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Composite Crystal Phases of Authigenic Heulandite-clinoptilolite
from Sandstones and Its Crystal-chemical Significance
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ABSTRACT : The coarse-grained (0.05~0.2mm) zeolites occur as the single-crystal cement
in the sandstones of the Chunbuk Formation in the Pohang area. The zeolite cements unusually
consist of the composite phases of heulandite and clinoptilolite in a crystal. The zeolite crystals
show chemical zoning ranging from 3.56 to 4.10 in Si/(Al+Fe), and tend to become continuously
more silicic and alkalic from the margin toward inside of the crystal. The DTA and high-tem-
perature XRD analyses also show complex patterns of both zeolites. Such a composite crystal
showing chemical zoning and complex thermo-chemical behaviors indicates that heulandite and
clinoptilolite are constituting a solid solution resulted from the coupled substitution of K~Si* =

Ca* Al>.
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Fig. 1. Polarizing micrographs showing heulandite occurrence in sandstones (crossed nicols). A. A euhedral
heulandite crystallized in the intergranular cavity (scale bar=0.Imm): Q. quariz, R. rock fragment. B. A heulandite
crystal cementing detrital grains of quartz (Q) and K-feldspar (K) (scale bar=0.Imm): Note the lower birefringent
part (clinoptilolite) within the crystal.
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Table 1. Electron microprobe analyses of heu-
landite—clinoptilolite solid solution from the Chunbuk
Formation.

_ma;{gi_n inside
SiO; 6395 6182 6411 6625 6696 6537
AlO; 1391 1383 1427 1386 1392 1370
FeO:* 019 008 006 013 000 038
MgO 143 130 138 166 133 150
S1O 061 000 000 017 017 000
Ca0 468 417 448 433 489 448
NaQ 016 034 061 018 030 049
KO 067 121 1.20 068 070 091
Total 8559 8275 86.15 8725 8841 8683
0=72 0=72
Si 2864 2859 2853 2892 2892 2879
Al 734 754 749 7213 700 711
Fe 006 003 002 004 000 0.3
Mg 096 090 092 108 08 099
St 016 000 000 004 004 000
Ca 224 207 214 202 226 211
Na 014 031 053 0.15 0.25 043
K 038 071 068 038 039 051
SiAAl+Fe) 387 378 380 403 408 398
E%) 224 890 215 516 031 147

* total iron as FeOs
E(%):balance errors=100*(Al+Ti+Fe)—(Na+K)—2(Mn
+Mg+Sr+Ca)/(Na+K)+2(Mn+Mg+Sr+Ca)
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Fig. 2. A chemical variation of Si/(Al+Fe) vs. alkali abundance within the single-crystal of heulandite: An arrow

indicates a variation trend toward inside the crystal.
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A3 A(+) AT BAE vebdh ez

of A&eto]Ex 7 FUT|EJM Ca-8 2
El%%ia}O]EOH 23 B¢ 24 & o]Fc 7;39.
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Fig. 3. A synthesized X-ray dot image for Si/Al representing a chemical zoning within a heulandite crystal.
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e 2 B 1= ¢t (Shepard and Starkey, 1966 ;
Alietti, 1972 ; Boles, 1972 ; Kudoh and Takeuch,
1983). w2bAM Ajxkd My (DTA)R F3t}o)
ET AgtolEg d3igd 42 FE o]E9
AR} AN o) #4F Ao & 9o
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A AP AAd B4 (DTA) 2 933 24
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Agol FAEAL HAHoZE ha EiAql
AA e 2o (Fig. 4). €5% 244 &
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Fig. 4. Differential thermal curves (DTA and TGA) of the heulandite: Note the small shoulder peaks (arrow) includ-

ing the first dehydration peak at 105°C due to the composite crystal phases of the heulandite and their variation in cation
abundance.
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Fig. 5. X-ray diffraction patterns of the heulandite at elevated temperatures: A. (020) reflection of natural phase of
heulandite (heulandite A)and/or clinoptilolite, B. (020) reflection of high-temperature phase of heulandite (heulandite B).
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