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Abstract

A combined facies and clay mineralogy analysis of the continental succession recorded
in the lower part of the Blesa Formation (early Barremian, Oliete subbasin, NE Spain)
allowed us to specify the palaeoclimatic and palaeoenvironmental conditions under
which this sedimentary record originated. Six outcrops including clays, clays/marls and

dm-thick interbedded palustrine-lacustrine limestone levels were logged and sampled
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for X-ray diffraction and optical and electron microscopy analysis. The lower levels
consist of red clays with abundant ferruginous pisoids (1-5 mm in size) and
macropisoids (>5 mm), whereas the intermediate and upper levels are ochre and violet
clays/marls with few or no pisoids. The pisoids normally consist of a nucleus and a
cortex made up of several layers. Some pisoids have a fragment of a previous pisoid
acting as a nucleus, indicating local re-working processes. Both the nucleus and the
cortex are formed by hematite, goethite, variable contents of kaolinite, and minor
proportions of ilmenite. Their texture and mineralogy show an in-situ growth.
Interbedded limestone beds within the clay- and clay/marl-dominated levels are
formed by micrite, microsparite and sparite. These limestones are cemented by
kaolinite and they also have pisoids, indicating the occurrence of edaphic processes.
The red clays have the lowest calcite content and the highest hematite, anatase,
diaspore, goethite and kaolinite content. By contrast, the ochre and violet clays/marls
have higher illite content. Smectite is only detected in the ochre clays/marls. This
mineral association is characteristic of lateritic palaeosols, formed under warm and
humid conditions. Kaolinite and smectite textures indicate that they are authigenic,
whereas illite may be of detrital origin. The upward decrease in kaolinite, hematite,
anatase, diaspore and goethite content, along with the increase in quartz content and
the presence of smectite and illite, reflect a change from warm and humid conditions

to drier and colder conditions during the early Barremian in the studied area.
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1. Introduction

The study of both facies and clay mineralogy in sedimentary successions is of great
interest in allowing palaeoclimatic and palaeoenvironmental conditions to be
inferred (Chamley, 1989; Velde, 1995; Thiry, 2000). In Mesozoic and Cenozoic
sequences of continental materials, which include palaeosol developments, the
variations in clay mineral assemblages have been widely used as palaeoclimatic and
palaeoenvironmental proxies (e.g. Ehrmann et al. 2005; Raucskik and Varga, 2008; Do
Campo et al. 2010; Bauluz et al. 2014, Do Campo et al. 2018 and references therein).
Notably, palaeosols are formed in direct contact with the atmosphere, and thus clay
minerals formed during their development can be correlated with climatic and
palaeoenvironmental factors such as temperature, water availability during
pedogenesis and vegetation cover, which control chemical weathering (Sheldon and
Tabor, 2009; Varela et al. 2018).

Physical weathering processes predominate in dry and cold climates, and palaeosols
that form under these conditions contain mineral assemblages dominated by illite
and/or chlorite (Chamley, 1989). In contrast, intense hydrolysis processes take place
under humid subtropical to tropical climates, giving rise to the formation of laterites,
lateritic clays, and bauxites, where kaolinite is the main clay mineral (Chamley, 1989;
Righi and Meunier, 1995). On the other hand, chemical weathering is less intense
under warm climates with alternating humid and dry seasons, and in these cases
smectite is formed (Buurman et al. 1988; Giliven, 1988; Chamley, 1989; Murakami et

al. 1996).



In NW Europe, a warm and humid climate was recorded during the early Barremian
(Wright et al. 2000), which is also evidenced by the presence of ferruginous
palaeosols and bauxites (Bardossy, 1982). By contrast, an alternation of wet and dry
seasons has been described during this period in the west of Europe (Haywood et al.
2004).

In the Iberian Range (NE Spain), a seasonal subtropical climate has been described
during the Lower Cretaceous (Buscalioni and Fregenal-Martinez, 2010). Previous
researchers pointed out the presence of Barremian kaolinite-rich clays, bauxite
deposits and lateritic clays in this area (Combes, 1969; Molina and Salas, 1993; Bauluz
et al. 2014, Yuste et al. 2015; Yuste et al. 2017), which is also consistent with
relatively warm and humid conditions.

The link of clay mineral assemblages with the palaeoclimate-palaeoenvironment is
not always straightforward. Clay-rich rocks and palaeosols frequently include not only
authigenic clay minerals, but also others that formed during diagenetic processes.
These processes could transform the clay minerals initially formed and therefore
alter the palaeoclimatic-palaeoenvironmental signal (Dera et al. 2009; Bauluz et al.
2014). For this reason, it is necessary to conduct textural studies to assess possible
diagenetic modifications in clay minerals before using them as palaeoclimatic
indicators.

In this work, the use of X-ray diffraction and optical and electron microscopy to
undertake a sedimentological, mineralogical and textural characterization of clay-rich
outcrops present in the early Barremian (Lower Cretaceous) continental successions

of the Oliete subbasin (Maestrazgo Basin; NE Spain) allowed us: 1) to characterize



sedimentary (in-situ vs. detrital) and diagenetic minerals; 2) to establish the variation
in in-situ clay mineral assemblages and the palaeoenvironmental conditions under
which they were formed; 3) to link the vertical trends of in-situ clay mineral
assemblages with variations in the formation conditions, in particular

temperature/humidity.

. Geological Setting

The opening of the Atlantic Ocean along with the westward spread of the Tethys
Ocean during the Late Jurassic-Early Cretaceous generated rifting processes in the
eastern part of the Iberian Plate. During this active rifting period, extensional fault
activity resulted in the progressive structural compartmentalization of the wide
marine carbonate platforms that had previously developed during the Jurassic. All
this resulted in the generation of independent subsiding rift-related sedimentary
basins and subbasins, such as the Maestrazgo Basin in the eastern part of the Iberian
Plate (e.g., Van Wees et al. 1998; Salas et al. 2001; Aurell et al. 2019).

The subbasin under study, the Oliete subbasin, is located in the northwestern
marginal area of the Maestrazgo Basin (Fig. 1). The lower syn-rift sedimentary unit of
the Oliete subbasin is the Blesa Formation, which reaches a thickness of up to 150 m
(Canérot et al. 1982). This formation is divided into three genetic stratigraphic
sequences: the lower Blesa (LBS), middle Blesa (MBS) and upper Blesa (UBS)
sequences (Aurell et al. 2018). These authors describe the LBS as consisting of distal
alluvial to palustrine marls/clays and palustrine-lacustrine limestones upwards and

including clay-rich materials in its lowermost part; these are the materials studied in



the present work. The MBS is formed by oyster-rich limestones and marls grading
upwards and landwards to distal alluvial and palustrine-lacustrine marls/clays and
limestones. Finally, the UBS contains distal alluvial red clays in its lowermost part and
palustrine and lacustrine carbonates and marls/clays towards the top (Aurell et al.
2018). The Barremian age of the Blesa Formation is well-constrained by the presence
of charophytes in the palustrine—lacustrine marly and limestone facies found in the
LBS and UPS (Canudo et al. 2010; Moreno-Azanza et al. 2014).

The lower part of the LBS studied here contains red to ochre and violet-ochre
marls/clays of very variable thickness (0—60 m thick) at subbasin scale and local
intercalations of carbonate-rich beds with root traces, charophytes and vertebrate
fossils (Aurell et al. 2018 and references therein). Of particular interest for this work
is the presence of dominant red clays in the lowermost part of the LBS, including
ferruginous pisoids, thus indicating soil development at the onset of the
sedimentation of the Blesa Formation. The tectono-sedimentary evolution at this
initial development stage of the Oliete subbasin has been documented in Aurell et al.
(2018). According to these authors, there was a period of subaerial exposure and
erosion after the Jurassic marine carbonate sedimentation, which encompassed most
of the Tithonian—Hauterivian, and normal faulting involved the overall tilting of the
Jurassic limestones, which resulted in higher uplift and erosion of the areas located to
the SW. In these areas only the lowermost Jurassic units are preserved from erosion
(see the Montalban Anticline in Fig. 2A), whereas a more complete Upper Jurassic
succession is preserved in the NE domains (see the Alacén area in Fig. 2A). The

angular erosive unconformity (Fig. 2C—E) over the tilted Jurassic limestones is linked



to a palaeokarst surface, which includes dissolution—precipitation meteoric features.
The clay/marl-dominated succession of the lower part of the LBS studied here covers
this palaeokarst (Fig. 2C, E). The main areas of clay-rich deposits with ferruginous
pisoids within the Oliete subbasin are located in the northern (around Alacén) and
southern regions (between the villages of Josa and Estercuel) (Fig. 2A). Further
tectonic reactivation during the early Barremian gave rise to the development of an
orthogonal system of NW—SE and NE-SW trending normal faults (Fig. 2B), which
enabled the spreading of the distal alluvial and palustrine-shallow lacustrine

sedimentation that characterizes most of the LBS (Aurell et al. 2018).

3. Methods

3.1. Logging and sampling
Six outcrops of the lower part of the LBS in the northern and southern areas of the
Oliete subbasin were selected for logging and sampling (Fig. 2A). Logs ALC1, ALC2,
ALC3 and VE are located to the north of the locality of Alacén, whereas logs JO and
EST are found to the south of the towns of Josa and Estercuel, respectively.
The logged sections include different levels of red clays with pisoids, ochre or violet
clays/marls with few or no pisoids, and a few intercalated palustrine-lacustrine
limestone beds. Thickness, lithology, colour, texture and stratification were studied
bed-by-bed, and a total of 47 samples of clays and clays/marls, palustrine-lacustrine
limestones and ferruginous pisoids were taken for further analyses of texture and
mineralogical composition in the laboratory (Table 1).

3.2. X-ray diffraction



The mineralogical composition of 47 samples was determined by X-ray diffraction
(XRD). The <2 um fractions of clay and clay/marl samples (n=33) were also analysed
(Table 1). These fractions were concentrated by centrifugation and analysed on both
air-dried and ethylene-glycol-treated oriented aggregates, following the procedure
described by Bauluz et al. (2014). The diffraction patterns were obtained using a
Philips 1710 diffractometer at the University of Zaragoza (Zaragoza, Spain), with 40
kV voltage, 30 mA current, CuKa radiation, automatic slit, and a graphite
monochromator. The XRD patterns were acquired from 3 to 602 26 and 3 to 302 26
for whole samples and <2 um fractions, respectively. The analyses were performed
using the XPowderX software (Martin, 2017).

After determining the mineralogy of the samples, relative proportions of the mineral
phases were acquired using Reference Intensity Ratio (RIR) values from Schultz
(1964), Biscaye (1965) and Smith and Johnson (2000). The RIR values were calculated
according to Hillier (2003). In addition, the full width at half maximum (FWHM) of the
001 reflections of kaolinite in both air-dried and ethylene-glycol-treated oriented

aggregates was measured in order to determine kaolinite crystallinity.

3.3. Optical and Electron microscopy
Twenty-one thin sections of clays and clays/marls, palustrine-lacustrine limestones
and ferruginous pisoids (coated with a thin layer of epoxy resin) were studied by both
transmitted and reflected light microscopy in order to identify transparent and
opaque minerals as well as to characterize their texture (Table 1). The description of

the ferruginous particles was made following the terms given by Bardossy (1982):



macropisoids (>5 mm), pisoids (1-5 mm), ooids (100 mm-1000 pm) and micro-ooids
(<100 pm).
Seventeen thin sections were studied using a Carl Zeiss Merlin field emission scanning
electron microscope (FESEM) equipped with an Oxford energy-dispersive X-ray (EDS)
detector at the University of Zaragoza (Zaragoza, Spain) (Table 1). For this, the thin
sections were previously carbon-coated. Compositional images of the samples were
obtained using two types of backscattered electron detectors: angular selective (AsB)
and energy selective (EsB). The accelerating voltage used for the former and for the
EDS was 15 kV with a beam current of 400 pA. For the latter, the accelerating voltage
was 4 kV with a beam current of 2.0 nA. In addition, morphological images were
obtained from fragments of the rocks using a secondary electron detector (In-lens).
In this case, the accelerating voltage was 5 kV with a beam current of 800 pA.
Semi-quantitative analyses were carried out using the EDS detector, which has a
detection limit of 0.1%. From these analyses, clay mineral formulas were calculated in
order to compare them with the theoretical compositions. The kaolinite formula was
calculated on the basis of Os(OH)4, and the smectite and illite-type-phase formulas
were calculated on the basis of O19(OH),.

4. Results

4.1. Stratigraphy and facies distribution
4.1.1. Northern area
In the Alacén area (logs ALC1, ALC2, ALC3 and VE), the lower part of the LBS has a
very variable thickness ranging from 3 to 23 m (Fig. 3A—C). Within individual logs

there is a vertical distribution of facies from red clays with variable pisoid content to



ochre clays/marls with few pisoids, and to violet clays/marls without pisoids. In
addition, a dm- to m-thick fibrous-radial nodular calcite bed and limestone beds are
also recognized in the lower part of the successions, intercalated in the red clays.

Log correlation indicates that the number and thickness of clayey and limestone
levels vary among the outcrops studied around Alacén (Fig. 3A). The first deposits of
the LBS overlying the palaeokarstified Jurassic limestones correspond to a lowermost,
3-m-thick red clay level with fibrous-radial calcite nodules (5-12 cm in diameter) and
pisoids, which is only recorded in log ALC2. This level pinches out laterally due to the
irregular topography of the underlying palaeokarstified Jurassic limestones. A lower
nodular limestone level (0.5 to 2 m thick) with fibrous-radial calcite nodules (5-10 cm
in diameter) and some ferruginous pisoids overlies the basal red clay level in ALC2
and the palaeokarstic surface in ALC1, ALC3 and VE.

Upwards, red clay levels with abundant pisoids and intercalated palustrine-lacustrine
limestone beds are recognized (Fig. 3A-D). Log correlation indicates variation in the
number and thickness of red clay levels. In particular, there are three red clay levels
(~1.5 m thick) in logs ALC1 and VE (levels 1 to 3 in Fig 3A), whereas there is only one
level (up to 5 m thick) in log ALC3. The intercalated limestone beds are 0.6 to 2 m in
thickness and contain ferruginous pisoids but no fibrous-radial calcite nodules.
Overlying the red clays with interbedded limestones, there is an ochre clay/marl level
(4 to 5 m thick) that contains few ferruginous pisoids (level 4 in Fig. 3A), which in turn
is overlain by a topmost 1.5 to 2 m-thick violet clay/marl level without pisoids (level 5
in Fig. 3A).

4.1.2. Southern area
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The overall thickness of the lower part of the LBS is variable in the southern outcrops
logged near Josa (JO, 9 m thick; Fig. 4A) and Estercuel (EST, 36 m thick; Fig. 4B).
Successive red clay levels (3 to 6 m thick) overlie the palaeokarstic surface that
developed over the Jurassic limestones. These levels contain abundant ferruginous
pisoids (with the exception of the last level of red clays of EST). Limestone beds
intercalated in these red clays are very scarce. In the EST log, a 0.3-m-thick limestone
bed with fibrous-radial calcite nodules and pisoids, similar to that observed in ALC2
and VE, is interbedded between the two red clay levels with abundant pisoids. In the
JO log, on top of the red clay there is a 0.3-m-thick palustrine-lacustrine limestone
bed with micrite intraclasts and pisoids, but without fibrous-radial calcite nodules.
The successions end with an ochre clay/marl level (2 m thick in JO, 10 m thick in EST)
and a 10-m-thick violet clay/marl level in the EST log. Neither the ochre nor the violet
levels contain ferruginous pisoids.

4.2. Optical microscopy results
The fine-grained matrix of red clays and ochre and violet clays/marls are formed by
clay minerals and oxides that cannot be identified at the resolution of the optical
microscope. Occasionally, quartz fragments (10—600 um) and micron-sized oxides can
be recognized (Fig. 5A). Carbonate is observed as micritic nodules (Fig. 5B) or as
sparitic crystals cementing the matrix (Fig. 5C). Microsparite carbonate cement is also
observed in some samples.
The ferruginous pisoids found in the red clays and ochre clays/marls encompass
macropisoids, pisoids and ooids/micro-ooids, following the classification proposed by

Bardossy (1982).

11



Macropisoids are spherical to ellipsoidal and have a nucleus formed by pisoids (Fig.
6A), ooids and micro-ooids coated by goethite and hematite with botryoidal textures
(Fig. 6B, C, D and E), sometimes forming a sequence of alternate layers (25 to 700 um
thick) of both phases (Fig. 6B, D and E). Occasionally, an up to 1-3 mm-thick outer
cortex formed by several concentric layers is observed over the nucleus of some
macropisoids (Fig. 6D). The concentric layers consist of goethite, as deduced by
optical properties under reflected light. Occasional quartz fragments and small rutile
crystals are included among the cortex layers.

The pisoids display spherical and occasionally ellipsoidal morphologies. Using the
classification of Guerrak (1987), they can be categorized as simple or fragmented.
Simple pisoids show a massive nucleus and a cortex with several concentric layers
(Fig. 5D), both formed by a mixture of iron oxides and clay minerals with occasional
quartz fragments and rutile crystals. Fragmented pisoids have a nucleus formed by a
fragment of a pisoid and a cortex with concentric layers similar to that of the simple
pisoids (Fig. 5D). Some pisoids (both simple and fragmented) are fractured and partly
replaced by sparitic carbonate (Fig. 5C). Broken pisoids are also observed. In addition,
scour-and-fill textures, similar to those described by Taylor et al. (2008), are found in
the cortex in some pisoids (Fig. 5E).

Ooids and micro-ooids (sensu Bardossy, 1982) are also observed in some clayey
levels. The size ranges from 200 to 400 um for the ooids and from 20 to 100 um for
the micro-ooids. Like the simple pisoids, they present spherical morphologies with a
massive nucleus and a cortex with concentric layers and are formed by hematite and
goethite (Fig. 5F).
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The palustrine-lacustrine limestones are formed mainly by micrite, locally with
microsparite and sparite crystals, and they also contain some micritic nodules and
intraclasts (1-4 mm in size; Fig. 5H), spherical ferruginous pisoids (1-4 mm) and
ferruginous ooids (200—400 um). Fe-rich pisoids are simple, with a massive nucleus
and concentric layers; most of them are fractured and others are partly replaced by
micritic and sparitic carbonate (Fig. 5G). Some limestones also contain fossil remains
such as disarticulated bivalve shells (Fig. 5H).

4.3. XRD results
XRD patterns of samples of the clays and clays/marls of the ALC1 and EST logs are
shown in Figure 7. The same mineral phases were detected in the samples taken in
the rest of the outcrops. The XRD results show that the clays and clays/marls are
formed mainly by calcite, quartz, and clay minerals, with minor quantities of
orthoclase, hematite, goethite, anatase, rutile, ilmenite and diaspore. In the <2 pm
fraction, abundant kaolinite with illite, smectite and mixed-layers of illite/smectite
(1/S) and chlorite/smectite (C/S) are identified as clay minerals.
The red clays have the lowest calcite content but they present the highest hematite,
anatase, diaspore, goethite and kaolinite content. By contrast, the ochre and violet
clays/marls have higher illite content, and smectite is only detected in the ochre
clays/marls.
Using the classification of Allix et al. (2011), the studied samples of clays and
clays/marls show hybrid compositions including argillaceous mudstones, argillaceous
marlstones, siliceous marlstones and calcareous mudstones. These variations in

lithology are a consequence of the variable proportions of carbonates and silicates.
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Specifically, the red clays correspond to argillaceous mudstones and argillaceous
marlstones, whereas the ochre and violet clays/marls are formed by siliceous
marlstones and calcareous mudstones. Palustrine-lacustrine limestones are classified
as calcareous mudstones.

The relative proportions of mineral phases in the thickest outcrops (the ALC1, VE, JO
and EST logs) are shown in Figure 8. Calcite detected by XRD is not represented,
because, as will be explained below, a large part of it did not form coetaneously with
the clays and clays/marls. Proportions of mineral phases vary from base to top.
Quartz content increases upwards whereas hematite, goethite, anatase, rutile,
ilmenite and diaspore content decrease. Furthermore, kaolinite is the only clay
mineral in the lower red clays reaching more than 50%. Its content decreases
upwards coeval with an increase in the variety of clay minerals, where illite, smectite
and mixed-layers of I/S and C/S are detected along with the kaolinite. This change
almost coincides with the change from red clays to ochre clays/marls. Finally, in the
violet clays/marls at the top, the dominant clay mineral is illite.

Table 2 shows kaolinite crystallinity values, which are in general greater than 0.4 and
thus indicate low crystallinity. Overall, comparison of the values measured in air-
dried and ethylene-glycol-treated samples shows that there are no significant
differences, except in some cases where the difference between the two values could
be indicative of the presence of expandable components such as smectite.

As far as macropisoids are concerned, XRD patterns show that they contain quartz,
calcite, clay minerals (kaolinite, as deduced from the FESEM study), hematite,

goethite, ferrihydrite and ilmenite. The relative proportions of these minerals in four
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macropisoids from the first and second red clay levels in the ALC1 and VE logs are
shown in Figure 9 as an example. In particular, macropisoids are mainly formed by Fe
oxyhydroxides (hematite, goethite and ferrihydrite), kaolinite, and occasionally lower
proportions of ilmenite. Calcite was not included, for the same reason as in the case
of the clays and clays/marls.

4.4. FESEM results
4.4.1. Backscattered and secondary electron images
Backscattered and secondary electron images of clay and clay/marl samples (Fig. 10)
show that the matrix of red clays is formed by kaolinite, hematite, goethite,
anatase/rutile and ilmenite. Quartz fragments and orthoclase with anhedral
morphologies are occasionally observed.
Kaolinite appears mainly as subhedral to euhedral nanometric plates, commonly
showing pseudohexagonal outlines (Fig. 10A and B) and less frequently forming
booklets (Fig. 10C and D). In the ochre and violet clays/marls, Fe and Ti oxides are less
abundant or are even absent. In these cases, smectite (in the ochre samples) with
flake morphologies and illite with wavy shapes (Fig. 10E and F) are observed.
Pisoids and macropisoids are mainly composed of hematite and goethite, with
different proportions of kaolinite and minor proportions of ilmenite and calcite.
Oxides in the nucleus are occasionally observed to be acicular whereas those in the
cortex are anhedral (Fig. 11A). Kaolinite in the pisoids, in both the nucleus and the
cortex, shows the same morphologies as those observed in the matrix, occurring with
platy shapes and random orientation (Fig. 11B) or, alternatively, forming booklet

aggregates (Fig. 11C). Booklets are also observed filling the internal cavities of the

15



pisoids. These booklets are larger in size compared with those found in the matrix of
the clays and the clays/marls and the nucleus of the pisoids. They reach up to 1 um in
diameter and more than 2 um of longitudinal development in the direction of the ¢
crystallographic axis (Fig. 11D). On the other hand, the concentric layers of the cortex
show different proportions of kaolinite and Fe oxides, allowing one layer to be
distinguished from another. Fe oxides also appear among the matrix of the clays and
clays/marls (Figs. 11B and C).

Carbonate intraclasts found in the violet and ochre clays and clays/marls are formed
by sparite and/or microsparite, whose EDS analyses show homogeneous calcite
compositions (Fig. 12A). Partly dissolved, reworked calcite fragments cemented by
kaolinite from the matrix are observed in the ochre and violet clays and clays/marls
(Fig. 12B). The palustrine-lacustrine limestones are also locally cemented by kaolinite
(Fig. 12C). On the other hand, the replacement of some fractured pisoids and
partially of the clay matrix by sparitic calcite (Fig. 12D) is better observed with the
FESEM images than by optical microscopy.

4.4.2. EDS results

The results of the EDS analyses were used to calculate chemical formulas for the
kaolinite, smectite and illite found in the matrix of the red clays, ochre clays/marls
and violet clays/marls (Table 3).

Three compositional groups of kaolinite were established: 1) platy kaolinite, 2)
booklets of kaolinite, and 3) booklets of kaolinite filling the cavities of pisoids. The
formulas calculated for the first and the second groups show that these kaolinites

present low proportions of Fe, whereas the third group does not contain Fe.
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The calculated smectite compositions of the ochre clays/marls correspond to
dioctahedral smectites, as deduced from the higher content of trivalent cations (Al
and Fe) in the octahedral layer. Furthermore, the tetrahedral charge is higher than
the octahedral charge, so they correspond to a beidellite-type smectite. The illite

composition presents lower K and higher Al and Fe content than the theoretical.

5. Discussion

5.1. The matrix of the clays and clays/marls
The XRD results of the clays and clays/marls of the LBS indicate that, according to the
compositional classification of Allix et al. (2011), the lower red clays correspond to
argillaceous mudstones and argillaceous marlstones, whereas the overlying ochre
and violet clay/marl levels are formed by siliceous marlstones and calcareous
mudstones. The sedimentary evolution in the LBS from continental clayey facies to
palustrine-lacustrine carbonate facies described by Aurell et al. (2018) may account
for the lithological variation found in the studied materials.
The combination of XRD and optical and electron microscopy shows that the red
clays and ochre and violet clays/marls are formed by calcite, quartz and clay minerals,
with minor quantities of orthoclase, hematite, goethite, anatase, rutile, ilmenite and
diaspore. The lower red clays present the highest hematite, anatase, diaspore,
goethite and kaolinite content and do not contain smectite or illite. The intermediate
ochre clays/marls contain smectite and have higher illite content compared to the

red clays. The upper violet clays/marls present the highest illite content compared to
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the red clays and the ochre clays/marls, and they also contain mixed-layers of I/S and
C/S, but they do not contain smectite.

The textural study by means of electron microscopy provides key information for the
interpretation of the origin of these clay minerals in clays and clays/marls: 1) In the
case of the platy kaolinites and kaolinite booklets recorded, electron microscopy
analyses suggest that they are authigenic. The platy kaolinites present
pseudohexagonal morphologies that are incompatible with a detrital origin, since
erosion and transport processes would have modified them. In the same way, the
kaolinite booklets are also thought to have an in-situ origin because they are so
delicate that they cannot resist any transport processes (Bauluz et al. 2014). The
presence of Fe, albeit in low proportions, in the kaolinites (both platy and booklets)
found in the matrix of the clays and clays/marls may be substituting the Al in the
octahedral sheet of kaolinite, as occurs in similar materials (Mendelovici et al. 1979).
The low kaolinite crystallinity is probably due to the presence of Fe in the structure,
as is common in weathering processes (Mestdagh et al. 1980; Cantinolle et al. 1984;
Yuste et al. 2015). Alternatively, given that the electron beam of the microscope has
a larger diameter than the kaolinite particles, the analyses could be contaminated
with nanometric Fe oxides.

2) As far as smectite is concerned, which is only recorded in the ochre clays/marls, its
flake-type morphology and its presence as cement in the matrix of these clays/marls
also suggest an in-situ origin. The chemical composition corresponds to dioctahedral,
beidellite-type smectite. This type of smectite has previously been described in

similar materials as a result of the weathering of dioctahedral micas (Singh and
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Gilkes, 1991). Therefore, both kaolinite and smectite were probably formed as a
consequence of edaphic processes, which involved the dissolution of previous
aluminum silicate phases (feldspars, micas) and the crystallization of new ones
(kaolinite and smectite).
3) Regarding illite, which is abundant in the ochre and violet clays/marls, especially in
the latter, its formation is normally associated with diagenetic environments (Bauluz
et al. 2000). A detrital origin is described for illite in materials similar to those studied
in the present work (Franceschelli et al. 2003). The illite-type phases found in the
ochre and violet clays/marls are probably of detrital origin, given that the genesis
conditions of kaolinite in soils are not compatible with illite genesis. The anhedral
morphologies of these phases would corroborate their detrital origin (Bauluz et al.
2014).
Hematite and goethite are present not only in the matrix of the clays and clays/marls,
but also in the pisoids found in the red clays and ochre clays/marls (see 5.2 below).
This suggests that the oxides and oxyhydroxides found in the matrix have an edaphic
origin. By contrast, the quartz fragments and orthoclase would be of detrital origin.
The low quartz and orthoclase content and their anhedral morphologies suggest that
they are relicts of the original rocks and were probably partially dissolved during
weathering.

5.2. Ferruginous pisoids in red clays and ochre clays/marls
In soils, the formation of in-situ pisoids is related to dissolution and re-precipitation
processes, which are controlled by several factors, such as climatic variations, the

chemistry of the groundwater and the difference in mobility of the chemical
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components of the parent rock during chemical weathering (Valeton, 1972;
Bhattacharyya and Kakimoto, 1982). According to Bardossy (1982), the formation of
these particles requires permanent groundwater saturation. The presence of scour-
and-fill features like those described by Taylor et al. (2008) in some of the studied
pisoids thus shows deformation in a semi-plastic state, indicating water saturation
(Yuste et al. 2015).

The studied pisoids are hematite-goethite pisoids, also including clay minerals
(kaolinite, as deduced by FESEM analysis). Previous investigations classified pisoids
according to their hematite and kaolinite content (Szamatek et al. 1993; Sayed and
Youssed, 1996). The pisoids studied here could thus be classified as hematitic-
kaolinitic pisoids. In fact, the differences in the kaolinite and Fe oxide contents
observed in the cortex of the studied pisoids allow the different concentric layers to
be distinguished.

The presence in the pisoids and macropisoids of hematite, goethite and kaolinite,
with textural features similar to those observed in the matrix, along with their
concentric structure comprising a nucleus and a cortex, indicates that they were
formed in-situ during the development of the soils. The sequences of goethite-
hematite layers observed in macropisoids have previously been described in gossan
development on metallic deposits (Velasco et al. 2013). According to these authors,
the presence of this alternation of goethite and hematite layers reflects a change to
less humid conditions.

The fact that the Fe oxides are cementing kaolinite in the pisoids suggests that these
oxides form at a late stage in comparison with the kaolinite during the edaphic
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processes. On the other hand, the EDS results for the booklets of kaolinite filling the
cavities of pisoids indicate that these booklets do not contain Fe and are larger in size
compared with those found in the matrix of the clays and clays/marls, a fact that may
be due to recrystallization during very early diagenesis.

5.3. The palustrine-lacustrine limestones
According to the classification by Allix et al. (2011), the palustrine-lacustrine
limestones intercalated in red clays with pisoids correspond to calcareous
mudstones. A rise in water level probably led to a palustrine-lacustrine environment
where carbonate muds precipitated, resulting in the formation of the calcareous
mudstones. The reworked calcite fragments cemented by kaolinite in the ochre and
violet clays and clays/marls may come from these calcareous mudstones.
These calcareous mudstones also contain pisoids, most of them broken, and
ferruginous ooids, which may be reworked from the underlying red clays. The
possible decrease in the water level may have enhanced the overprint of edaphic
processes in the palustrine-lacustrine limestone (e.g. limestone with micritic
nodules/intraclasts), favouring the reworking and fracturation of some of the pisoids.
Other authors have described reworking processes as suggesting different episodes
in the development of soils (Micke et al. 1999). These calcareous mudstones are also
cemented by kaolinite, suggesting that they also underwent edaphic processes during
the decrease in the water level.
5.4. Nodular limestones and diagenesis of clays and clays/marls
During the early diagenesis, the matrix of the clays and clays/marls was cemented by
microsparite and sparite. In addition, diagenesis may have also generated the micritic
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nodules and sparitic-microsparitic intraclasts observed in the ochre and violet
clays/marls. Sparitic cement also filled the gaps and replaced some fractured pisoids
found in red clays and ochre clays/marls. Thus, calcite was eliminated from the
quantification results, since much of it results from the diagenesis.
In the AIC2, VE and EST sections, the beds of fibrous-radial calcite nodules also overlie
a lowermost red clay level with pisoids. According to Rossi and Cafiaveras (1992),
many of the calcites included in freshwater cements forming during diagenesis are
fibrous, so the fibrous-radial calcite nodules could have also been formed in the early
diagenesis. Given the presence of pisoids and their location in the lower part of the
LSB, these nodule-bearing beds would correspond to palustrine-lacustrine
limestones. They would have been affected by intense early diagenetic processes
during an initial unstable stage with frequent hiatuses/erosional gaps after the long,
Tithonian—Hauterivian period of subaerial exposure represented by the karstified
surface on top of the Jurassic limestones.
As indicated above, the morphology of the kaolinite and smectite from the matrix of
the clays and clays/marls suggests an in-situ origin. These early diagenetic processes
would therefore not have modified the clay mineralogy of the facies significantly.

5.5. Palaeoweathering events deduced from clay mineral assemblages
The mineralogical association in the studied clays and clays/marls, the red, ochre and
violet colours, along with the presence of ferruginous pisoids in the red clays and
ochre clays/marls, allow them to be classified as palaeosols. According to Schellmann
(1981), lateritic palaeosols are formed by mineral assemblages of goethite, hematite,

aluminum hydroxides, kaolinite and quartz. Several authors (e.g. Foos, 1991; Miicke
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et al. 1999; Giovannini et al. 2017; Faris et al. 2019) have reported these mineral
phases as well as the presence of ferruginous pisoids in lateritic palaeosols. The
mineral assemblages and the high content of ferruginous pisoids in the lower red
clays thus allow them to be classified as lateritic palaeosols.

The combination of XRD and electron microscopy showed that kaolinite is the
dominant clay mineral in these lateritic palaeosols. The presence of this mineral
suggests a warm and humid climate, along with an intense chemical weathering
(Chamley, 1989; Raucsik and Varga, 2008; Bauluz et al. 2014), which are characteristic
conditions of tropical climates (Molina and Salas, 1993; Yuste et al. 2017).

The generation of red lateritic soils alternated (and was coeval) with the deposition
of palustrine-lacustrine limestone with broken pisoids, reflecting a rapid rise (and
probably subsequent falls) in water level, which could be related with variations in
humidity, with local developments of palustrine-lacustrine areas. The afore-
mentioned sequences of goethite-hematite layers in macropisoids might also be
related to these conditions.

In the intermediate and upper ochre and violet clays/marls, the presence of smectite
(beidellite; only present in ochre clays/marls), illite (highest content in violet
clays/marls) and mixed-layers of 1/S and C/S coincides with a decrease in and near-
absence of kaolinite content. This trend can be interpreted in accordance with the
weathering pattern proposed by Sheldon and Tabor (2009). These authors suggest
trends in clay mineralogy that reflect weathering patterns changing from
warm/humid to cold/dry conditions: kaolinite>smectite—>vermiculite>chlorite and

mixed-layer phyllosilicates—> illite and mica. In our studied case, the vertical trend is:
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kaolinite (dominant in red clays) = kaolinite, smectite and illite (intermediate ochre
clays/marls) = illite and mixed-layer I/S and C/S (violet clays/marls), suggesting a less
intense chemical weathering due to a change from warm and humid to colder and
drier conditions. The absence of pisoids in the violet clays/marls would support the
idea of generally drier conditions, which would have prevented permanent
groundwater saturation and therefore pisoid formation.

In the east of the Maestrazgo Basin, the Cantaperdius Formation (Salas, 1987), which
is equivalent in age to the formation studied here (Barremian—Aptian), includes
lacustrine and palustrine limestones and the development of soils and laterites like
those described by Combes (1969). In addition, karst bauxite deposits, probably
originating from lateritic materials laterally equivalent to the Cantaperdius
Formation, have been reported in the nearby Morella subbasin (Molina and Salas,
1993; Yuste et al. 2015). Furthermore, Lower Cretaceous lateritic and bauxitic
deposits have been described in the Cuenca Basin by Fregenal-Martinez et al. (2017).
On the other hand, several authors have also reported the presence of laterites and
bauxites in the Catalan Coastal Ranges and the Pyrenees (Combes, 1969; Orddiez et
al. 1990; Reinhardt et al. 2018; Seranne et al. 2019). According to Salas et al. (2004),
the bauxites of the Catalan Coastal Ranges were probably formed from lower
Barremian lateritic clays of the Cantaperdius Formation, whereas Seranne et al.
(2019) dated the bauxite event of the Pyrenees to between early Albian and latest
Albian. Nevertheless, the age of these deposits within the Barremian—Aptian interval

cannot be precisely established. It is thus not possible to determine whether the
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early Barremian palaeoclimatic evolution (i.e., from humid to dry conditions)
documented here was regional or local in extent.

A change from warm to cooler climatic conditions during the Barremian—Aptian has
been described in Europe (Pucéat et al. 2003; Steuber et al. 2005; Dinis et al. 2020),
but there is no general agreement as regards the trend in humidity during the Early
Cretaceous. A humid climate is described in the northwestern part of Europe during
the early Barremian (Wright et al. 2000). The temperature models show warm and
humid conditions for this period along the northern margin of the Tethys (Bodin et al.
2009; Price et al. 2011), as well as an increase in humidity during the mid-Barremian
(= upper lower—lower upper Barremian) recorded at least at a European scale
(Mutterlose et al. 2014). By contrast, an alternation of wet and dry seasons during
the early Barremian (Haywood et al. 2004) and a trend to more arid and dry
conditions towards the Albian—Cenomanian (Rodriguez-Lépez et al. 2006) have also
been reported.

The seasonal subtropical climate during the Lower Cretaceous in the Iberian Range
described by Buscalioni and Fregenal-Martinez (2010) is supported by the presence
of Barremian bauxitic and lateritic deposits (Molina and Salas, 1993; Bauluz et al.
2014, Yuste et al. 2015; Yuste et al. 2017). In addition, the Cretaceous ocean
circulation models of Pucéat et al. (2005) and Hay (2008) substantiate the prevalence
of wetter conditions in lIberia, which could be related to a warm and humid

equatorial current in the Western Tethys (Dinis et al. 2020).
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6. Conclusions

A combination of facies analysis and XRD and optical and electron microscopy studies
has allowed us to characterize the mineralogical and textural changes found in the
successive clay/carbonate levels found in the lower Blesa Formation (early Barremian,
Oliete subbasin).

The lower part of the studied succession consists of red clay levels with abundant
pisoids, recording the lowest calcite content but the highest content in hematite,
anatase, diaspore, goethite and kaolinite. The intermediate ochre clay/marl levels
contain smectite and illite and have few or no pisoids. The upper violet clay/marl levels
contain illite and do not have pisoids.

The morphologies of the kaolinite crystals (platy and booklets) found in the lower red
clay levels indicate that the kaolinite is authigenic. The smectite frequently recorded in
the intermediate ochre clay/marl levels corresponds to a beidellite-type smectite, and
the flake-type crystals forming the matrix of these levels also indicate an in-situ origin.
The genesis of the illite-type phases is not compatible with the formation of kaolinite, so
they might be of detrital origin.

Episodic rises in water level resulted in the formation of the palustrine-lacustrine
limestone levels which are found interbedded within the clay-dominated succession.
These levels may contain pisoids reworked from the underlying palaeosol levels and are
cemented by kaolinite, indicating that they underwent edaphic processes during the
episodic stages of decreased water level.

The mineralogical composition and structure of pisoids and macropisoids indicate an in-

situ origin during lateritic soil formation. The decrease in the water level also favoured
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the reworking of the materials, involving the fracturing of some of these pisoids, which
may have eventually formed the nucleus of pisoids formed in earlier stages of soil
development.

During the early diagenesis, both the matrix of the clays and clays/marls was cemented
and the cavities of the pisoids were filled by microsparite and sparite cements. This
diagenesis did not affect the morphology of kaolinite and smectite.

The mineralogy of the red clay levels, along with the presence of ferruginous pisoids,
indicates that they are lateritic palaeosols. Kaolinite is the dominant clay mineral in the
lower red clay levels, indicating humid and warm climatic conditions and an intense
chemical weathering. This is consistent with the palaeoclimate conditions described for
the early Barremian in the NE Iberian. The decrease in the kaolinite and the oxide and
oxyhydroxide contents from the bottom to the top of the stratigraphic profiles, along
with the increase in the quartz content and the presence of smectite and illite, indicates
a change to a less intense chemical weathering. These variations reflect a change from
warm and humid to generally colder and drier conditions in the studied area across the

early Barremian.
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Figure captions
Fig. 1 (A) Simplified geological map of the NE Iberian Peninsula (B) Palaeogeographical
reconstruction of the main Early Cretaceous sedimentation areas in NE lberia,
including the studied Oliete subbasin within the Maestrazgo Basin (from Aurell et al.

2018).
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Fig. 2 (A) Palaeogeological map of the Oliete subbasin showing the age of the youngest
marine units preserved below the unconformity between the Jurassic and the
Barremian Blesa Formation (modified from Aurell et al. 2018). The areas where the
lowermost Blesa Formation (i.e. lower Blesa Sequence: LBS) includes frequent clays
with pisoids are indicated in orange. The six outcrops of the lower part of the LSB
logged and sampled in the present work are located near the villages of Alacén, Josa
and Estercuel (see white circles). (B) Palaeogeography of the Oliete subbasin during
the sedimentation of the LBS (modified from Aurell et al. 2018). (C) Field view around
the ALC2 log showing the upper Kimmeridgian (UK) shallow marine carbonates
overlain by the clays and limestones of the LBS. (D) Close view near the ALC2 log
showing the irregular palaeokarstic surface (yellow dashed line) that developed at the
boundary between the UK and the LBS, and overlain by a nodular level (nl) formed by
abundant fibrous-radial calcite nodules. (E) Field view of the lowermost part of the LBS

at the ALC-3 log showing the red clays (rc) overlying the UK.

Fig. 3 (A) Stratigraphic correlation between the four stratigraphic logs from the Alacén
area (their geographical coordinates are ALC1: N4192°42.0” W09242’47.6"; ALC2:
N4122°29.1” WO0242°42.4”; ALC3: N4192’3.3” W0242°10.9”; and VE: N41202'46.5”
W0242°07”). The proposed correlation is based on the observation of lateral continuity
at outcrop scale in continuous outcrops. (B, C) Field views around the VE and ALC1
logs, respectively, showing the upper Kimmeridgian (UK) shallow marine limestones,
overlain successively by red clays (rc), ochre clays/marls (oc) and violet clays/marls
(vc). (D) Detail of ferruginous pisoids and macropisoids (up to several mm in diameter)

found in the red clays.

40



Fig. 4 (A) Field view of the Josa (JO) outcrop (at N40255'20.64” W0244’33.18”) showing
the Bajocian-Bathonian (BA) shallow marine limestones, overlain by the red LBS
succession. The stratigraphic log shows the red and ochre clays/marls found in this
area. (B) Field view of the Estercuel (EST) outcrop (at N40250°22.58” W(0239’36.53")
showing the lowermost red clays over the upper Bajocian-Bathonian limestones (BA).
The stratigraphic log shows the red clays, and ochre and violet clay/marls dominant in

this section.

Fig. 5: Transmitted and reflected light optical microscopy images of the samples. (A)
Clays and clays/marls including occasional quartz grains and Fe oxides. (B) Micritic
carbonate nodules in violet clays/marls. (C) Sparitic carbonate cementing the matrix
and replacing the external concentric layers of pisoids in the red clays (see arrows). (D)
Simple and fragmented pisoids in the red clays. (E) Scour-and-fill texture in the cortex
of a simple pisoid. (F) Ferruginous pisoids and ooids in the red clays (see arrow). (G)
Pisoid partly replaced by carbonate in the ochre marls/clays. (H) Micritic intraclasts
and disarticulated bivalve shell in a palustrine-lacustrine limestone sample. Qtz=quartz,

Cb=carbonate.

Fig. 6: Reflected light optical microscopy images of different parts of a macropisoid
showing: (A) a pisoid in the nucleus of the macropisoid. (B, C, D and E), goethite and
hematite with botryoidal textures and/or forming a sequence of alternate layers. (D)
the external cortex formed by concentric layers. Hem=hematite, Ght=goethite,

Cb=carbonate.
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Fig. 7: XRD patterns obtained from clay and clay/marl samples in the ALC1 log (samples
1-9) and EST log (samples 1-7). Clays=clay minerals, Qtz=quartz, Cal=calcite,
Ght=goethite, Dsp=diaspore, Ant=anatase, Or=orthoclase, Rt=rutile, IlIm=ilmenite,

Hem=hematite.

Fig. 8: Variations in mineral content of clays and clays/marls in the ALC1, VE, JO and
EST logs. The Jurassic marine carbonate rocks are represented either by the latest
Kimmeridgian Higueruelas Formation (Hig. Fm) or by the Bajocian-Bathonian Chelva

Formation.

Fig. 9: Relative proportions of mineral phases in macropisoids from the first and

second red clay levels of the ALC1 and VE logs.

Fig. 10: FESEM images of samples of red clays, ochre clays/marls and violet clays/marls.
(A) Matrix of the red clays. (B) Pseudohexagonal kaolinite crystals in red clays. (C) and
(D) Kaolinite booklets in red clays. (E) Smectite with flake morphologies in ochre
clays/marls. (F) lllite-type morphologies in violet clays/marls. Kin=kaolinite, FeOx=Fe

oxides, Qtz=quartz, Sm=smectite and llt=illite.

Fig. 11: FESEM images of ferruginous pisoids showing: (A) Nucleus and cortex contact
with acicular (in the nucleus) and anhedral (in the cortex) oxide crystals. (B) Platy
kaolinites in the nucleus of pisoids together with abundant Fe oxides. (C) Kaolinite
booklets in the nucleus of pisoids. (D) Kaolinite booklets filling cavities observed within

some pisoids.
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Fig. 12: FESEM images of carbonates in the study samples. (A) Calcite intraclast in the
matrix of the ochre clays/marls. (B) Reworked calcite fragment with evidence of
dissolution and cemented by kaolinite in the ochre clays/marls. (C) Palustrine-
lacustrine limestone where kaolinite is cementing calcite. (D) Sparitic calcite replacing
the matrix of clays and clays/marls and the concentric layers of the cortex of pisoids.

Sm=smectite, Cal=calcite, KIn=kaolinite.

Table 1: Summary of sample analyses at the laboratory (n=number of

samples/analyses).

Table 2: Kaolinite crystallinity values of the samples of clays and clays/marls from the
different outcrops measured in air-dried (AD) and ethylene-glycol-treated (EG)
samples. Am=argillaceous mudstone; Amr=argillaceous marlstone; Smr=siliceous

marlstone; Cm=Calcareous marlstone.

Table 3: EDS analysis (Wt%) of phyllosilicates detected in clay and clay/marl samples

(standard deviation in brackets).
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Field samples

X-ray diffraction
(Mineralogical composition)

Optical and electron microscopy
(Texture & mineral identification)

<2 um fraction of

Optical Electron microscopy-
n=47 whole rock clays & .
( ) (n=47) clays>/marls microscopy FESEM/EDS
(n=33) (n=21) (n=17)
Red clays- 24 24 24 9 7
Ocher
clays/marls-7 7 7 2 2
Violet
clays/marls- 2 2 2 1 1
Ferruginous
pisoids- 6 6 ) > 3
Limestones- 8 8 - 4 4
-Textures

- Relative proportions of the
mineral phases
- Kaolinite crystallinity

-ldentification
of opaque and
transparent
minerals

-Micro- and nanotextures
-Chemical composition of the
phases

Derived data
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Alacén Josa and Estercuel

KC KC

Sample Sample Sample  Sample

'%8 umber description 2“®  Ap(001) EG(001) "B number description °9®°  AD(001) EG(001)
Am red clays 0.5 0.5 1 Am red clays 0.5 0.4
Amr red clays 0.7 0.4 2 Am red clays 0.4 0.4
4 Am red clays 0.5 0.6 Jo 4 Amr ocher 0.4 0.4
clays/marls
ocher
ALC1 6 Smr red clays 0.6 0.4 5 Amr clays/marls 0.3 0.4
7 Smr red clays 0.5 0.4 1 Am red clays 0.3 0.3
h
8 Smr ocher 03 05 2 Amr redclays 0.4 0.5
clays/marls
9 Smr ocher 0.4 03 3 Amr redclays 0.4 0.4
clays/marls
2M Am red clays 0.6 0.5 EST 4 Am red clays 0.4 0.6
ocher
ALC2 2V Am red clays 0.5 0.6 5 Am clays/marls 0.5 0.6
h
3 Am redclays 0.6 0.6 6 Amr ocher 0.2 0.6
clays/marls
iol
1 Amr redclays 0.5 0.5 7 Am violet 03 0.3
ALC3 clays/marls
2M Am red clays 0.6 0.6
2V Am red clays 0.6 0.6
1-B Am red clays 0.6 0.6
1 Am red clays 0.6 0.7
1-T Am red clays 0.5 0.6
4 Am red clays 0.4 0.4
VE 6 Smr red clays 0.5 0.5
7 Amr red clays 0.5 0.5
8 Amr red clays 0.5 0.4
9 Cm ocher 0.6 0.5
clays/marls
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(0] Na Mg Al Si K Ca Ti Fe Calculated composition
Platy 49.80 0.05 0.08 21.81 25.30 0.28 0.38 2.30
kaolinite - Feg.1Al; §5i,05(0H),
(n=37) (3.16) (0.15) (0.16) (1.40) (1.28) (0.29) (0.77) (1.56)
Kaolinite 56.68 19.81 21.82 0.03 0.17 1.48
Booklets in 0 - - 00 (3 0 30 Feo3Al175i,05(0H),
matrix (n=6) (5.04) (3.00) (3.23) (0.05) (0.30) (1.41)
Kaolinite 52.77 22.04 25.08 0.12
Booklets in
isoids - - - - - Al Si; ;05(0OH
pisol (2.47) (1.41) (1.54) (0.20) 1512.105(OH)s
cavities
(n=3)
Iitic ph 42.50 1.21 14.12 2650 3.72 546 094 555
|t|c;1 ases - (Ko.5,H30)(Al1 ,Mgg sFeq 4)(Siz 4Al 6)O10(OH),, (H,0))
(n=4) (7.60) (0.26) (2.44) (5.09) (1.39) (5.00) (1.53) (2.23)
i 46.31 0.07 0.87 1442 2423 193 458 115 6.44
Smfctlte (Cap.1Ko.2)(Aly sFeq 4Tio.1Mgo.1)(Siz.1ALg 9)O10(OH),nH,0
(n=17)  (12.52) (0.29) (0.58) (3.90) (6.55) (1.36) (4.14) (2.83) (6.12)
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