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Abstract

A group of clays with industrial application have been studied. The clays come from a mining area in Teruel, and in particular from the area located
between Arifio and Crivillén, where clay industries are situated. In relation to their mineralogical composition, three main groups of lutites have been found.
The first group has a predominance of kaolinite (more than 85%). The second group of lutites has a low quartz content and a predominance of kaolinite-
illite, while, the third group shows a predominance of kaolinite-illite, but unlike those in the second group, quartz contents may be up to 40%. The study of
the chemical and mineralogical composition allows the evaluation of the applicability of the clays studied: refractory, fine clay (meaning white paste of

pavement and coating), red paste of pavement and coating, and heavy clay.
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1. Introduction

There is a significant stock of literature on ceramic clay
mineralogy. The studied clays, located in the provinces of
Castellén, Valencia, Barcelona and Teruel, undoubtedly
comprise the raw material base of the Spanish ceramic in-
dustry. This paper specifically discusses the mineralogical
and geochemical characteristics of the Lower Cretaceous
Clays from Estercuel Basin, around Teruel and Castellén.

It is well known that industrial clays have a complex min-
eralogical composition. During the firing process of phyllo-
silicates and accompanying minerals like quartz, feldspar,
calcite, dolomite and hematite, a series of transformations
occur, which govern the final properties of the ceramic prod-
ucts!* Through the ceramic process, these crystalline struc-
tures partially decompose and others are formed
simultaneously. There is no instantaneous destruction of the
pre-existing structure?. Knowledge of the origin, diagenesis
and physicochemical composition of the clays is essential
when designing compositions that are suitable for ceramic
production.

The clay deposits which were studied are located in the
Terminal Lower Cretaceous. As it frequently occurs, the

clays deposits are located within coal deposits, so that con-
stitute coal spoils. The outcrops of formations of the Termi-
nal Lower Cretaceous in the mining area of Teruel are
represented in figure 1. Here, the most important coal pro-
ducing areas are situated in the Utrillas-Escucha-Estercuel
and Arifio-Andorra regions (Figure 2). The La Cafiada de
Verich-La Cerrollera area constitutes a zone of refractory
clay formations. This report mainly refers to the detrital Lig-
nitos de Escucha and Arenas de Utrillas formations.

Some materials exploited in the area shown in Figure 2
(La Canada de Verich, Cerrollera-Rafales, Fuentespalda-Be-
ceite Foz- Calanda and Castellote areas), are marketed as re-
fractory clays or as "ball clays". The ball clays are used
nowadays in clay pavement-coating, with a spectacular in-
crease of their consumption in the home market since 1990.
The refractory clays are exported to Portugal, Italy and Mo-
rocco, and their consumption has decreased in the home mar-
ket.

The main objective of this study has been to establish a
classification on industrial clays that are exploited nowadays
in the mining area described. Such a classification is based
on petrographic characterization, mineralogical analysis



Table 1. Mineralogical composition (%) of the studied samples.
Legend: 0: non-present mineral phase; +: Minor mineral phase present). Q: quartz; K: kaolinite; I: illite; Cl: chlorite.; S: Smectite; F: feldspars;
Ca: calcite; D: dolomite; H; hematite; Si: siderite; Py: pyrite. Mineralogical composition of clay fraction (K & I) and cristallinity values (FWHM).

Sample Q K FWHM (7A) I FWHM (10A) Cl S F Ca D H Si Py |
OEl 47 35 0,54 13 0,28 + + 3 0 0 0 1 + |
OE2 19 56 0,71 22 0,25 + + 1 1 0 0 0 0
OE3 28 44 0,63 25 0,21 + + 1 1 1 0 0 0
OE4 18 23 0,59 56 0,42 + + 1 1 0 0 0 0
OE5 20 43 0,61 32 027 + + 2 1 0 0 0 0
OE6 9 52 0,62 35 0,28 + + 1 1 1 0 0 0
OE7 27 46 0,82 21 0,44 + + 1 2 1 0 0 +
OE8 8 rg 0,76 ) 047 ¥ T 3 1 0 0 0 0
OE9 30 41 037 24 035 0 + 1 2 0 0 0 0
OEI0 44 31 0,40 21 022 0 + 1 1 1 0 0 0
OE11 33 24 0,44 36 0,17 0 e 1 1 2 ¥ 1 0
OEI12 21 75 0,60 0 036 + + 0 1 0 + 0 0
OE13 30 44 035 20 018 + + 1 2 2 0 0 0
OEl4 7 84 0,57 8 0,17 0 ¥ 0 0 0 0 0 0
OEI5 21 65 0,60 5 0,29 0 + 0 5 0 + 0 0
OE16 4 67 0,09 24 0 + + 1 2 i + 0 +
OE17 3 92 0,13 0 0 0 + 0 2 0 ¥ 0 0
OEI18 13 80 0,59 3 013 0 + 1 0 0 + 0 0
OE19 8 8 0,79 8 023 0 + 1 1 0 + 1 0
OE20 17 69 0,75 13 027 0 + 0 0 0 0 0 0
OE21 33 62 0,62 0 027 0 + 1 0 0 + 0 0
OE22 29 47 0,45 15 022 0 ¥ 1 6 0 0 1 0
OE23 3 71 0,52 22 0,20 0 + 0 0 0 + 0 0
OE24 14 47 0,54 33 0,20 0 ¥ 1 2 1 0 0 0
UK1 13 59 0,29 25 030 0 + 0 1 1 0 0 0
UK2 24 43 0,39 32 034 0 + 1 1 0 0 0 0
UK3 35 36 0,39 28 0,40 0 + 1 0 0 0 0 0
FR1 15 74 0,43 11 0,20 0 + 0 0 0 0 0 0
OE25 36 36 047 24 028 0 + 1 2 1 0 0 0
OE26 14 78 0,68 7 033 0 + 0 0 0 0 0 0
AAl 56 27 0,51 13 029 + 0 3 0 0 + 1 0
AA2 59 26 042 12 028 0 + 2 0 0 0 0
AA3 58 33 0,60 8 0,60 0 0 0 0 0 + 0 0
AA4 38 40 047 22 022 0 0 0 0 0 0 0 0
AAS 37 42 047 21 033 0 0 0 0 0 0 0 0
AA6 33 42 0,38 24 0,36 0 + 0 0 0 + 0 0
AA7T 42 28 0.4 31 028 0 + 0 0 0 + 0 0
AA8 36 39 0,60 23 029 ¥ 0 0 0 0 + 2 0
AA9 48 43 0,53 9 032 + 0 1 0 0 + 0 0
AAILD 61 17 0,46 15 030 0 0 6 0 0 0 1 +
AALl 32 30 047 34 028 0 0 0 0 0 0 4 0
AAI2 33 33 0,54 3 0,46 + 0 1 0 0 + 1 0
AA13 56 30 0,72 8 0,48 0 0 1 0 0 0 4 0
AAl4 33 44 0,60 22 0,51 0 0 0 0 0 0 0 +
AALS 47 36 0,50 13 0,12 0 0 0 0 0 & 4 0
AA16 26 50 045 22 0,13 0 0 0 0 0 + 0 +
AALT 36 49 0,52 13 0,30 + + 1 0 0 + 0 0
AAI8 41 31 0,50 26 0,29 0 0 1 0 0 + 0 0
AAI19 57 29 052 13 030 0 0 0 0 0 0 0 ¥
AA20 17 31 055 50 040 + 0 1 0 0 0 0 +

in the matrix. For the group association of the samples the
distances between themselves within a cluster (the smallest
one possible), and the distance between different clusters

(the largest one possible) were kept in mind. The distance
between the individuals was measured by the square of the
“Euclidean distance”. In the case of the chemical composi-



Table 2.- Major elements (weight percentage).

Sample Si0, ALO; Ca0 MgO Na0 K70 Fe,03 MnO TiO, P,05 LOI s
Units % % % % % % % % % % % %

Det. Lim. | 001 001 0.01 001 0.01 001 001 0.01 0.001 001 001 001
OElL 594 232 035 073 022 228 328 0.04 1 007 925 99.82
OE2 59.1 234 058 068 0.11 254 207 003 104 005 915 98.75
OE3 61.1 222 02 0.68 0.17 254 266 0.04 0.971 007 855 99.18
OE4 488 274 047 136 0.23 346 416 004 092 0.1 1238 99.75
OE5 632 219 0.18 069 0.18 2385 191 0.04 1.04 007 75 99.56
OE6 57.1 252 029 073 0.24 278 213 003 0975 0.09 945 99.02
OE7 592 234 021 07 0.21 282 19 0.03 102 008 87 9827
OE8 547 252 024 09 0.26 262 4.16 0.04 102 008 103 9952
OE9 62 236 005 055 0.12 231 153 0.03 114 006 .55 99.94
OEI0 61.9 237 0.02 05 0.15 227 133 0.03 12 0.06 785 99.01
OE11 63.1 19 0.24 086 0.17 3 439 0.04 0978 0.06 755 99.39
OE12 484 295 0.18 051 0.09 058 5.85 0.03 1.88 0.06 125 996
OE13 684 185 0.54 0.56 0.5 242 1.56 003 0.986 0.11 6.1 99.36
OE14 48.1 293 038 0.61 0.06 08 3.36 003 188 0.06 14.6 992
OE15 39.2 286 2.08 0.62 007 105 14 005 127 0.09 14.6 99.94
OE16 408 271 351 0.78 007 0.44 7.29 005 135 0.06 17 98.46
OE17 27 315 022 0.54 0.1 0.68 918 0.03 133 0.06 14 100.36
OE18 52.7 244 034 0.43 002 045 6.64 004 236 0.07 10.7 98.17
OE19 25 289 204 072 0.05 0.4 6.15 005 145 0.05 173 99,67
OE20 522 235 0.39 0.66 008 127 8.67 0.03 1.66 0.06 105 99.03
OE21 579 219 053 042 0.06 032 532 003 274 0.07 955 98.36
OE22 56.1 239 1 0.61 0.12 207 323 003 0.843 026 109 99.06
OE23 363 253 0.46 084 0.1 16 | 224 0.18 113 0.1 15 99.92
OE24 589 207 0.29 0.88 0.13 2.8 496 004 0.975 007 86 98.43
UK1 545 28.1 022 0.54 0.17 1.99 129 003 122 0.08 18 99.94
UK2 594 247 0.06 054 032 229 0.99 003 155 009 885 98.82
UK3 649 209 0.09 052 029 1.96 097 0.03 1.66 008 745 98.85
FR1 598 249 034 045 0.05 0.79 125 0.03 119 0.08 109 998
OE25 622 224 027 0.54 0.11 2.19 207 003 114 0.12 305 99.12
OE26 472 293 0.39 0.65 0.08 085 2.18 003 148 0.06 172 99.44
OE27 543 229 055 1.07 0.88 328 7.54 0.06 113 021 775 9967
AAL 639 21.9 021 037 0.16 274 189 0 1.033 0.11 775 100,07
AAZ 717 174 029 027 0.11 147 138 0 1.179 0.06 665 100.52
AA3 65.4 211 029 031 0.09 172 202 0 1144 007 79 100.05
AA4 584 242 0.48 057 0.13 2.69 363 0.02 1 0.1 92 10044
AA5 659 208 0.17 028 0.1 153 187 0 1.056 0.1 85 100.32
AA6 649 215 0.29 034 0.11 203 172 0 1.088 012 845 100.56
AAT 674 189 0.29 042 0.I5 264 186 0 0.932 0.19 725 100.04
AAB 69 176 021 03 0.07 155 307 0.01 1072 005 7.15 100.09
ARD 719 163 0.18 0.18 0.05 12 291 0 1413 0.04 585 100.03
AAIO 763 142 0.18 027 0.09 22 132 0 1053 0.04 485 1005
AAIL 609 215 051 054 0.15 2.96 447 0.08 0.969 0.15 805 1003
AAI2 6.1 222 052 0.59 0.11 276 401 0.04 1.118 0.1 89 10047
AAI3 673 155 034 036 0.05 122 629 0.06 1222 007 775 100.17
AAL4 612 239 041 0.42 0.08 201 8 001 1.1 0.11 91 100.16
AALS 66 172 0.19 032 0.09 164 55 0.03 098 0.1 805 100.11
AAL6 59.7 223 041 034 0.09 183 2.17 0 1057 0.06 122 100.17
AALT 626 219 0.36 046 0.13 285 35 0 0977 0.15 735 100.29
AAIS 639 205 0.36 048 . 0.12 278 339 004 1.056 0.12 7.05 99.81
AAI9 73 143 0.19 0.19 0.04 0.96 432 0 1383 0.04 565 100.07
AA20 60.8 21 0.44 077 0.12 359 374 0 0954 0.11 36 100.13

acterized by the presence of kaolinite with an intermediate an intermediate value of 30%, feldspars (intermediate value),

value of 39%, illite with a higher value of 28%, quartz with calcite (with a content similar to group 3), dolomite with the



