B e Ege o LTTEZ0M( A0 M), Zik bk
wl Biotite o olite " Hornblende g & L CEA L TTE 20 URRHTIR), &
i VT H B, BHIRIE DI04 D OFI R
wy . " : GO F O, T R 0 7 ADS
06T ) 08 CHHFITABILRAT, HamaE
0.4 F g 0.8 | . (cryptocrystalline) TH 0, FOHRHNT &) &
02 | - » Y3 ABDEVSH ETHo 72 (Wenk, 19785 Allen,
" 1979; Wenk & Weiss, 1982; Weiss & Wenk,
b 10 20 &0 016 20 30 1983; Maddock, 1983; Macaudiere et al,
M Al 1985). ZOWEE~ MY v 7 AOEKRIZ DO
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Fig.l5 Ti—Al diagrams showing the compositional (Wenk & Weiss, 1982). — DI, #hdhid 2
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Table 6 Chemical compositions of pyroxene microlites Table 7 Chemical compositions of garnet microlites
analyzed by EDX. analyzed by EDX.
Pyroxene microlites Garnets {(Grossular) in spherulitic microlites
W% Pyrl  Pyr2 Pyrd Pyrd Pyr5  Pyr6 Wt% GArl Gar2 Gar3 Gard Garb
Si0s 45,50 47.26 45.95 46.22 46.62 45.75 Si0; 38.21 49.38 39.13 3%.09 38.69
TiOg 1.11 1,08 1.07 1.03 0,92 1.0% TiO: 0.02 ¢.49 0.04 0.06 0.11
AlO3 14.80 14.50 14.18 13.36 13.20 13.68 Al203 25,447 18,78 24.76 25.83 38.69
Cra04 0.14 0.04 0.08 0.00 0.16 0.01 Crz03 0.11 0,09 0.08 0.12 0.07
FeO" 15.00 14.73 14.59 15.52 15,15 16,18 FeOr 9.61 10,17 10.14 9.80 10.37
MnO 0.1 0.33 0.28 0.21 0.08 0.30 MnQ 0.24 0.00 0.20 0.22 0.21
MgC 20.17 16.41 17.83 19.41 20.63 19.58 MgO 0.18 0.61 0.05 0.06 0.18
Ca0 1.03 1.73 1.68 1.31 0.92 1.50 Cad 22.66 17,19 22.69 22,99 21.99
NazO 0.72 1.10 1.68 0.71 0.42 0.38 Naz0 0.13 1.14 0.10 0.12 0.00
K0 0.31 0.23 0.39 0.37 0.16 0.02 K20 0.00 0.11 0.02 0.00 0.27
P20s 0.32 0.31 0.20 0.33 0.26 0.32 P205 0.14 .57 0.21 0.16 0,20
Total 99.29 97.72 97.93 98.47 98.52 98.81 Totat 96.74 98.53 97.42 98.45 100.78
Number of ions on the basis of six oxygens Number of ions on the basis of twelve oxygens
Si 1.660 1.742 1.714 1.704 1.708 1.684 Si 2.952  3.633 2.966 2.967 2.990
Ti 0.031 0.030 0.030 0.029 0.025 0.030 Ti 4.002  0.027 0.602 0,003 0.006
Al 0.636 0.631 0.624 0.585 0.570 59487 Al 2.316 1.629 2.270 2.312 2.258
Cr 0.004 0.002 0.001 0.000 0.003 0.000 Cr 0.006 C.006 0.004 0.008 0.005
Fe 0.458 0.504 0.505 0.478 0.464 0.498 Fe 0.620 0.626 0.660 0,623 0.671
Mn 0.006 0.011 0.008 0.008 0.003 0.009 Mn 0.016 0,000 0.014 0.014 0.014
Mg 1.097 0.902 0.981 1.067 1.127 1.074 Mg 0.020 0.066 0.006 0.008 0.021
Ca 0.040 0.069 0.067 0.052 0.036 0.509 Ca 1.876 1.355 1.892 1.371 1.821
Na 0.051 0.07%¢ 0.05% 0.053 0.030 0.027 Na 0.024 0.162 0.016 ©.017 0.000
K 0.015 0.011 0.01% 0.017 0.008 0.001 0,000 0.011 0.002 0,000 0.023
P 0.010 0.009 0.007 0.010 0.008 0.010 P 0,008 0.036 0.014 0.011 0.014
Ca: Fe: Mg ratios Mn: Fe: Mg ratios
Ca 2.51 4.81 4.43 3.24 2.21 3.62 Mn 2.44 0,00 2.06 2.17 2.13
Fe 28.60 31.87 30.02 29.96 28.53 30.53 Fe 94 .51 90.46 97.06 96.59 94.90
Mg 68.80 63.32 65.55 66.80 69.26 65.85 Mg 3.05 9.54 0.88 1.24 2.97
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Table 8 Chemical compesitions of ilmenite, spinel, and . n HJ.O“' }
magnetic mineral microlites analyzed by EDX. 30 . o0 Hzo(”
i .« o

fllmenite Spinel Magnetic ]
Wt% Illml Nim?2 Spil mineral N 2 Glass
Si0, 2.58 4,10 11.33 19.39 'E) 20L o o °
Ti0» 47.33  55.63 0.31 5.55 g ’
Al0s 3.18 3.28 40.18 §.03 o |
Cra0; 0.02 0.00 0.07 0.15 :f:“
FeO" 36.37 27,20 27.83 50.43 10L
MnQ 0.13  1.27 0.55 0.96 R .
Cal 0.13 0.31 0.75 0.50
Na»O 0.34 0.53 1.09 0.71 0
K0 0.26  0.13 0.6 3.40 Pseudotachylytes | Granites '
Pp0s 0.11 0.10 0.00 0.20
NiO 0.00 0.0l 0.00 0.28 Fig.16 Diagram showing the water contens in the

pseudotachylytes and country rocks.

Total 98.88  94.37 96.18 94.26
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S

e . . . .

Mn 0.005 0.051 0.078 0.168 ¥ /1) T1Dva- FyFTA L CDEHJF
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Ca 0.009  0.016 0.135 0.112 HERH H e, {8 T ) O &R E AT
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"’ 0-008 0008 0.000 0026 (Lin1991; #K - d8 A, KHH%) Wi
Ni 0.002  0.000C 0.000 0.038 S a— FHES 4 FLEEMRD ) Eha®
Total 3.776  3.686 17.68 17.40 ER - BEAS EOEEN TR L DR
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Fy+s4 Fofiiie b)) v 7 Iz LD
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