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R ESUMEN 

En el presente trabajo se lleva a cabo un eswdio pe,ro/ógico y geoqllímico de las radio/aritas j urásicas 
exiSfentes en la Zona Subbética de las Cordilleras Béricas. El objetivo es establecer las diferencias entre Jas 

diferentes columnas estudiadas (AB, AG. SP. JH, SE y ZG) con vistas a su uli!i: ació" como criterio diferenciador 
para estudiar/as!uenles de suministro de los artefactos liticos encontrados en es/a :0110. Los niveles de radio/aritos 
están compuestos principalmente de cuar:o (50%-80%) y ctlmidades variables de otros componellles: ca/cita 
«30%), minerales de /a arcilla (esmectita, illita y, ocasionalmente, kaolinita) (/0%·35%) y hematites «5%). El 
análisis de los elementos mayores, menores, 1I'(cas y tierras raras es el mejor método para separar los diferentes 
niveles de radio/aritas estudiados. De acuerdo con esto. la si!ice biogénica y total nos permite eslablecer dos 
grandes grupos: (1) las columnas A 8 Y A G Y (2) las columnas ZG, SP y JH, mientras que /a columna SE l/O queda 
bien definida. En el primer grupo «64% de sílice biogénica), las columnas AB y AG se diferencian entre sí al 
comparar el porcentaje de sílice biogénica con el porcentaje de CaO. Asi, Jas muestras pertenecientes a A G se 
adaptan a la recta de regresión obtenida mientras que las correspondientes AB quedan alejadas de dicha recta de 
regresión. Además, las muestras de la columna AB se caracteri:an por 1I1/0S valores concretos de los índices CE/CE· 
y LII/La~. En Cl/allfO al segundo grupo « 61 % de sílice biogénica). las ml/estras correspondientes a SP y JH 
quedan claramellle definidas al obtener la recta de regresión co,.respondieme al par de variables AI.,O) y K

2
0. 

PALABRAS CLAVE : RADIOLARITA. GEOQU/M/CA . JURAS/CO. CORD!l.I.ERAS HETlCAS. DETERMINAClON /JE "·UENTES. 

ABSTRACT 

In the Set ie Cordillera (Subbetic Zone) radiolarian bearing sequenees of the Middle to Lale Jurass ic age ha ve 
been studied from a pctro logica l and geochemiea l poinl of view. The objeclive of Ihis paper is 10 establish the 
different ial ing characteristics among Ihe six chosen sections (AB, AG, SP, JH, SE and ZG) 10 use Ihem as cri teria 
for dete rminat ion sources of Ihe archaeological artefacls fou nd in Ihis area . The radiolarile beds are la rge ly 
composed of quartz (50%-80%), with lesser amounts of ea leile «30%), clay minera ls (smeelite, iHile and ocasiona lly 
kaolin ite) (10% lO 35%) and hematites «5%). Analysis of major, minar, trace and rare earth elemcnts is the best 
method lo separate radiolarites among Ihe studied seetions. Aecordi ng lo Ihis, biogenic and total silica Jet us defi ne 
two groups of sect ions: (a) AS and AG, and (b) ZG, SP and JH , and the SE see tion is not clearly de fi ned. In Ihe firsl 
group. AG and AS sections differentiate Ihemselves when Ihe perecnlage of biogenic silica (g reater than 64%) is 
compared 10 {he pe rcentage of CaO. The AG samples adapt themselves 10 a typica l regression line. and the AS 
samples are disla nt from (he regression li ne . Furthermore Ihe samples of the AB section clearly eharacteri ze 
Ihemselves by Ce/Ce'" and Lu/ La" indexes. In relal ion to Ihe second group «61% ofbiogenic silica). the samples 
from Ihe SP and JH seet ions are defi ned by a typical regress ion line when Ibe percentage of biogenic si lica is 
compared to the pereentage of A I ~OJ or K20. 
KEl/'''OR I>S: RAI)IOLARITE. GEOCHEMISTRY . JURASSIC. BETIC CORDILLERA, SOURCE DETERMINATION. 

l NT ROO UCTlO N 

In the Betic Cordillera (Subbetic zone) radiolarian bearing sequences of the Middle and 
Late Jurassic age have been refered to as radiolarites in regional teetonie and stratigraphie 
papers, although, in a st riet sense, the radiolarite presenee (roeks where the amount of sili ea 
being more than 90%) is searee. The majority ofthe cases are ealeareous or argi llaeeous roeks, 
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that have between 20% and 80% of radiolarians. After a general sedimentologieal, petrol ogieal 
and geoehemieal study, ineorporating seven sections of the Radiolarile Sequence in the 
Middle Subbetie, Ruiz Ortiz el ali; ( 1989) define fo ur different types of pelagic rocks: 
radiolarite, silieeous mudstone, si lieeous marl and limestones eontaining radi olarians. They 
eonsider radiolarites those rocks whieh possess more than 50% of biogenie siliea. 

The objeetive of thi s paper is to analyse the ehemieal eomposition of the radiolarites 
presenl in eaeh seeti on studied by the aboye menti oned authors (fig. 1). In thi s study, we will 
Iry to establi sh the differentiating eharaeteri sties belwee n eaeh section. These eharacteristies 
wi ll be re laled to the mineralog ieal eomposition of the roeks and to their geo logieal settings. 
With all of thi s data, the base will be form ed for establi shing sourees of Ihe arqueologi eal 
artefacts found in this afea. Similar works, fram a geochemical point of view, have been 
published before by other authors (S ieveking el al;; 1970, Aspinall and Feather 1972, Bruin el 

ali; 1972, Craddoek el al;; 1983, among others) . 
The amounts of major elements have been ehosen from the published data (Ruiz Ortiz el 

ali; 1989) and they were analysed by X-Ray Fluorescenee Spectroseopy. The trace and rare 
earth elemen!s ha ve been obtained by l. C. P. 

GEOLOGICA L SETTl NG 

The Bet ie Cordilleras are traditi onall y divided into an Externa l zoue in the uorth and an 
intemal zone in the south. The External zone is subdivided into a Prebetie and Subbetic 
distrie!. The subbetie prese nts roeks with ages rang ing from Trias to Miocene, principally 
sedimentary , although same vo lcani c rocks are al so present. 

The typieal Jurass ic stratigraphie sequen ce of the middle Subbetic begins with shallow 
water shelf Iimestone and dolostone of the earl y Liassie age, which are overlaid sucessively by 
(l) Iimestone-marl s rhytmites and marly "ammonitieo rosso" of the late Liassie age; (2) a 
radiolarite sequence, which may loeally be underla in by submarine voleanie roeks: aud (3) 
carbonate turbidites of the late Jurassic age. 

Tlle "radiolarites" are generally Bajoeian and Kimmerdgian, and generally there are two 
episodes ofradiolarian rieh sedimentation , separated by a phase ofpe lagie carbonate deposition. 
The radiolarite sequen ce thiekness ranges from 25 to 230 m, with au average of 90 m. Withiu 
this sequence very different Iithologies are located, the presenee of marls and limestones with 
radiolarians is corumon. 

The radi olarite beds studied are situated in different geo logieal environments aud seeti ons 
(fig. 1). In seetion ZG and SE the radiolarite sequenee overlies the "ammonitieo rosso" facie s, 
bu! in JH and loeally in AG , this radiolarite seq uenee direetly overlies submarine vo leanie 
roeks. 

MINERALOGY AN D PETROLOGY 

By X-Ray diffraetion it was detemlined that the radiolarite beds are largely eomposed of 
quartz (between 50 and 80%) with lesser amounts of ealeite (Iess than 30%), e1ay minerals 
(smectite, illite and oeasionally kaolinite) (between 10% and 35%) and hematite (les s than 5%). 
The mineralogieal data has been obtained by combining the semiquantitati ve amounts gathered 
through XRD analysis with the nomlat ive amounts eousidering the general ehem iea l eomposi tion. 

• 



-

- -

• 

GEOCHEMISTRV OF RAD10LAR1TES FROM THE SElle CORDI LLERA .. . 

lJt> 
..LI-::'-lliWillWJJL~J!.J.!~· I ~s ~. 

10 20 30 Km W 

363 

8 

Figure I.- Geological map including the position oflhe studied sections. 1. Neogene and QlIalernary, 2. Olistotromes 
of the Guada lquivir basin , 3. Prebetic Zone. 4. Intermediate Units between the Prebeti c and the Subbcli c Zone, 
5. External Subbctic Zone. 6. Middle Subbctic Zone, 7. Intemal Subbetic Zone, 8. Triass ic rocks. 9. Intemal Zones 
and 10. Paleogene andlor Campo de Gibraltar Units. (Modified fram Ruiz Ortiz et aJj¡, 1989). 

Using exelusively XRD analysis to obtain the 
mineral quantity that is found in proportions 
of less than 10% is not exaet enough. 

Projeeting amounts of the main 
mineralogieal eomponents (quarlz, ealeite 
and e1ay minerals) on a triangular diagram 
(fig. 2), one can observe that it is diffieult to 
establi sh differentiating mineralog ieal 
eharaeteri sties in eaeh seetion, although 
general tendeneies do exist. Ofthe three main 
eomponents, ealeite is the one whieh has a 
certain discriminative value. Using the calcite 
quantity as the eriterion, the radiolarites of 
the SE seetion can be defined, although some 
of them will mix with the radiolarites of the 
JH seetion. 

Quartz 

50 

Cloy minerals 50 

o SE 

• sp 
e AB 

• JH 

• AG 

50 

Colcite 

Figure 2.---Quartz-Clay Mineral s-Calcite temary diagram 
of lhe radiolarite beds in the different sections. 

By thin seetion, the radiolarites present different levels of eonservation. Sometimes, the 
radiolarians are well preserved and the roek shows paekstone-waekestone texture. The radiolarian 
tests are filled with mieroerystalline quartz and length-fast ehalcedony. Sometimes diagenetie 
proeesses produce a redistribution of carbonate, si liea and Fe-oxides and il is possible 10 see 
ealcitized or oxidized radiolarians. On the other hand the silíea released from the radiolarians 
is aeeumulated in determined plaees and very rieh silíea (quartz) zones are formed in the 
actual radiolarite beds. 

In other cases the radiolarians show deformation and present ovoidal and flattened forms 
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due to eompaetion. In some cases the radiolarians are praetieally unobservable and then crypto 
and mieroerystalline quartz, mierite, elay minerals and Fe-ox ides may come together to foml 
a mieroerystalline or eriptoerystalline roek. 

CEOCH EM I STRY 

Major elements 

The composition ofthe roeks defined as radiolarites by Rui z Ortiz el alii ( 1989) are shown 
in table 1. Aeeording to these values it can be seen that the radiolarites rieher in siliea are 
found in AG and AB seeti ons. Sinee the SiO, is the predominant eonstituent ofthe radiolarites, 
the authors norma lly eharaeterize the radiolarites through variations in the nonsiliea eomponents 
(AI,O" CaO, KO, etc.) by rati os oftheir eoneentrati ons rather than by lheir absolute eoneentration. 

The main elemental relationships considered by the authors (Steinberg and Marin 1978, 
Barret 198 1, Baltuek 1982, He in el alii 1983, among others) for their interpretati ve value from 
!he petro logiea l and sedimentologica l point of view , a re the following: A I/(A I+ Fe+Mn), 
Si/(Si+AI+ Fe), Si/(Si+AI-Fe-Ca), FelTi and Fe/Al. In the radiolarites studied, these elemental 
relationships are not use fuI in diseriminating given sections because it is frequent to find 
values that are superimposed in eaeh section (fig. 3). Due to this aspect, the present study has 
been attempted lO find new eompari son parameters. 

Table l.- Majar elernent composilion in studied samples. 

SEo] SE-3 SE-4 SE-6 SE-9 SE- 14 

SiO, 74.00 77.00 70.02 64.50 67. 13 76.62 

A11° .l 2.76 3.08 5.2 t 2.70 2.45 5.2 1 
MnO 0. 15 0.19 0. 14 0.25 0.32 0. 15 
MgO 1.40 1.00 1.11 1.1 0 1.67 2.0 1 
C.O 8.80 6.89 9. 14 13.47 t 2.50 6.44 
No,o 0.3 1 O. t7 0.25 0.26 0.43 0.33 
K,O 0.24 0.30 0.75 0.33 0.3 1 0.37 
TiO, 0. 11 0. 10 0. 16 0. 11 O. t I 0.27 
pps 0.02 0.0 1 0.04 0.05 0.03 0. 11 

Fe~0.l 3.02 3.03 2.92 3.09 4.27 4.39 
L.O.!. 9. 13 7.7 1 10.18 13.95 10.84 7.7 1 
8.5.6 67 69 57 57 6 1 64 

SE-15 SE-] I SE-22 SE-3 7 SE-56 SE-68A SE-688 

Si01 
69.5 8 70.80 64 .60 71.79 72.66 69.97 70.80 

AI2O] 3.07 7.4 1 4.60 7.84 3.98 4.9 1 7. 13 
MnO 0.20 0.09 0.2 1 0.06 0.20 0.22 0.20 
MgO 1.11 0.77 0.89 1.1 5 1.22 0.65 0.93 
CoO 11.65 6.92 13 .01 5.87 7.93 10.87 7.06 
Na,O 0.30 0.20 0. 11 0.15 0.25 0. 13 0.18 

K,o 0.37 0.99 0.32 1.1 t 0.40 0.52 0.12 
Ti02 

0. 14 0.22 0.10 0.28 0.17 0.12 0.25 

P~O! 0.05 0.05 0.04 0.04 0.06 0.04 0.09 
Fe10 l 2.72 2.76 3.37 2.93 4.12 1.9 1 1.94 
L.O.!. 10.17 9.60 12 .32 8.38 8.92 10.48 9.49 
B.S. 62 62 53 52 63 57 53 

-
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Table 1.-{ConL) 

AG-] AG-8 AG-/1 SP-2 SP-J SP-4 SP-5 

SiO, 80.78 85 .76 84.10 77.64 75 .48 76.22 74.10 

AI,O, 6.77 4.14 5.87 7.46 6.40 5.70 7.37 
MnO 0.01 0.26 0. 17 0. 10 0.15 0.24 0.37 
MgO 0.56 0.40 0.43 1.10 1.00 0.98 1.07 
CaO 0.53 0.77 0.68 1.54 4.1 2 2.93 4.3 1 

Na,O 0.18 0. 12 0.30 0.17 0. 19 0.25 0.29 

K,O 0.63 0.54 0.65 1.49 1.11 0.92 1.40 
TiO, 0. 17 0.23 0. 18 0.42 0.3 1 0.26 0.40 

P20 ; 0.04 0. 14 0.08 0.09 0.08 0.16 0.18 
F C10 1 

5.6 1 2.67 2.96 3.43 3.53 5.13 4.33 
L.O. 1. 4.49 4.78 4.05 6.64 7.65 6.79 8.94 
8 .5. 6~ 75 69 58 59 6 1 55 

ZG-J JH-]A JI-/-]B JH-6 JH-9 JH- /2 

SiO: 75 .33 61.32 77.46 76.3 1 69.25 64.14 
AI,o, 6.28 4.77 7.85 8.02 5.65 5.62 
MnO 0.24 0.20 0.01 0.02 0.07 0.24 
MgO 0.88 0.40 1.1 9 1.1 6 1.32 1.1 0 
CaO 3.26 15.46 1.04 1.99 6.83 10.55 
Na,O 0. 19 0.15 0.43 0.4 1 0.30 0. 14 
K,O 1.30 0.65 1.45 1.58 0.77 0.48 
TiO! 1.33 0.15 0.27 0.23 0.27 0. 15 

rp s 0.19 0. 13 0.14 0.17 0.09 0.06 

FCPl 4.23 1.56 3. 14 2.98 4.37 4.6 1 
L.O.1. 7.70 14.8 1 6.86 6.68 10.92 12.46 
8 .5. 59 49 58 56 54 50 

AB-3 AB-5 AB-6 AB-7 

SiO, 79.02 79.67 83. 10 85.60 
AI,o, 5.30 5.03 4.45 4.60 
MnO 0.06 0.03 0.07 0. 11 
MgO 0.51 1.03 0.86 0.40 
C.O 3.49 0.88 0.50 0.86 
Na,O 0. 14 0.18 0.22 0.09 
K,O 0.84 0.5 1 0.46 0.70 
TiO~ 0.30 0.28 0.30 0.26 

P~05 0.08 0. 11 0. 10 0.03 
Fe10 j 

2.80 4. 19 4.04 1.98 
L.0.1. 6.92 7.83 5.63 4.90 
8.5. 65 67 72 74 

L.O.1. = 1055 of ignit ion al 900°C, 
8. 5. = biogenic sili ca. 

Most of the siliea comes from the tests of radiolarians, although si liea from e lays and 
terrigenous quartz may also be presen!. Considering that the pereentage of terrigenous quartz 
is very small and the mineralogy ofthe elays is basieally smeetite and illite, a tirst approximation 
to the valoration of biogenie si liea can be obtained through the following formula : 

Sib,. = Si, .. - 2.56 x ALO, 
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Al / Al + Fe + Mn 
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Figure 3.- Camparison of differenl index va lues al' the 
radio larites in the va rious seclions. 

M A. HUSTIL! O and M. BUSTILLQ 

In this formula it has been eonsidered 
that the proportion of smeetite and illite in 
the radiolarite is !he sa me . This data agrees 
to a large exten! with the SiO .lAI.O , 
relationships obtained in pelagie elays (2.5 
for Weaver and Pollard 1973 and 2.26 for 
Brewster 1983). 

Biogenic s ilica is more interesting than 
total siliea s inee biogenie s iliea is a 
parameter of easier eorrelation than the total 
si liea of the sample. Total s iliea has the 
problem tha! it is a parameter that jointly 
expresses many aspeets sueh as radiolarian 
rates , c1ay proportion, presence ofsiliciclastic 
eomponents and their mineralogy, etc. 

Applying the fonnula to the roeks delined 
as radiolarites in this study, it has been found 
that the biogenie si liea proportion varies 
aecording to the studied seetion in the 
following way: SE between 52% and 69% . 
AG between 64% y 75%, ZG 59%, SP between 
55% y 61%, JH between 50% y 58% and AB 
between 65% and 74% of biogenie si liea. 
Aecording to this data, radio larites with a 
biogenie eontribution greater than 64% are 
o nl y found in AB and AG series while 
radiolarites with biogenie siliea lesser than 
61% appear in ZG, SP, and JH series. 

The existenee of good eorre lation 
eoeffieients among oxides of samples from 
the same seetion mainly indica tes that the 
minerals are the same in lhe different samples 
of the given section and their proportion is 
the only thing that ehanges. When this faet 
is produeed, the regress ion line is another 
"parameter" that serves to detennine a section. 
So, the seetion is eharaeterized by a regression 
line and those points that are represented 

near sueh a line ha ve more probability of belonging to this seetion than the distant points. 
In the seetion studied here, only the SP and JH seetions present good eorrelat ion eoeffieients 

between biogenie siliea and AIO or K O (lig. 4). In the SP seetion, the regression line for 
these e lements presents a negative slope. This faet, from a sedimentologieal point of view, 
indieates that the radiolarian and terrigenous eontributions wh ieh form the roek are in an 
inverse proportion . These terrigenous eontributions may come from the eontinen!. In the JH 
seetion, the slope of the regression line is positive . It means that radiolarians inerease while 
AI,O, and KO also inerease . In this case, the Al.O and KO eontents can be due ro the presenee 
of elays fornled by a weathering of the basalts. 

--
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In general, the regression line should 
only serve as a criterioll in excluding samples, 
that is to say that if a sample do es not fall 
near the regression line it can be assured 
that it does not belong to the section that 
represents this line. 

CaO contellts represent the ca lcite 
quantity si nce the amount of CaO in the 
clays is usually very low. CaO contents can 
not be used to discriminate the different 
sections sinee each of them presents a great 
variability in these contents. For example, 
the AG section is eharaeterized by the lower 
eontents of CaO «0.77) but so me samples 
of AB al so present thi s range of values. 
Although the number of samples is low, a 
discrim inate factor can be found plotting the 
percentage of CaO versus the pereentage of 
biogenic sil ica. In the AG section a high 
correlation coefficient exists (-0.98). 
However, the samples ofthe AB section can 
not be included in the regression line defined 
by the previous data from AG. The problem 
of this type of diserimination is that the 
number of samples is now very low. So, a 
broader st ud y is needed to define some 
definitive eonc\usions in this respee!. 

Fina lly, a statistiea l analysis (principal 
eomponents analysis) ineluding all the 

SP Section 
K20 or 1<1203 ,. 

• 
• 
• 

• ,. " " " " 6. " SI02(b) 

- Tren<! SI02IbJ-K20 ---+--- Trend S1021bl-A1203 

K20 or -'1203 ,. 
6 

6 

JH Section 

.. 

.~=======::::::==== 
~ 42 « ~e 48 50 52 54 58 58 00 ~ M 

Si02(b) 

Figure 4.-Plot of biogenic si lica versus K¡Q and AI ~Ol 

in SP alld JH sect ions. 

samples studied in th is papel" does not reveal sign ifieant results sinee the sili ca content is the 
variable with the greatest influenee in the definition ofthe first principal componen!. Moreover, 
earrying out this analysis using the samples as variables, a s imilar influenee of the different 
samp les can be outli ned to define the first principal componen!. So, it is not possible to 
dicriminate groups of samples frOI11 this PCA study. 

Trace and rare earth elements 

The obtained va lues in the trace element study do not offer positive results to discriminate 
groups of samples related to sections, due to the faet that all the elements genera ll y present 
very similar eontents. in the different series (table 2). Sometimes, sorne elements present 
variable val ues bU! in this case there is not a relationship between the variabi lity ofthe e lement 
and the sa mples of a sect ion . 

In re lation to rare earth elements (REE), cerium afien behaves differently from the other 
REEs, due to its oxidation in some aqueous environments to relatively inso luble Ce(IV). The 
Ce anornaly assesses re lative behavior of Ce \Vith respect to the neighboring light REEs 
(LREEs) and is defined by the rat io Ce/Ceo ~ (Ce._/Ce .• Y Ce*, with Ce' being obtained by 
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Table 2.- Trace and Rare Earth e lemcnl composition in selected samples. 

ZG-3 SE-3 SE-21 SE-56 SP-3 JH-9 JH-12 AG-ll AG-8 AB-6 

Ba 172 146 129 93 143 267 182 301 128 214 
Be 1 <0.5 <0.5 <0.5 1 1 1 <0.5 
Co 12 8 10 14 7 6 6 <5 <5 5 
Cr 47 20 41 30 41 39 4 1 36 35 37 
Cu 96 30 130 41 48 105 107 6 1 59 50 
Ga 6 <5 5 <5 6 6 6 <5 <5 <5 
Nb 6 <5 5 <5 6 6 5 <5 <5 6 
Ni 36 100 60 39 31 47 6 15 20 42 
Rb 65 9 35 13 43 40 35 28 24 3 1 
Se 11 5 8 7 10 10 8 7 7 8 
Sr 58 51 77 67 62 75 75 41 38 63 
Th 6 <5 6 5 5 6 <5 <5 <5 <5 
V 46 25 51 33 47 50 62 38 39 50 
Y 21 10 15 16 12 24 12 24 28 19 
Zn 58 185 108 98 39 60 82 24 108 57 
Zr 47 17 40 25 44 43 41 39 37 38 
La 21 7 15 13 16 24 15 2 1 27 32 
Nd 18 8 13 11 17 21 14 20 29 33 
Eu 0.5 0.5 0.5 1 0.5 1 1.5 1.5 
Dy 3 1.5 2.5 2.5 2.5 3.5 2 3.5 5 4 
Yb 1. 5 0.5 1 1.5 1.5 1.5 1.5 
Ce 47 19 34 27 41 45 32 29 45 24 
Sm 4 2 3 3 3.5 4.5 3 4.5 6.5 6.5 
Gd 3.5 1.5 2.5 2.5 3.5 4 2.5 4 6 5 
Er 2 1 1. 5 1.5 1.5 2 2 2.5 2 
Lu 0. 3 0.2 0.2 0.3 0.2 0.2 0.2 0.2 0.3 0.3 

linear interpolation between shale-nonnalized La and Pr or Nd values (M urray el alii 1991). 
Samples with Ce/Ce*< 1 are eonsidered to ha ve a negative Ce anomaly . The eharaeter and 
evolution of this anomaly ha ve been used by many authors to establish eonsiderations about 
the sedimentologieal eharaeterization of the deposition environment (Goldstein and Jaeobsen 
1988, Eldellield 1988, De Baar el alii 1988, Toyoda el alii 1990 , among others). The Eu 
anomaly (Eu/Eu*) is ealeulated in an analogous way. 

Finally, variations in behavior aeross the REE series can be indieated by the degree of 
heavy REEs (HREEs) enriehment with respeet to LREEs, he re delined as the ratio 

These three indexes (Ce/Ce*, Eu/Eu* and Lu/ La.l let us know more or less the exact 
behavior of the rare earth elemen!s. lnasmuch as looking for eriteria to discrim ina!e samples, 
these indexes can be interesting. So, Ce/Ceo index separates three group of samples with 
different values: the AS sam ples with Ce/Ceo va lues near 0.36, the AG samples with values 
ranging from 0.68 lo 0.78 and the resl oflhe samples with values ranging from 0.94 lo 1.29. In 
relalion lo Ihe Eu/Eu* index, Ihe results of Ihis index are nol satisfaclory since all the samples 
are near 0.98 and 1.08. Finally, Ihe Lu/ La. ralio lels us separa le sorne samples. From all Ihese 
aspecls il can de deduced that the combinalion of the Ce/Ceo index and the Lu/ La. ratio can be 
a useful melhod lO diseriminate the differenl Iypes of samples (lig . 5) . 

-
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CO'\CLL'DING REMARKS 

1) The studied radiolarites do not present 
any homogeneous petrological or geochemical 
characteristics along the different seclions 
(AB, AG, etc.). Due to this, the exclusive 
utilizati on of absolute petrological and 
geochemical data can not characterize each 
section. 

2) Chemical composition is preferable 
to mineralogical composition as a general 
characterization criterion. The radiolarites 
possess a small proportion of non-silica 
mineral s, and that is \V hy their quantification 
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Figure 5.- Plol of the Ce/Ce· index versus Lu/ Lan 
index in some radiolarites from different samples. 

is difficult. Due to that the study of the chemical composition offers more differentiating 
criteria than the study of mineralogical composilion. However, both methods must be jointly 
used in order to aehieve a correet interpretation. 

3) The analysis of major, minor, trace and rare earth elements is the best method to 
separate radiolarites among the studied sections. According to this, biogenic and total siJica let 
us define t\Vo groups of sections: (a) AB and AG, and (b) ZG, SP and JH, while Ihe SE seclion 
is not clearly defined. In the first group, AG and AB sections differentiate themselves when 
the percentage of biogenic si Jica (greater than 64%) is compared 10 the percentage of CaO. 
The AG samples adapt themsel ves 10 a typical regression Jine, and the AB samples are distant 
from ¡he regression line. Furthermore the samples of the AB seclion cJearly characterize 
themselves by Ce/Ce' and Lu/ La, indexes. In relation to the second group «6 1 % of biogenic 
silica), the samples from the SP and JH sections are defined by a typical regression line when 
the percentage ofbiogenic silica is compared lO the percentage of AI.O, or K,O. The SE seclion 
remains undefined. 
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