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PRESENTATION 
This field (rip, organized on the occasion 01' ¡he Vllntcr­

national Flint Symposium held in Spain, has as its alm lo show 

a great diversilY af sedimentary siliceous rocks in ¡his counlry. 

Thcrc is diversity 110t ooly in ¡he composition but also in ¡he 

environment wherc they were formed and their genesis . The 

¡ti nerary is ¡hus long and is 001 dcvc10pcd withí n a si ngle geological 

contcxt. 

The ¡\Vo parts into which this guide is Jivided correspond 

10 ¡he t\Vo large scenes (marine ami continental) where ¡he si­

I iceous rocks appcarcd. Sil iceous rocks from a marine environmcnt 

are analyzed in lhe Basque-Cantabrian Basin, where the saurce 

of organic silica \Vas ¡he maio detennining factor of its genesis 

aod [ocatian. In the Duero Basin the local and restricted continental 

environments determined Ihe inorganic accumulation of silica. 

giving rise ro rhick opaline silcretes . 

At all the outcrops choscn as field rrip srops, the siliceous 

rocks were formed by replacemenl processes of sedimentary 

rocks . The mineralogicaL textural and structural characleristics 

of the final siliceous rock are determined by rhe characterisric of 

the hosl rock which does nor behave as only a good «:trap» or 

reservoir for the silica. 

Many factors affect the processes thal generale silici fica­

tion; Ihese range from the sedimentary processes that originated 

the host rock to the posilion of Ihis hosr rock within rhe structure 



of the basin. On this trip ernphasis has been placed on this set 

or ractors; lhe siliceous rocks are nOI considered indepcndemly. 

but are anatyzed in their sedimcmary, paleogcograph ic. diagenetic 

or tcctonic context, depending on the case. 

1 hopc that this flcld trip will be useful for those people 

interested in acquiting general and direct knowledge of siliceous 

rocks, from lhe perspcctives of bOlh Archaeology and Geology. 

M" Angeles Bustillo 
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INIRO DUCTION. IH E BASOUE-CANTA BRIAN 
REGION 

Thc so-callcd "Basquc-Cant;tbrian Regían" Uf "Basquc-Can­
¡abrían Basin" (Northcrn Spain) compriscs a relalive ly narro\\' gcological 
setting including mOSI of Ihe BasQue Country and Cantabria. ¡he 
northcmmos\ rcgions of Ihe Palencia and Burgos provinces ami a 
considerab le par! ofNavarra. Thc Mcsozoic- Cenol.Oic sedimentary pi le 
¡s limited by Paleozoic massi rs: Ihe ASlurian rnassif 10 Ihe wesl. Ihe 
Cinco Villas massif (Wcstern Pyrenccs) 10 ¡he caSI and ¡he Demllnda 
massiflo Ihe south (lig.O.l). Thc Basque- Cantabrian Regíon has becn 
divided inlo four domains according 10 slr.Jligraphic. palcogeographic 
and/or structural criteria (Fcuillée el Rat, 1971 ): Peri-Asturian (PA 
in fi g.O. I) , Navarro-Cantabrian which indudc thc Navarro­
Cantabrian Trough (NC) and the Nunhem-Casrilian Platfonn (PN) 
subdomains, the Basque Arc (A V) and the Ebro Block (BE) . Thc PA, 
Nc' PN and BE domains fonn rhe more stablc hinterland. 

The comlXlsilc sedimentary scries has a thickncss 01' up lo 
15.000 mercrs and was deposilcd as a rcsull of a very prolonged rcelO­
dcposit ional hislOry froln ¡he Triassic period 10 Ihc Recent. Panicularly 
during the uppcr JlIrassic lo the luwer Crctaceous, Ihe Region suffcrcd 
frOIll vcr)' important cxtensional regimes wh ich led 10 thc formation of 
fauh- limited basins relared to Ihe continental margín of Nonhem Spain. 
Thc scdimcntary record of these basins was of a \'cry varicd nalUre : 
tcrrigenolls. carbonates. evaporilcs. vulcanoclastics. etc. (Soler )' .losé, 
197 1: Campos, 1979 ; I'ujaltc, 1981). 

Dllring ¡hc Aptian -Albian an imponant acccleration uf the 
subsidencc rate look place rcsul líng in Ihe progrcssive m .. rine floodings 
and theestabli shment ofvery shal low seas in wh ich Ihe rlldistid carbonale 
platforms and coral rccfs werc well-developed. On the olher hand, Ihe 
teetonic mo\'ements tremed flysch lroughs in the Basque Are domain 
(AV in fig,O, I), with ¡he subscquent lllrbid itic deposits corresponding 
lo Ihe uppcr Albian-Iower Cenomanian (Rat, 1982, 1983 ; 8 a dillo a nd 
García-Garmilla, 1985). 

An important mari ne transgrcssioll associllled with an extensive 
anoxic episode took place during the Cenomanian-Turon ian limit (OAE 
3, J cnk}'flS, 1980; Rcnard, 1987) and was succeeded by several cuSlatic 
changes well-reprcsented in thc sedimemat')' record by shallowing­
upwards dcposil ional sequences and cxtensive, widesprcad carbonate 
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Fig.O. I .• Geo/aRica/llw,) o[ lhe BlIs'Iue·Calllabrüm Region i/J{lic(lI¡'I.~ tite 
areas l"isitelf dlfrilll< tire ,"ree lluys 01 e.IC/lrsioll (/. 2 (///(/ 3). 111 ,he lexe//(/: 
J: Pa/eozoic l/IJ(I fOll'er Triassic; 2: Kellper; 3: Jllras.I'ic mu/foll"e/" Cre­
/(j(,(~0i1,\': 4: IIPP(!" Crelaceow;: 5: off~'hore Crel(l(;evIIs: 6: Teniary and 
Recen/. S: Sal/It.lllder (Co l1wbria ). !Ji: Bilbao: SS: 50 /1 Sebasri611 ; /JI/: 

Haimlll: Vi: Viroria; Pa_' PamplO/w: 8//: Burgos; Lo: Logro;¡o. "A : Perlo 
ASII/rían domaiJl: PN: NOrl"em·Ca.~/iIi{1II ()Ial/onl/: NC: Nm'orm-ClU/labrüm 
IfOllg/¡; AV: Basque Are: BE: Ebro Block. 
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pI :lIforms i n ¡hc hi ntcrland domains. Somc of them. speci ficall y the upper 
Turonian-lower Coniucian platfonns in ¡he Navarro-Canlahri:m domain 
(NC.PN in fig.O.I ) indude sUiceous indieators 01' shallow marine en­
vironmenLS and sed imcntary gaps (or sequenee boundarics). 

On lhe other hand. lhe upper Crelaceous series in Ihe Basque 
Are are represemed by carbonale and sandy Oysch succcsions. Pani­
cularly in lhe Barrika section , as we will see, several honzons bearing 
nodular cheft can be observed associaled 10 lurbidile nonnal-graded 
bcds. 

From the late Crelaceous ro lhe upper Eocene . a general episode 
of comprcssive phases rook place. As a resuil of Ihis phenomenon. Ihe 
nonh·lberian margin was slrongly deformed und folded and Ihe pre­
senl ly observable major lcclonic slruclures weTC produced (80illol, 19tH, 
19!Wa,b, fi g.O.2). Nevenhcless. other researchers (Choukroune el a l, 
1973, fig.O.3) proposed a slrike-sl ip model. assuming lhal Ihe nonh­
Pyrcnean arca \Vas lhe axisof synistral strike·sl ip motions. This mech:mism 
probably could be rcsponsib1c for lhe ronnalion of subsident Iroughs 
parullely aligned lo lhe faul! zane. 

Scveml aulhors have carried out eXlensive reviews alxlul Ih is 
subject wilh differenl hYPolhcsis and eonclusions (Le Picllon el a l. , 
1971; Williams, 1975; Rics, 1978; Ocregnaucourt a nd Doillol, 1982). 
Morcovcr, Ihe differcnt lypeS nf Triassic and upper Crelaceous vul ­
canism and thcir relalionships with teetonic factors h,lVe been reccnlly 
sludicd by Rossy (1988). Th is work also ineludes a soggcstive revicw 
of previous works on lhe agc. tcmperature. geochemic:lI composition 
and pClrological aspCCls oflhe nlkalillC magmulic cvents in Ihe Basq ue­
Canlabrian Regioll. 

THE UPPER CRETACEOUS SERI ES IN I HE 
BASQUE-CANTABRIAN REGlON 

Thc upper Crclaceous sediments show features very differcnt 
from ¡he Basque Are lO Ihe Navarro-Canlabrian domain (fig.O. I). In rael, 
Ihe paleogcographieal. faeiological and sequemial arrangements di ffe r 
considerably from the two leeto-sedimcntary domains. Spccifically, Ihe 
uppcrCrelaceous carbonate pi le in the Navurro-Cantabrinn domain (NC 
and PN in tig.O.I ) c¡m be dividcd inlo depositional mega!\Cquences 
limilcd by well-marked scquence boundarics, as dcrincd by Floquel 
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Fig. O.3 .• IlIIerprewliw! Jc/¡emes proposed by C/¡ollk,mme et al. (1973). r llis 
fisur/: ¡I/u.llra/es I/¡e M e.w:oie displllCf'mellf 0//111' lberilm P/(I/(! UJ"()ulld 11 

pole ofroWtiol! (J('C:llpyillg s/lccesive pasirio/!\ (1.4) in (1 COlIsidaable sinhtml 
shifting. 
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( 1983). Thc limit bctwccn Ihe UtrilIas sands (uppcr Albian-lower 
Cenornanian) and lhe establishmenl of the Northern-Casti lian carbonale 
plalform is cOllsidercd by Ihis author as Ihe "crisis" of the middlc 10 
upper CCllotn,mian. Anolher crisis look place around Ihe lale Turonian­
carly Coniacian. which constilutes Ihe subjecl of ¡his ficld-trip (shall o­
wing-upwards megascquence). The middle lo upper Coniacian is re­
prescnled by decper dcposils and Ihe shallowing lendenc)' crows lhe 
Ihird mcgascquencc around the lale Suntonian ("crisis" of the ];lle 
Santonian. f loquel, op.ci!.). Fin¡¡lIy. Ihe upper CrclacCQus last mega­
sequencc is markcd by a better rcprescntation of Icrri gcnous dcposi1S 
and leads 10 the conlinental environmenls of lhe earl)' Tcrtiar)' 
("Garumnian" facies. émcrsion fini-Créwcé by Flnquet. op.eil.) . 

TIle upper Crelaeeous Fms. in lhe Basq ue Arc are indical ive 
01' decpcr environmCllts: for Ihal rcason, the rccognitioll and charae­
tcriza1ion oflimil sequences musl be lookcd fOT accuralcly. Nevcrtheless, 
Amio! el a l. (1983) have made 3 lI1's1 allemp1 lo COrTe late ¡he crisis 
menlioncd abo\'c wilh the proximal and distal p];llfomls and with deepcr 
marine domains. Thus, Ihe firs l cri sis is marked by Ihe so-called "Black 
FI)'sch" (Rat, 1959; Uadilloy García-Garmilla, 1989a,b) logelher with 
Ihe first volcanic manifcslutions. Thc second crisis coincides with ¡he 
establishment of the «Flysch Trough» bc3ring caJcareous deposils. The 
Ihird crisis corresponds 10 Ihe en largement 01' lhe "Flysch Trough" 
towards Ihe ESE 3nd, finally. thc fo urth one is recorded by Ihe sandy 
nysch dcposi lion (Eibar Fm.). In lhe areil we will visil on Ihe first d3y, 
¡he erosional alld Irullcation surfaccs. thc ol istoslromes and Ihe changes 
in lhe palcocurrent modcls are good mtlrkers ror dcl imiting several 
mcgasequences. Thcse 3nd other related subjccls will be an¡¡ lyzed in 
the roJ1owi ng pages. 

Al so. Ihe penecontclIlporaneous tecloll ic aCli vi l)' could clcarly 
control Ihe subdivision in several sedimentary seui ngs. A ver)' complete 
schcme by Floquel (1 991 ) ill uSITilles Ihe relutiollship be¡wecn the 
carbonme and lurbidilic sedimentation and Ihe deep teclonic accidenlS 
which determi ne Ihe differenlleclo-sedimcntary domains in a trans­
versal scclion fro m SW 10 NE (fig.O.4). In uddi lion 10 Ihis Iypcorwork. 
Olher resc¡¡rchcrs have focusscd 1heir efforts on more local tcclonic 
aspccts (Cuevas et a l., 1982; Elof7..a el al., 1984). 
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CHERT TYPES IN THE UPPER CRETACEOUS 
SEDIMENTS IN THE BASOUE-CANTAB RI AN 
REG ION 

Thc siliceous manifcstations in ¡he upper Cretaccous of lhe 
Basque-Cantabrian Region Ihal have becn studied so [ar, can be 
predominantly found in carbonate Fms . which are considcrcd as 
belonging 10 diffcrcnt depositional environmcnts. Thc selective silici­
ficmions on previous anhydrite nodulcs are particularly intcresting, 
wheTeas ¡hose 011 bivalves. corals. spongcs. cchinoids and othCf fossil 
invertcbratcs are ¡ess impon:ml bul still worth-stydying. 

Thc dcvelopment of a vcry relevanl silicificat ion stage showing 
diffcrcnt [calures dcpcnding on scdiment¡uyenvironrncllls can bcobscrvcd 
in the Busque Are, Nav¡mo-Cant:lbrian Trough and Nonhcm-Castilian 
Plat[orm domuins. particularly during lhe upper Turonian-Iower Co­
niaci an intervalo This lapse coincides wilh Ihe maximunl degree 01' 
silicificalion in lhe Engli sh Chíllk and olher Europcan domains. as 
poinled out by Mortimore and Wood (1986). 

A nOlable sil icificnlion has been delecred in the Biscay (Plentzia) 
and SI. Jean de Luz Iroughs (Basque Arc. fi gs.O.l and 0.4). In regard 
lo Ihc Plenlzia FIll .. Ihe mosl significan t oUlcrops that bcar chert 
are located along Ihc coastal zone near rhe Bnrrika village. Here. an 
800 111. Ihick carbonate turbiditic sedimentary pile develops. According 
10 Mutile}' (1987), the Plentzia Fm. was probably deposited in;¡ middle­
oUler fan along !he so·called «Plelllzia Trough,.. An carly silicification 
begins towards the middlc pan of the Fm. h appe<lrs as continuous 
bundlcs which carefully respec¡ the primary scdimentiuy structures (Tb. 
Te, Td turbidite facies) . "nle nodu lar and bcdded cherts are primanly 
formcd by ¡he replaccment 01' cmbonate sediments conlaining less than 
50 % of biogenic silica. We employ ¡he lerm «bedded chert» in a sense 
di ffcren! from tha\ of Malh·a aud Sievcr (1989). Thesc aulhors consider 
Ihe «bcdded chen» as primarily fornlcd from rccrystallization of sili· 
ceous oozes. 

A later silieifica¡ion stagc develops at ¡he upper par! of 
¡he Plcnlzia Fm. It occurs aner irregu lar fraclures from mi1lime¡~rs 10 

few cemirneters in sizc. This si licifica¡ion is replaeing the carbonate 
material from ¡he frac ture surfacc towards Ihe hosl rock. Fina])y. as a 
resull of a ve!)' late -and ru¡her hard to dale- brcaking Slagc which 
includcd associaled brecc ias. a millimclrical infilJing of the fractures 
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is produced, The infi lling consists 01' a thillll1ilky-while-to- bluish patina 
that bears a eonspicuous opaline contento 

Thc Plentzia FtTl. is directly overlaid by thc Eibar Fm. (800-
1000 m., Santonian-upper Campanian), which is composed by silici­
clastic turbiditic deposits. An important olistostrome is located more 
or less near the Salllon ian-Campanian limit. The olistostrome includes 
in ils basal part large boulders of carbonate turbidites comaining early 
cher\. A reactivatioll 01" Ihe silieifiCalion is clearly observable: a laler 
silieification is associated with lhe sealing fractures 01" Ihe olistostronie 
boulders. Sínce this pracess resu lls from Ihe dynamic interaction with 
early chen. il is very interesting lO observe the relationship belween 
Ihe IWO silieeous phases. 

In the Navarro-Cantabrian Trough. a very widespread carbonate 
platfúml is represented by the Ribera Alta Fm. 1t includes nodu larchert, 
\IIhose maximum appearance is in Ihe Subijana seclion, jusI in the 
platform sedimentary margin selting, The eher1 appears as kidney­
shaped nndules \IIhich are closely controlled by selective silicification 
processes in Ihe bíolllrbatioll networks (Thala ssil1oides ). 

Sínce the T!ra{aysil1oüles burrows mark Ihe original bedding 
planes. Ihe nodular chert appears in the oulerops as non-eontinuous 
boudín-shaped bundles. Subver1ieal biolurbations \IIhich are not longer 
Ihan 20 cm. are oecasionally found. The most COIlllllOIl host rack for 
Ihe nodular chert ls a bioclaslie limeslone which is strongly dolornilized 
in some places. As \ve will see later on . the dolomitization took place 
some time after silicification. The silica nodu1cs can reach up 10 25 cm. 
in diameter and appear as individual nodulcs orcontinuously-assoeiated 
rosary-like boudins. Many of their cross-sections show Liesegang rings 
and a strong dissolution 01' Ihe carbonate remains in the outermost part 
of lhe nodules. 

Another lypc 01" sclcctive silicification is produced on corals, 
oysters and inoceramids ¡¡nd consists of different varielies (JI' quartzíne­
lutecite, megaquartz, ctc . In addition, there are small -sized silicified 
anhydrite nodules containing evaporitic relíes which are imponalll 
paleogeographic markers in the Ribera Alta Fm. 

In the Northern-Castilían platl"orm, the Cueva Fm. shows the 
maín amounts 01' sil iea in Ihis arca. Sil ica appears here as variable-sized 
nodular chel1 always associated with Ihe sh:lilowest facies in the Cueva 
¡¡nd Bedón Mounlain sections. Similarly, the shallowing lrend was 
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causcd by diapiric effeclS (Salinas de Rosío diupir). Silicification Slrue­
tures have not becn observed around the soulhemmost arcas (La LaSlra­
Sobrón antielinal arca). 

Under lhe microscope, the diagcnctie silicificul ion is repre· 
sentcd by hcavy mosaics of mieroquartz eryslal s wilh 1csser fíbrous 
ehaJcedon ite thal infill lhe pores and very 'lb undal11 siliceous sponge 
spieule rcmains und ill-prescrvcd rudiolaria (opal A) purtially or totally 
repl:leed by sparry calcile. 

Both spieules und radiolariu suggesl a biosiliccous source for 
Ihe eurly silica replaci ng the carbonales. This proccss could ha\'c becn 
dynamie and active during Ihe diagellelic history, and ussocialed wilh 
rcmobilizaliol1, silicificati on and caldtizalion phases. The calcitization 
Iypicillly occurs along fractures wilh cuhedral crystals included in Ihe 
microquanz groundmass fol1owing Ihe mechanisms proposcd by Maliva 
and Sievcr (1988a) wilh regard \O diagencTic repluccmenls cOl11roJled 
by lhe force of crystallization. 

Alrhough il goes bcyond Ihe seope of Ihis fie ld-trip, very 
inTcrcsling silicifications c:m be detected in Ihe Salltoniun-Campanian 
sediments in differcm places of the Nord-Castilian platform. For ins­
tanCe. near Tubilla del Agua (nonhem Burgos) Ihe silicification is 
developcd upon anhydrile nodul es and it originates the so-{;alled 
cauliflower-type quarlz geodcs (Elorzu and Rodriguez-LíI7.llrO, 1984a). 
In Langre (Calllabria), there are quanz gcodes infi llcd by cdestite 
(Elorza and Rod ríguez-Lázaro, 1986). wi th very contraSled isolOpic 
data for the sul phur values of the cdesTile (8oyee el aL, 1990). In the 
Losa valley (San Panlaleón and Hozalla towns. nonhem Burgos). the 
fibrous-radial strucTuresoflhecdesti tcare rcplaced by quunzine-lutecite 
in a very complex diagenetic paltern (Elorza illld Rodríguez-Láza ro, 
1984b). In Ihe uppcr Campan ian of Laño (near Southem Basque Country). 
a storm-bed bivalve accumulation underwem silicificaüon. The bivill vc 
shclls (Gryplwea ) have becn scleclively rcplaccd and il is possible 10 

diffcrentiate several stagcs of silic ifiealion in the shell architecture 
(Elona and Orue-Etxcbarria, 1985). Finally, in the continental pa­
leoenvironments of the Ulrillas Fm. (uppcr Albinn-lower Ccnomanian), 
one can find si licificarion processes on con ifcr fragments whj¡:h haye 
been studied by Elorza and Arriorlua (1985). 
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DA Y 1. BARRIKA 

MORNING: 

FIRST STOP (1.11: THE PLENTZIA FM. IN THE BA­
RRIKA SECTION 

Thc Plentzia Fm. was locatcd by Mathe)' (1982) in lhe north 
limll of Lhe Bizkaia SyncJinorium, specifiwlly in lhe Barrika sccti on 
(ligs. 1.1 and 1.2). This uníl corrcsponds to a middlc-outcr par! of a 
submarinc fan in a carbonate turbiditic cnvironmcntal complexo The 
stratigraphic series shows a prcfcrcntiallhinning-fíning vertical orga­
nlzatian (fig. 1.3). The total Ihickness i5 very dilTicult 10 estimate. due 
to the ¡nlense folding affccting it. bul ir secms reasonably close lo 800 
m. maXIl11UIll. 

The Tb, Te and Td intervals 01' Bouma's turbidite sequence 
of ¡he P1entzia Frn. are main!y composcd by ca1carenitc and calcisiltite 
rock s. The horizons osci!1ate from several centimelers 10 half a meter 
thick. A thin mieritie limestonc usually erowns the turb iditic scquence. 
When::as the foraminifera are well -represented in the Plentzia Fm. 
sediments (MarKinoffUncana sigali, M. coronara, M. sinuosa, M. ef. 
rellZ;. Dicarineila cf. primilim), Ihe bcnlhic ostraeods (PO/lIOC)1Jrella, 
Neo(")'fhere, Rheac)'fhereis, Praephacorhahdofus) are relatively rare in 
comparison with those found in the upper and lower Fms. 1'his is owed 
lo unfavorable condilions: anoxia and detrital materials. 1'wo popula­
li ons of pa!eocurrents are found in the direction SW-S/SW and 
N-NE respeetively . I he Fm. is dated from middle Cenomanian to upper 
Coniacian/early Santonian. (Matlley, 1987; Zárraga and Rodríguez­
Lázaro, 1990). 

The silic ification is by far the most relevant diagenetic process 
in the Plcntzia Fm. ]¡ begins around the middle part of the Fm. and is 
widely developed in the ca1carenite facies. The thinner calcarenile is 
towards lhe top, lhe less-developed silicificalion will be at the uppcr 
part of the unit. Near the top, the silicification is completely softened 
in marl y horizons bearing plcnl y of inoceram i ds and oysters (Pycnodolllc ). 
The very thin lurbidite calcarenite Illminlle (1 -3 cm. thick) show pafllllel 
lam.inatioll (Id interval) and visible wedging features in an onlapping 
stmcturc. 
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Pig. J .l.A. - A genera/del\' of lIJe /011'<'1' Crefa("('{J1/,\' (Urgol1iw! lI/u/ SI/pral/ ' 

r~()lli{/11 complexes), (lI1d lile Piel/lúa FIII. with dWVfO/I folds ill ¡/¡e !Jarrika 
e/iffs: IJ. - A d(;tuil uf ("{/l'bol1(1/e furbidite (Tb·d) 11';1110111 chert in ¡he lJ(lI'ri/.:.a 
diff.l': c.. AnO/her gcneml \'iewoftlw Plel/túa fll1. II'/úch ShOU\\',f ¡he COI/U/U 
(L) be/ll'cen carbonme wrbi(lite.~ 1I"II11OUl d lcrt (//J(J lhe begilllling af tur­
bidities lI'ilh dum (eh). 
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A) THE BASAL ZONE WITHOUT SILlCA 

Thc Plcntzia Fm. in Ihe Bllrrika section iscomposed by carbonate 
lurbiditic beds probably depositcd 011 a midd1c fa n which evolved to 

an outer one aTOllnd ¡he final dcpositional history of Ihe unit. Thcrefore 
Ihe si1ira Is abscnt in Ihe lower and middle Plcntzia Fm. The ¡i\teral 
cominu ity and tabular shapc of Ihe bcds are nOI unusual. 

Nevertheless, in lhe non.-extrcmc lower part of lhe unil, sorne 
channclized morphologics can be observcd ( in[Jer fan subenviron ment). 
SOIllC lens of melers above, ¡here is an olisloslrome-I ike hon zon which 
is several meters th ick. This oli stostrome is ovcrlaid by progrcssively 
thickcr and frcqucnI marly bcds rcpreseming an outer lo middlc fa n. 
Tlle measured palcocurrems hC3d approximately E-W. 

A stratigraphic corrclation with the equivalent Fms. in Ihe 
Nuvarro-Canlabrian domain (2nd day) is prescntly specu lali ve due \O 

Ihe lack of continuity in Ihe oUlcrops. However, ulong ¡he lines of Van 
WlIgooner el a l. (1988) wilh regard lO the Syslems Tracts philosophy, 
a firsl attcmpl of genclic corrclalion is showed in Ihe fig .l .4. A firsl 
sca-Icvcl fan (scqucncc boundary 1. S8 1) could be rcflecled in a 
progressive increusc and thicken ing of Ihe calcareous turbidile beds. In 
addition. Ihe earliCSI appearance of Ihe nodular chen is associalcd ....,ilh 
Ihe fi rsl depositional sequencc (DS 1) in lhe Basque Are as wcll as Ihe 
Nuvarro-Cantabrian domain. 

Under Ihe microstope, the ealcarenile facies is packstone­
grainslOne Ihal be'lrs plenly of foraminifera (few of them arenaccous) 
and ferroanculcileecment. Some micrilecan beobserved in Ihin laminae 
and locally recryslallized 10 mierosparilc and sparile. Silieeous sponge 
rcmains (presumably lhe sourte of silica) cannot be found. 

B) SILlCA DEVELOPMENT. TYPES OF SILICA. 
In compunson with Ihe scdiments ....,ilholll silica. Ihe pan of 

the sequence in which ¡he sil iceous manifeslations appear is characte­
rizcd by: 

a) A differcnt allochemieal composilion of the sediment. In faet, the 
deposits Ihm contain silica are grainstonc bearing a lurge 
proponion of pcllels, sponge spicules (up to 60%), and more rarcly 
radiolaria, forallunifer fragmcnts. delrital quanz (lcss than 20%) and 
locally K-fel dspar. micas. tourmal ine . zi rcon and apatite. The 
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argillaeeous minerals (lcss lhan 10% of lhe rock) were delennined by 
Mathey (1987). 

b) A different direetion marked by the measured paleocurrents. 

e) Changes in the ostracod associations (inerease in diversity). 

d) A mady interval indieative of more anoxic conditíons (pyrite) IS 
located just below the base of the earliest bearing-chen turbidite bed. 

Four types of eherl can be distinguished: 

(1) Bedded and nodular chen. 
(2) Chert in poorly-developed laminiles. 
(3) Fracture-related ehen. 
(4) Chen infilling small fractures. 

(1) Bedded and nodular cherL- The bedded and nodular ehens are 
located in the Tb, Te and Td inlervals of Bouma' s turbidile sequenee 
(fig.1.5,a,b). The chen nodules range from 2 10 20 cm. thiek and 
the longesl dimension i5 gencrally parallel to the bedding. TIle bcdded 
chcrt cOl1lains patches of carbonate representing relicts of lhe host rock. 
This Iypc of ehen may have a parallel or convolute lamination of ¡he 
Tb, Td or Te lurbidilc intcrvals kcpt by the carbonate turbid ite replaee 
by lhe si lica (lig.l.5). The morphology of ehert nodules is also controlled 
by primary sedimentary structurcs of the carbonate turbidite host roás. 
Slraighl houndaries were produeed il"lhe h05t rock had parallellamination 
(Tb, Td) and irregular boundaries wen:: produced if the host rock had 
eonvolule lamination (Te inlcrval). 

Pctrography and Mincralogy. The chert hOSI rock is a ealearenite to 
eoarse-grained caleisiltite that can be cJassified as grainstone. The mosl 
abundant cornponents are sil ieeous sponge spicules and carbonate pellets 
(up to 60%): radiolarians. fragments of foraminifers. and detrital quartz 
are present in minor amounts « 20%). Siliceous sponge spicules 
occur in all the carbonate turbidite intervals and define the laminations 
01" Th, Te and Td inlcrvals, wilh a strong decrease in size towards Ihe 
tor of lhe heds.The cement for the turbidites is ehiefly ferroan sparry 
ea1cite allhough microsparite and micrite appear locally. In thieker 
cnlenrenite beds (Ta interval). large bioclasts of different nalure (orbi­
tolinids, gastropods. eoralline algae. echinoid spines, etc) oecur togcthcr 
with chen of different nature. policrystalline quartz and wealhercd 
voleanic rock fragments . 
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Fig. I .5.- .4. A parrial n'ew of rhe PlenrÚl¡ Fm. folded wilh calcarmite lurbidite 
!Jetl ul!d he(/ded chat (Sh). B. - A Ichemwic turbidile hed. helOllging lO /he 
ou/crop / .1. wirh bedtled cherr (5b) in Tb. Te. (IIul Td of Bowl!a's seqlle/lce. 
c.- Culcarenite ( e) ami Beddcd cherl (5b) wilh primar, .\'edimell1m)' struClures 
preserved in Ihe c!len Remains of Ihe !tOSI roek (N) Ihm \Vere I!ol silicijied 
oecur inlhe bedded clU'rt. Ver/ieal panial cross-secliOfU/1 l'ieIV of (¡ Zoophycos 
.\peclmCII (Z) is preselll . D. - Bedded e/l/m (Sb) affected vyfraclures (ll1d forming 
a 100er fracture-rela/a! c/¡en. 
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The chcrt is presen! only within the calcarenite beds. Mosl of 
Ihe sil ica appcars in the form of microquartz and cryptoerystallinc quartz, 
wilh grain sizes about 20 ~m. A fibrous variety of quartz is a minor 
componen!. Lenglh-f<lSI ch<l1cedony (cha1ccdonilc) seems 10 have eilher 
rcplaced the wal ls of spongc spicules, orto llave infí llcd the axial canals 
of sponge spiculcs, radiolarian chambcrs. and other original sedimcnt 
voids. or to have replaced some carbonale fossils (foraminifers. bival vcs. 
etc.). Locally, wilh in the sponge spicules, Iherc occurs a brown ish­
yell ow semi-isotropic nlnterial considered as an op<lline precursor rclicl 
pllase. Fine-grained iron oxides are also irregularly distribuled in the 
rock. 

The source of silica for Ihe fonnation of bcdded and nodular 
chcns was the di solulion and calcitization of siliceous organisms, mainl)' 
sponge spicules and secondarily radiol arians. wh ich were inc1 uded in 
[hc carbonate turbidite bcds. The coaslal upwelling along the carbonale 
pllllform [ed lo a high produclivilY of sil iceous sponges and radiolarians 
(opal A), which were deposited in the «Flysch Trough» wilh other 
allochcms as carbonale turbidites. \Ve can see evidencc of a maluration 
process from original biogenic opal A. Ihrough an intennediale opal cr 
composilion to microquanz (Mali va and Sic\'cr, 1988b)_ 

In its basal parto the Te interval (hcmipelagite) is a wackslonc. 
$omctimes a micritic limestone (mudslone) crowns the turbidilic sc­
quence. Thc Iimestone Is composed of fcrroan mienle (mudslonc) Ihal 
comains planktonic foraminifers, mdiolarians and sornetimes spongc 
spiculcs. which are small and always cakifíed. The clay minerals (illilc. 
smectilc. kaolinile and chlorile) r.:angc from about 20% 10 60% in these 
inlervuls (Mathe)', 1987). 

(2) Chcrt in poorly-dcvc1oped laminites.- Chcrt in poorly -dcveloped 
laminites consisls of thin and poorly-defined allcmating chen and li ­
mCSlone (calcarenite) laminae produced by prcfercntial silicificalion of 
alternale laminac of Ihe Tb and Td inlcrvals. The silicified lam inac 
range in Ihickncss from several tens of microns 10 1 10 2 mm. 

Under Ihe microscope, Ihe chcTl in poorly-dcve1oped laminitcs 
IS prcdominantly rnade-up ol" small spheru lites of lenglh slow chal­
cedonile (quartzine) and smaller amounts of microquaTlz which are 
arranged in laminac. Thc quanzine tends 10 fonn aggregates of sphcrules 
in ;lH laminae Ihal contai n dolomite and iron oxide panicles. 
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The fibrous lexturc o f quartzi ne was probably formed in atl 
alkaline or sul fate diagenetic mieroenv ironmcnt (Folk and Pill­
man, 1971 ): also, the precipitUlion 01' quartzinc may indicate that pore 
tluids were rich in magnesium und thatthey were saturated wi lh respect 
10 quanz (Jacka, 1974; Hattield, 1975, Folk, 1975; Kccnl', 1983). 

(3) Fracture-related chcrt.- Fracture- related cherl has irregular, rec­
li linear. or curved shapcs and occasionally cross-cuts thc carbonale 
lurbidite beds. This chert can be found at Ihe middle-upper pan of 
¡he series. The fracture -relatcd chert is never found in the hemipelagitc 
mudstone. The irregular contact wilh the host rock shows Ihal Ihc 
silicificalion is not Ihe simplc illfillillg of an opcn fraclure but is maillly 
Ihe replacement of Ihe adjacent carbonate rock. 

These fmctures eross Ihe bedded chen and laminile-hosted 
ehen. The widlh of the fraclure-re lated chen (frolll mm.to cm) increascs 
when Ibe frac ture passes from ¡he bcdded cheft 10 ¡he carbonate host 
rock. Sometimes Ihe ¡nner pan ofthe fraC lure is in tilled by sparry calcite. 

(4) Chert infilling small fractures.- Sometimcs the bedded chert eontains 
mi11imeter- sized fractures filled with white-blue chert. Thcse fraclu res 
are local and lim ited in thickness. wilh areas of microbrecciation. The 
5ilica never replaces thc adjacem carbonale host rack Of the early 
microcryslallinc cher\. Sincc ¡his type o f chert infilling fractufes presents 
a whitc-blue opaline aspect, it can only be detected ínsidc the eurly 
bcdded chert. Also. il is dimeult 10 delermine their exacl fO mIalioll 
time. 

Microscopically. ¡his late chert has un opaline aspcct with at 
least IWO generalions of silic<l: a) a browllish-ycllow semi-isotropic 
fibrouscha1cedonite, wilh microbanded laminations. b) a minorily fibrous 
cha1cedoni te with no inc1usions and relaled tO the lirst genemtion 
(lig. 1.12). 

C) GEOCHEM ISTRY 

Trace <lnd major clcment compositi ons of cherts and Irace 
c!cment composit ion of grainstones (host rock) were dctermi ned by 
X-ray fiuo rescence spectroscopy (Elon<J and RustiJIo, 1989). 
Thc sil ica content of the untreated chef! ranges fro m 84 % to 88 %. 
Untrealed chcrts comains more Fe and Na Ihan thei r Hel treated coun­
terpart. Fe and Na oxides are mainly contained in the carbonale 
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minerals. Thc othcr ox ides. excepl sil ica. cither are minor or do nOI show 
a consistent belmvior (Table 1). 

The conlenlS of Zr. Pb, Rb and Zn are relaliyely high in Ihe 
Barrika chens. These clements are below Ihe lirnits of delecl ion in Ihc 
hosl rack. In unlre¡¡{cd chert. Rb. Pb.Th. Zn.Ga? and Zrare less abundant 
Ihan in HCL~lrealed chen . which suggcsls Ih<l¡ these Irace- elements 
are nOI associaled wilh calcile. 

No difrcTcncc cxisls bctween Ihe COnle11l in minor clemellls in 
bcddcd. nadular. <l nd fracturc-relaled chen. becau$c all of Ibese cherts 
were formed by the replacemcnt of the has! carbonate. Sr lmd Zr are 
Ihe mos! abundanl ITnee-elemenls; Sr is also associaled with the (ar­
bonalC host rock. bUI Zr is not. Zr may be ineorporated in iron minerals. 
Pb. Zn ando toa lcsscrcxlenl. Rb may be included in ¡he hcmalite (Tablc 
H). Most of Ihe minor clelllcnts delecled may appcar in associat ion 
with hcm.tlite, which is rommon in lllatly cherls. 

The presence of these geochcmical elements can be cx plained 
as fo llows: Ihe silica-rieh nuids weTC also sOlllcwhat emiehed in minor 
clements (Zr, Pb. Zn. Pb) as Ihe result of Ihe dissolulion of biogenic 
siliea. bUI primari ly of the Ic:tching of Ihe hemipclagite heds. mainl)' 
the cla)' minerals. During early diagcnesis. si licification caused the 
rejeetion 01' Ihe minor elements rrom Ihe chen and their cOllcentratioll 
in the ealcarenite beds. which had a grcaler effecli ve porosity than Ihe 
l1ludstone bcds. ThroughoUl the silicitlcmion process. the minorelements 
were incorporared in Ihe silica-Tich solutions from which the initial 
diagenetic opaline phase \Vas precipitated. Laler on, when Ihe diagenetic 
opaline phase bceame quartz. Ihe minor elemcnts were probably 
ineorponttcd ¡nlo the iron oxides (hemati te). 

D) OXYG EN ISOTOPIC DATA OF THE EARLY AND 
LATE DIAGENETIC CHERT. 

\Ve assume thm 8180 in ehens is Ihe latesllransition from opal 
CT to quartz, and nOI the original prccipitation 01' any silieeous phase 
from ¡he oecan. as opal A from Ihe sponge spiculcs. \Ve e,m sec, at 
leas!. t WQ possiblc reasons for ¡he systcmatic 1%0 difference: a) bolh 
lypes of chen weTe formed from nuid of ideJ1\ical ÓI~O bul al different 
tcmper.lIures; b) bolh !)'pesof chert Viere fonned al the same tcmperalure 
bul from ¡salopieall )' distinct nuids. \Ve know that Ihe bcdded-nodu lar 
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TABLE 1.- Chemical compos ition in weight ]X'rcent of chens, by X-
ray nuorescence spectroscopy. 

N-I N-3 N4 1'1-4. N·5 N-U N-U · NF·I NF-5 

SiO, 97.58 98.00 97.30 83.98 97.51 97.65 88.59 98.29 98.15 
Al¡D, 0. 16 0.07 0.74 0.37 0.45 0.31 OJO 0.15 0.25 
FePl 0.26 0.13 0.13 0.48 0.16 0.13 0.59 0.06 0.05 
MilO 0.01 0.0 \ 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
CaD l.02 0.80 0.80 7.91 0.80 0.80 5.44 0.81 0.80 
Na,O 0.01 0.21 0.01 0.13 
K,á 
TrO, 0.02 0.02 0.03 0.02 0.04 0.03 0.02 0.02 0.02 
Loss 0Il fu ssion al 

10500
( 0.8!:í 0.71 O. !:íO 6.72 0.81 0.77 4.84 0.81 0.85 

Total 99.94 99.74 99.81 99.70 99.18 99.71 99.92 100.15 100.13 

Kcy: N. l·tO-insoluble rcsidue, of nodular and bedded chen. 1\"*. bulk unt reatcd chen. 
NF. ellen related to fractures (Iotal irOll as Fep.). 

TABLE B.- Trace elcments composition of roks. in parts per million. 

Rb B, Pb S, C, y Th ZO C, Ni G, Z, 
Beddcd and rlOdular chen. HCI-lreatcd 
1'1-1 64 7 J8 ISO 10 23 25 l4 11 7 24 165 
N-2 69 35 177 9 26 28 51 10 7 2S 185 
N-] 12 • 39 182 9 26 27 45 11 7 26 181 
N-4 69 23 JJ 185 9 2S " 61 12 8 26 180 
1\'-4* 51 28 291 10 20 2J 2J 9 7 2J III 
N·5 70 18 38 181 9 25 28 38 10 6 26 181 
N·6 7J 12 JJ 182 9 26 28 38 11 8 25 182 
N·7 70 36 179 10 26 29 40 10 9 25 182 
N·8 70 J8 182 9 26 28 39 10 7 24 181 
N-9 71 7 JJ 181 9 26 28 47 10 7 26 184 
N-lO 69 16 35 183 9 26 3D 47 11 7 24 185 
N-U 71 39 181 9 25 26 44 10 7 25 182 
N· ]2 69 39 181 9 22 27 41 10 7 24 184 
N-]2· 55 10 3l 251 8 22 22 2J 12 9 22 145 
Fraclurt·related chen. HCI-treatcd 
NF-I 69 37 186 9 25 2J 54 12 7 25 178 
NF-2 69 JJ 192 8 26 28 48 10 6 25 181 
NF-3 69 J8 90 8 26 2J 45 9 7 25 184 
NF-4 70 39 184 8 26 28 34 9 7 24 178 
NF·S 70 35 188 9 26 28 39 11 6 24 186 
Calearcnite 
LF-29 17 6 41 0 8 7 , IJ 26 
LF-30 6 390 , 8 11 
LF-32 ]79 8 11 
LF-36 361 8 • 11 
LF4lI 7 326 8 7 12 J9 
LF-61 438 8 7 13 12 

Key; - . less than 5 ppm. · Urnreated sampk. 
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chert is fonned in lhe Plel1\zia Fm. (carbonate turbidiles of Coniacian 
age) and the later fracture-related chen is found wilhin big fragmel1\s 
01" Ihe Eibar Fm. (sandy flysch ofSanlonian-Campanian age). The Eibar 
Fm. was deposi ted deeper and later Ihan the Plentzia Fm., thus, we 
suggest that both classesm of chert were formed from fluids 01' similar 
0 1 ~0 . due 10 Ihe same composition of Iheir rock, bul wilh different 
temperalures given Ihe difference in depth between them (Elorza :md 
Fallick, in press). 

There are several expressions in the litemlure which suggesl 
a relationship between 0180 (HP), 01 ~0 (5 iO) and temperalure. Al! 
of Ihem assume that the silica i5 formed in iS010pic equilibriutl1 \Vith 
Ihe interstitial fluid, \Ve choose Ihe Kita et al. (1985) expression and 
we can see that 1%" in 0180 (SiO

l
) syslematic difference corresponds 

to a 5°C temperature difference (wilh laler fraclllre-related chert forming 
at highertemperature). If we assumeadeplelion of 0'80=0± 1%" relalive 
lo ¡he Standard Mean Otean Water fOrlhe oxygen isolopic composition 
of Cretaceous seawater, we find a diagenetic lernperature of 45 lO 
55 QC. 

E) SILlCA DISAPPEARANCE IN THE FINAL PLEN­
TZIA FM. 

lhe Plentzia Frn. vertical!y evolves to a gradual diminution in 
carbonate turbidites which implies a subsequen¡ increase in ¡he mady 
tenns. lhe lurbidiles only consist 01' parallel -laminated thín beds or 
laminae ( [-3 cm. lhick) and some of lhem are wedge-shaped. Chert 
can be moslcommonly found in very thin laminae following Ihe primary 
laminalion of Ihe rock bUI, in general , the silica disappears because 01" 
Ihe lack of a sufficienl amounl of spongc spicules. Thus, the si!iceous 
diagenetic processes are exlinc\. 

A large number of non-silicified /nacen/mus (complete shells 
and fragments wi lh Ihick and weak walls) and some smal1 specimens 
of Pycnodonre arrear in lhe marly sedimenls. They have a notable 
pa[eogeographie interest, as will be seen later on. 

Wilh regard to Ihe Syslems lracIs nomenclature (see fig.1.4), 
the upper marls 01' lhe Plelllzia Fm. are probably equivalent lo the OS 
2 depositional sequcnce identified in ¡he NavatTo-Cantabrian domain 
(2nd day) and perhaps a[so to ¡he lower Nidáguila and Losas Fms., both 
Frns. being indicative of a major transgressive episode. 
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CRYSTALLlNITY INDEX. 

Fol1owing ¡he mcthods proposcd by Murat~land Norman (1976) 
and Gregg el a l. (1977), Elorza el a l. (1985) have dClcrmined Ihe 
Cryslull ini l)' Indcx (C!.) of 20 curly bcddcd chert samplcs (Barrika 
section). The paramctcrs :md Ihe cell uni¡ volumc were dctcrmined 
through Ihe rcfincd least-sq uares mcthod applicd on dala obtained by 
X-my diffraction, 

Ir \Ve compare ¡he (C I.) vuriatiollS - obtaincd aftcr Ihe 
applicat ion oFtWOlllcthods-wi th Ihe variaüonsof lhe cell uní! valume. 
and with Ihe impurity perccnlage, \Ve do 11 01 find theexistcncc ora d e:lf 
direcl relation. Howcver, whcn \Ve orgallize Ihe samp1cs in lhree groups. 
according 10 their external aspect, cenain tcndcm;ies c:m be obscrvcd 
(Table JU). 

[n ¡his \Vay, Ihe (C. I.)'s detcrmincd by the method of Grcgg 
el a l. (1977) decrease when the ccl1 11nit volllme and the impurities 
inerease, as sorne other ¡tlllhors have also poi nted out (fig.1.6). This 
tendcncy was eonfirmed Imer on by ot her che n samples of the Basque­
Cantabrian Basin (t\rriortua et al. 1984; Elor:ta)' Arriorlua, 1985; 
T a rriño el a l. 1989; Urtiaga el al. 1991). 

PICN IC 

AfTERNOON: 

SECOND STOP (/.2): THE El BAR FM, 

The Eibar Fm .. idemified by Mathcy (1982), eonformably 
overlics Ihe Plenl7.i a Fm. It is eomposed by sandstoncs or micaceous 
argililcs in altcrnation with calcarcOlls siltstoncs Of grayish marlsLoncs 
(sandy n yseh). The turbidi tic siliciclastic bcds have an individual 
thiekncss mnging fmm several centimcters 10 one meter :md frequcntly 
show current stntctures (Tb, Te and Td interval s) and organic structures 
in thciT bases (P/tllloliles. Granularia. HellllillI/¡opsis). The Te tenn is 
represcnted by casily-altcr:lble obseufc marls bearing pyrili7.cd biotur­
bations. Somctimcs Ihe lUrbidite scquenees are crowncd by a fincly­
graincd limestonc horizon thul bears planklOllic foraminifera (01000-
lrunc:midae. Hctcrohclieidae) which corresponds to a typical hemipc­
lagic scdimenlation . 

27 



TABLE III . ~ Volume ofthe uni! ce ll and crystalllnity index (C.I) 
01' the bedded chert that appears in the Barrika section. 

Samples alA) e(A) Vl)[u m? of Ihe IG.CJ) (M.CI.l !mruriljcs 
UJÚI cel! GREGG \!llRAT..I,· % 

el al. NORMAN 

LF-5 4.907(1) 5.339{l) 112.60(4) 1.03 1.66 0.29 

LF-9 4.9176(7) 5.405( 1) 113 .20(3) 1.01 3.29 0.82 

LF-Il 4.9 163(8) 5.404{ 1) 113.13(2) 095 2.61 0.62 

LF-13 4.9107(7) 5.402(1) 112.82(4) 0.93 1.83 0.76 

LF-26 4.905(2) 5.399(3) 112.53(8) 0.92 2.24 0.23 

LF-34 4.9129(0) 5.403(2) 112.95(4) 1. 57 1.75 0.60 

LF-69 4.906(2) 5.394(3) 112.47(6) 1.55 2.63 0.18 

B 4.911 (8) 5.403(1) 112.88(3) 2.05 1.54 0.54 

LF-14 4.915(2) 5.404(6) 113.0(1 ) 0,77 3.55 0.64 

LF-28 4,9137(6) 5.4005(9) 11 2.92(3) 1,45 2.43 0.57 

LF-83 4,909(5) 5,4 l2(2) 112.9(3) 1.22 4.73 0.56 

LF-7 4.904(1) 5,42 1(1) 112.9(5) 0.52 5.81 0.56 

LF-16 4.912(1) 5,409(2) 113.03(5) 0.91 5.29 0.67 

LF-18 4.9 12(3) 5.398(4) 112.8(1 ) 0.33 5.94 0.46 

LF-24 4.909(2) 5.409(4) 112,94(8) 0.20 6,17 0.59 

LF-29 4.914(1 ) 5.403( 1) 113.02(5) 0.60 5.32 0.66 

LF-36 4.913(0) 5.419(1) 113.2(1) 0.37 5.40 0.82 

LF-61 4.9170(7) 5.404(2} 113.15(5) 0.62 4.53 0.78 

LF-71 4,914(3) 5.401(8) 1110(2) 0.37 5.00 0.64 

A' 4.918(1} 5.403(2) 11122(6) 0.50 4.60 0.85 

Quar1z 4.9027* 5.3934* 112.27* 1.1 (2)* 

"'Swndard values for quanz from 1memational Union of Crystallogr;lphy (1963. 
V. 3. p. 112), 
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The Eibar Fm. has a total thickness of 1000-1200 m. in Ihe 
1l0nhem limb of ¡he Bizkaia Syndinorium. ]¡ \Vas deposiled in Ihe so­
called "Orio Trough» during the late Santonian-lowerCampanian interval 
and possibly represents a fan-fringe subenvironmenl. Fig.l.7 illustrates 
¡he lateral and vertical relations between ¡he Fruniz. Plentzia and Eibar 
Fms. As can be seen, lhe Plentzia Fm. laterally intenongues with the 
calcareous Fruniz Fm. which bears volcanic intercalmions. Thc latter 
fm. is composed by alternating mudslOne and limeslOne beds together 
with submarine volcanic rocks (lava flows and breccias). The Eibar Fin. 
confonnably overlies the Plentzia Fm. witha slighty diachronic houndary. 

A) THE OLlSTOSTROME: RECOGNIT10N AND 
COMPOS1T10N 

Along the Barrika section , two olistostromes can be identified. 
as pointed out by Cuevas el al. (l9S2), Mathcy (1987), anJ Elorz3 
and Bustillo, (1989). The first and lower olistostrome is composed by 
sandy-flysch boulders IOgelher with grccn volcanic rock fragments . 
quartz masses and, probably, hydrothennal-in- origin iron oxides with 
quartz. These components are included in a reddish calcareous-argilitic 
groundmass. The sludy of this olislOslrome goes heyond Ihe scope of 
this field lrip. 

The second oliSlostrome is not directly located upon the former 
and has a grealer thickness (about 40 m. ). Due 10 Ihe tectonic folding, 
il outcrops in an in verted position showing a great number of boulders 
which are very different in composition and age. lt is normally-graded 
from large boulders at the base 10 a calearenite episode at the top (ligs. 
1.8, 1.9) 

Some considermions abaul the agc of the material s are oí" 
intcrest. The samples obtained from points 1 and 6 in fig.1.8 (sandy 
nysch) have the same age (late Santonian). On the other hand. the 
remain ing samples sharply contrasl in age. Sample 2 is middle Ceno­
manian; sample3 is middle Coniacian: sample4 isConiacian and sample 
5 has been dated as late Santonian in age. The age determinations weTe 
carried out from planklonic foraminiferal species (Elorza ct al. , 1987). 
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B) SIUCIFICATION STRUCTURES AND TYPES OF 
CHERT 

Large block S of carbonate lurbidite beds. with bedded and 
nodularchert. belonging 10 Ihe Plcntzia Fm. formpan oftheolistostromc 
(fig. 1.10 A). These blocks of calcarenite are thicker (1 102m) Lhan 
Ihe first ane discussed ahove, which suggests a proxinwl formation 
selting. 

\Ve can see ¡hree Iypcs of chen: 

1) bedded and nodular chen, 
2) (hen in poorly developed lami nites, 
3) fracl ure-reJaled chen. 

In generaL Ihey prcscnt ¡he same characleristics as Ihe types 
of chen examincd above. 

(1) Bedded and nodular chert.- The beds and nodules 01' chen are 
localed in Ihe lb, Te and Td intervals of Bouma's turbidite seq uence. 
rhe bedded chef! conlains patches of carbonate rcpresenting rcliet host 
rock when Ihe sil ica supply was low (fig. 1.10 B). The internal slruelure 
of lhe hosl rock may have delermined Ihe location oflhe nodular chert. 
Thus. we can see nodules Ihat are mainly established in lhe antic1inlll 
eores of undulate lamination (Te inlerval) (fig. 1. 10 q, which suggests 
lhal silica-rich fluids migraled lalerally along the sedimemary slruclurcs, 
and replaced the high-porosily carbonale sediment in favorable plaees. 

The morphology of Ihe bedded ehen is controlled by primary 
sedimentary slructures of Ihe carbonate hosl rock. Straight boundaries 
wefe produced in ¡hose cases in which the host rock had parallel 
lamination (Tb, Td) and irregular boundaries were produced iflhe hosl 
rack had convolute lamination (lig. 1.10 D). In general. ¡hey present 
¡he same lextures lhanlhe bedded and nodular chert examined in samp1cs 
of Ihe P1cntzia Fm. under the microscope. 

Only in ¡his oUlcrop, Ihe tabular and nodular cherts are affeeted 
by a specific fracturation and brecciation . This fracmring may have been 
generaled during and afLer deposilion of Ihe olisloslrome as a con se­
quence of readjustment of lhe carbonate turbidite blocks inside Ihe 
olistostrome. The distance belween Ihe chert fragments ranges from 
millimeters 10 several eentimeters and were rotated in places, whercas 

32 



E -W 
"' -

Fig. J.S .• A general ~iew ollhe ÍlII'tmed aliSlOs/mme (O), It'hiel! is OI'er/o;(/ 
olld underioid by Ihill beclded silicic/(/~·ti{· /urbidites (mndy flysch. folded 
and parlitllly i"verled) bdC)IIging IQ ¡he Eib{lr Fm. (EF.). NUl/lbers I ro 
6 (JU samples collcc'/ea lor datiJl8 pm-post!s. 
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Fig. / . JO A .- A rlelail oi ("{/rbO/Ulte IUrbidite blocks (C) wirl! bedded chef( 
(SIJ) inc/udeJ in t!re memioned olislmrrome (O). IJ. . A delai! oi silicificariol! 
(Sb) ill calcarenite (C) with nJIIl'o{lIle {amil/ufioll. Wlum the ~'ili("{/ wIlpply 
W(/S low, silicific(ltiOll was !,alfll)'. c.. Hedded (SIJ). nm/¡i/ar (Sil) chal am! 
chert ill !,oor!)"-del'e!oped {aminites (Sdl) replucing primar}' sedimenwry 
slnjCrure,~, T/¡ere II"(J,\' (/ migratiOlu/IId cOllcelllrarion oi lilic(/ in the amic/il/al 
cores oi um/J, /me lalllinatiolls. D. - 8e(/(le(1 chef( (Sb) rep/acing ami pre­
sen-illg lile prinlllry sedimentar)" stfllcwre.f, nl/! \'Olllle (/lid planar lamil/ariol/. 
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the carbonate host rock, only apparelltly, did nOI undergo these 
modi fications(fig. 1.11 A) . Someexamples show a weak rcrnobilili ation 
of thc sil ica around the chen fragments (Iig. 1.11 B). The bedded cheft 
must have been formed bcfore the complete lithification oflhe carbonate 
hos! sedimenl. Ncvenheless. we can also appreeiale a clcar fraclu ration 
¡lI lhe bonom of sorne calcareni le beds, with Ihe infilling offine mudslone 
Ihal belongs lo Ihe lower Te interval. 

(2) Chert in poorly-developed laminitcs.- In this outerop Ihere is abo 
chcrt in poorly developcd lamillites. wilh Ihe same morphological and 
pclrographical charactcristies mentioncd above. The sarnple cOlIsists 
of thin alternanting chen and limestone larninae produced by Ihe se­
leclivesi licificationoflheTbandTd intervals (fi g. l.ll C). Theformalion 
of chen in laminites was early. bul apparcntly nOI synchronic with Ihe 
foonalion of beddcd and nodular chen . because Ihe differcnt fibrous 
si lica texturcs (quanzine and chalccdonite respeclivcly) indicate the 
existence of silicirication under different diagenetic conditions. 

(3) .' racture-rclatcd chert.- Thc fonnalion of frac¡ure- rclatcd chcn 
was a late-stage diagenelic process Ihat took place after lithification and 
fr.lcluring of ¡he carbonate rnrbidite blocks inside the olistostromc, as 
a eonsequence of Ihe 1ast readjustment of Ihe turbidite blocks. These 
fraclures eross the beddcd cher\. nodular chcrl , and laminite-hostcd chcr\. 
Along these irregular fraclufc~, Ihe siliea-rich Iluids migraled and rcplaced 
Ihe carbonate host rock which had been alrcady lithi fied. 

The width of Ihe frac lure-related chen increases when ¡he 
fr.lClure passes from the tabular chen lo Ihe carbonate host rack (fi gs.I.11 
C,D). A clcaf remobilization of the early tabular chert near Ihe fraclure 
is visible . Fig.l.12 shows a schcrnatic pielure orlhe differcnt chen types. 
as ment ioncd in the ¡ex !. 

There are no texlura! differences in quanz in bedded-, nodular~ 

, and fraclure-relale<! chen. AII of them mainly consiSI of microqunrtz 
and cha1cedonite. The siliea contained in Ihis type of chert calllc fmm 
1ate-stage calcitization (ferroan dolomitc) of siliceous organisms or from 
panial remobi1izatio ll of silien in the bcddcd- and nodular chert. 
We have detecled barite by X-ray di ffraclion in Ihe fracturc-rclalcd 
chcn . 

Malhe)' (1987) a lso nOled Ihe presencc of aUlhigenic 
bari te in the carbomlte hosl rock in ¡he Plcntzia Fm. The presence 
of barite is consistent with Ihe occurrcnce of quartzine. which in 
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f'ig. / . / /. A. rrac/urcd and bn:ccialed bedded cherf (Sb). rile ca!carel/ife 
(C) here has 1/01 beell a¡¡¡¡arel/lly affecred B.- Fracfllred (jIui breccialed 
bedded C/¡NI (5/) wilJI a slI1all remobilizariol/ (/1/(/ recrYS/(lllizalÍol1 of Ihe 

cherl (Sr). e (/t/d D. - Fractures Cl"on-culling heddGd (Sh). /lodlllar (Sil) 
and I(/!/Iinite chert (Sdl). These fraclures were silicified al a laler slage. 
Note ¡lIe Ihickellillg nf fmcture-re/ated cllen as il eros.\·es Ihe carbOI1a/e 
hosl rock (C). 
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pelagie sedimenls appears ulways in assoc iation wilh aUlhigenic banle 
and in many pl llces wilh dolomile (Kccnc, 1983). 

el OXYGEN ANO eARBON ISOTOPle DATA OF THE 
PLENTZIA ANO EIBAR FMS. 

We h:\ve delernlincd lhe /)u e and /)" 0 contenls of22 samplcs 
(calcarcniles and /lIoceramll5 pri sms) taken from Ihe Pl entzia and Eibar 
Fms., in Ihe Barrika diffs (Table IV). Thesc dala have bcen plollcd 
againsl a ¡¡lhology seclion (fig.1.I 3) lo indicatc stratigrJphic Ircnds. 

Oxygen 3nd earban isolopie vnlues clcady show v3rialions and 
defi ncd Ircnds Ihrough fhe scquence. In general, Ihe «excursions» or 
spikes agrce wilh lhe al ready known eompositionnl diffcrcnces in Ihe 
bulk scdimenl. 

The variations of 51\!() values oblained fmm Ihe bulk sedi mcnt 
(calcareniles) are prob¡¡bly relalcd 10 ils burial diagenelie inOucnce. 
in rclalion wilh Ihe presence of more or Icss fcrronn ealcite cement. 

The oxygen isolOpic values of f IJOCerGIII1I5 pnms can be uscd 
for cstimaling palCOlemperalures. Ir lhcy sllow no di agenclic recry~­

lalliziLlion. lhcn. lhe ir oxygen isolopie values are considercd lO represenl 
lhe original environmenll11 signal of Ihe bottom waler (Schünfcld el 
al. 1991). BU1, if lhe oxygen ¡solopie eompos it ion of /lI oceranJl/S prims 
has mOTe negalive values Ihan lhe re lati ve bulk sedimen l, recryslalli­
zalion of skclelal carbonate under condilions of bunal diagencsis is 
suggcsled . 

The 5180 values obtained from Ihe Jnoceramlls prisms in Ihe 
Plentzia Fm. are generany heavier (wilh a mean of /)1·0 = -3.64 %0) 

Ihan Ihe bulk scdimenl (culcuren ile) wilh a mean of /) 180= -4.88 %<>. 
Por lhis rcason.lhe Illocerlll/lUS prisms can be considered by lhe momenl 
as unllffected by diagenesis. 

The palcalcmperatures of Ihe lower-middle Con iacian botlom 
waler, which have been calculaled by using ¡II0cerllll1//.S isotopic 
valucs and Ihe equalion of Yapp (1979) for Ihe Plenlzia Fm., range 
from 25.6° lo 33.7°C with a IllClIn value of 28.4°C. These lemperatures 
have been affeeted by an early diagenel ic modification, and are higher 
lhan Ihe valucs of I2-19°C (with a mean lempcrature of 16°C) oblained 
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TABLE IV,· Carbon and oxygen iSOlOpic values o f the Plentzia 
a nd Eibar Fms. 

SA!'YWLES O' lC%r(pnH) 

8 -26 Sandy l1ysch (E. E ) 
8 -25 Sandy l1ysch (E. F.) 

8 -22 Calcarenite (Olistost) (P.E) 
B· 19 Ca1carcnite (Oli stost.) (P.P.) 

8 -24 Sandy l1ysch (E.F.) 
8 -23 Sandy l1ysch (E.F.) 

8 -35 ¡IIocerallllls prisms (P.E) 
8-34 Ca1careni te (P. F.) 
8 -33 Calcarcnite (P.F.) 
8 -32 ¡IIocerall/lIS pri sms (P.F.) 
8 -3 1 ¡IIoCemll!IIS pri sms (P.F. ) 
8-29 ¡IIoceramllS prisms (P.E ) 
8 -28 Inocemmus prisms (P.E) 
B-27 Ca1carcnite (pr.) 

8 -15 Ca1carcnitc wilh chert (P.F.) 
8 -11 Ca1c¡¡renilc Wilh chert (P.F.) 
8 - 10 Calcarcnite w¡lh chert (P.E ) 
8 -8 Ca1cllrenile w¡lh chcrt (P.E) 
8 -5 CalcarCllile wilh chert (P.F.) 
8 - 1 Calcllrenile w¡lh chcrt (P.E) 

8-18 Ca1carcnite without chcn (P. P.) 
8 - 1 Calcarcn ile withouI chcn (P.F.) 

(E. F.) - Eibar FIll. 
(P.F.) - Plentóa Fm. 
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2.09 
2.34 

2.27 
2.18 

1.75 
1.87 

1.58 
2.11 
2.43 
1.46 
2.46 
2.23 
2.07 
2.19 

1.83 
1.30 
1.29 
1.79 
2.26 
2.23 

1.24 
0 .76 

o,g()<',{,cWOB) 

4.81 
-4.22 

-3.90 
-3.91 

-4. 75 
-5. 37 

-4.02 
-5.03 
-4.40 
-4.70 
-3.25 
-3. 17 
-3.06 
-5.23 

-4.72 
-5.60 
4.90 
-4.79 
-3.96 
-3.30 

-5.81 
-5.18 
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by Sehonfeld et al. (1991 ) for lhe Upper Crclaceous ChaJ k (uppcr 
Ca Olp¡mian-Jowcr Maaslrichlian ) al Ihe Lagerdorf seclion (NW 
Germany). 

In rcJalion \Vilhcarbon isolope n uclualions in peJagiccarbonalcs. 
we assume Ihm Ihe ól.lC values are unaffecled by diagenelic temperature 
:md Ihm Ihey are ind icati vc of palcodepth. Al a grea! scalc, Ihe negmive 
accidents are produced i n rcgressi ve phases, whercas Ihe positi ve evolulion 
corresponds \O transgressive phases, and Ihe anox ic evenlS (OAE) 
reinforce Ihe tran sgrcssive effecls (see Rcnard, 1987).lflhi s is corree!. 
theevolulivecurveofóuC values \ViiI be paralJel (O thesea-Icvel f1uctuation 
curves of Haneock and KauITman (1979) alld Vail et a l. (1977). 

In OUT C:lse, we can apprecimc importanl «spikcs» (fig. 1.I3) 
which coincide wilh Ihe lithoJogic varialions ;md de fined trends along 
Ihe sequence. [n Ihe Plentzia FOl., Ihereexists an importanl posilive spike 
rang ing from [.24 %0 to 2.33 %0 óUC between Ihe calcarenites wilhoUI 
chert and the c:¡lcarenites wilh chen respectively. and followed by a 
nuctuming trcnd lowards Ihe 10p of Ihe Plcntzia Fm. We interpreted 
thi s lrend as a transgressive evenl (opening Plentzia trough, Mathey, 
1987). The mean values from Ihe bouom to Ihe 10p are [ %0 
ó'3C (calcareniles wi¡hout chen), 1.8 %1> ólJC (calcaren iles wilh chen) 
and 2.24%0 ó'3C (calcarcnites associaled with lnocemmus ). AH these 
data suggcst a clcar decpcn ing of ¡he Plenlzia basill . 

Thc samples rrom rhe Eibar Fm. analyscd here have 
becn collected near lhe invcrtcd o!i Slostrome alld show a clear inerease 
lowards Ihe 10p. ( óllC = 1.8! 10 2.2 1 %0) whieh also suggeSIS 
a deepcning in the Orio T rough. 
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DA Y 2. LATE TURONIAN·LOWER 

CON IACIAN CARBONATE PLATFORMS IN 

NORTHERN BURGOS 

Aftenhe gcncralized Cenomanian -Turoni an anoxic evenl (O A E 
3) rnarked ¡he deepeslcpisode in the nord-Castilian domain, an importan! 
sea-Ievel relativc fall occurcd with the subsequent creation of shallüw 
carbonate platforms in which featufes indicating sedimentary fuplures 
are present. This siluation most likely corrcsponds lO the limil of 90 
m.y. by Wilgus et al. (1988). 

Neverthe1ess, othcrfactors possibly related to ¡he localteclonic 
activily have been responsible fOf sedimeutary gaps. In fact. several 
delails suggest aeJase relationship between the platform progradational 
geometries and ¡he synsedimentary diapiric movemenls. 

As a result of Ihis process, erosional surfaces, paleokarstification 
phenomena and rehe evaporitie textures are nOI uncommon in the series 
under sludy. During Ihe day, we will examine ¡hree sectíotls from W 
lO E: Cueva. Bedón Seclion and El Ribero, respectively (lig.2.J). In 
all of Ihem. several seqllence boundaries can be obscrved, suggesl ing 
conspicuous sea-Ievel changes. The diagenetic proccsscs associated wi lh 
¡hese sea-level flllctuatiotls . as we will see. are very complex and of 
a varied amure. 

THE HORNILLALATORRE, CUEVA AND 
NIDAGUILA FMS . 

The upper Turonian-Iower Coniacian sedimentary sllccesions 
in lhe Castilian platform domain are represented from ¡he bottom lO 
Ihe 10p hy lhe Hornillalatorre, Cuevaand Nidáguila Fms. (lig.2.2)(floquet 
et aL, 1982; F1oquet, 1991 ). The Hornillalalorre Fm. (100-150 m., 
middle lO upper Turonian) is composed by grey maTls. nadular limes­
Iones and nodular shaly limeSlOnes. lis fossil content is relatively poor: 
echinoids, bivalves (inoceramids and pectinoids), ammonoids and 
planklOnic foramin ifera. T hc unít represents an open platform, which 
can be eXlernal or dista!. from circaliuoral to infraliuora1. The transition 
10 lhe uppeT Cueva lirnestones is relatively gradual bul brief, and is 
represented by some shalJowing-upwards sequences. 
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Thc Cueva Fm. (50-80 m., late Turonian-curly Coniaciull) 
consists of wcll -hedded, fine to rncdium-grained calcarenite (pac kstone 
tO grainslone), which is massively -stratificd al lhe lower part (in one 
bank up ro JO 111 .) alld more discrete (a few meters) tuwards the topo 
Frcquentl y. Ihe characler of ils upper half is mixed belwcen marls and 
limestolles. Fossils are nOI .\bundant, bUI reprcsentative: corals, spongcs, 
pcct inoids, inoceramids, oyslers (Pycl1odome, some of Ihem appear 
silicified), miliolids, lituolids ¡md sume biolurbalions (Tlwlassinoitles 
). The lalter are particularly frequent al Ihe upper part of Ihe Fm. 

Locally. lhe Cueva Fm. is strongly dolomilized (El Ribero 
Member). a phenomellon Ihal will be analyzed during lhe afternoon 
(Amiot, 1982 ; .-toquet et al. , op.eit.). Part icularly, in Ihe neighbour­
hoods of Ihe Rosfo diapir (El Ribero sector), the Cueva Fm. carbonates 
sho\\.' progradational morphologies (dinofonns), which will be inter­
preled in the forthcoming pages. The features oflhe Cueva Fm. mcnlioned 
¡¡bove seclII 10 be conciliable with an external open plalfom1 environ mcnt , 
since it includcs very characleristic lidal facies (cross- lanlÍnmed and 
cross-beddcd bioclasliccalcarcni lcs). Ilsconl:lct \Vith Ihe uppcr Nidáguila 
Fm. is lypically sharp or poorly-gradual. In sorne points, the nadular 
chert is frcqucnt bUI nOI particularly abundan!. 

Thc Nidáguila Fm. (70- 120 m .. Coniacian 10 lower Santonian) 
is largely composed by grey-bluish marls '\IId shaly limcstoncs, which 
sorne times bcar glauconile and conlain oysters (PycnoJome). cchinoids. 
bryozoans, amlllonoids. gaslropods alld brachiopods. Its thickness 
dccreases towards Ihe sou¡h, bUl Ihe lilho- ami biofacics are praclically 
Ihc same along Ihe wholc outcrop area uf ¡he uni!. The Nidáguila Fm. 
seems to reprcscnt again dceper conditions: an exlernal open platfonn, 
infra Blloral to circalilloral. Only sorne oysters and inoceramids are 
partially silicified and Ihe m)dular chert has not becn detected in Ihis 
uni!. 
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MORN ING: 

FIRST STOP (2.1) : THE CUEVA SECTlON 

A) SEQUENTIAL ANAL YSIS 

The analysis of carbonate depositional sequences and systcms 
can be made according lo ver)' different points of view. However, as 
a result of ¡he necessily lo unify criteria wilh regard lO depositional 
sequcnces (vertical facies associations) and depositional systems (lateral 
facies associations), Ihe philosophy of Ihe so-callcd ,<Systcms Tracts» 
has been recenlly reconsidered (Van Wagoneret al. , 1988). In Ihis vicw. 
a depositional systcm is a Ihrcc- dimensional asscmblage al' 1ithofacics 
(Fisher and l\'lcGowan, 1967) and a systems trael is a linkage of 
contcmporancous dcpositional systems (Rrown 31ld Fisher, 1977) . The 
latter are produced as diffcrcnl cnvironmcntal associalÍons in accordanee 
with succesive sea-leve! ehanges regardless of whether lhey are euslalie 
or nOI in origino For lhis reason, we can distinguish lhe Low Systems 
Traet (LST, indieative of a sea-level fa11), the Transgressive Systems 
Trael (TST, produeed during a releval1l marine Iransgression) and the 
High Systems Traet(HST, indicativeofthe highest sea-level). A complele 
interval LSTffST/HST is separated from another by a scquence boun­
dary (SB). can may Of may not show erosional features. Sorne S8 's 
are represented by paleokarst, subacrial cxposure surfaees, dessieation 
eraeks. etc. The sedimentar)' and petrographic data allows us lO identify 
¡hree depositional sequenees (DS's) limited by sequcnce boundaries 
(SS's) which are easily identifiable along the whole visited arca. 

The lowef depositional sequenee (OS O) is represented by lhe 
Hornillalatorre Fm. and constitules an episode indieati ve of maximum 
depth (HST O) during Ihe whole Crelaeeous, and assoeialed with an 
important anoxic event during lhe Cenomanian-Turonian limit (OAE 
3, Jenkyns, 1980; Renard, 1987). The IOp of Ihe HST O is the first 
sequence boundary (S8 1) (tig.2.3). lt normally marks the limit belween 
lhe Homillalatorre and Cueva Fms. However. in Ihe type-area of the 
Cueva Fm., lhe (S8 1 ') sequence boundary mentioned above is localed 
inlra-Cueva Fm .. 11 is irregularly-shaped and eharaclerized by fast 
limestone/marl transitions. The depressions are filled by marls. tabular 
sandy limestones and ealearenites whieh lop coarsening-upward sequen­
ces al a melrical scale. This faet suggests tha! lhe S8 l ' in the Cueva 
section corresponds lO a submarinc uneonformity surface wilhout overt 
signs of subaerial exposure (lig.2A). 
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l he HSl [ (OS [) is represenled by Ihin-bedded somelimes 
biolurbaled sha[y limeslone allhe bortom. Towards lhe top, lhere are 
calcare ni les and bioslromic limestones. The calcareniles include oyster, 
echinoderm and inoceramid fragments. Some marllsha[y- limestoncl 
nodu[ar -limcstone shallowing upwards cycles can also be observed. 
The HST 1 is characlerizcd by framework bioconstruction features: 
partially-dolomitizcd coral bioslromes (up 10 25 cm. thick), which 
[alera[ly intertongue wilh bioclaslic grainstoncs. Sorne hyppuritid shells 
conlain micrilic alld bioc1astic- brecciated infillings which suggcsts Ihe 
former occurrellce of erosiona! and destructive proccsscs from SLOnns 
andlor wave aClion relaled 10 sea-leve] changcs. A cross-bcdded [imes­
tone body which bears corals and rudists and shows a lruncaled lúp 
secms 10 have originated from a bioherm flank whieh has suffered from 
in tense crossive aelion . This eroded IOp eonslitutes the SB 2 sequcnce 
boundary . which i5 onlapped by lhe DS 2 sediments. It Is nOleworthy 
rhat rhe S8 2 in all lhe visiled arca invariably shows erosiona! features. 
thm is. lruncation surfaces, irregularsubstrmes alld sometimes paleokarstic 
cavities. 

The DS 2 scquence has a marked sandy characler. ils general 
trend is organized in shallowing-upward cycles. Ihe shallowest facies 
appear just near rhe extreme top of lhe sequence. In Ihis part of lhe 
sequcncc, there is eady nodu[ar chert ( nodules up to 25 cm. in diameter) 
from selcetivcly si[icilied 7halassinoidcs burrow networks. 

Olher subvertical and ring-like shaped bioturbatiOIlS show a 
glauconitic coating covering Iheir externa! walls. lhe glauconil izalion 
is panieu!arly observable at Lhe top 01' the DS 2, specilically. in 
cakareniles strong[y sIY[O[ilizcd in paralle[y lo slralification planes. 
The cakareniles also contain oysters. inoceramids. pectinoids and 
aml11onoids. Some geopetal fabrics that affccl bivalvcs can be found 
as we!!. 

The very lop of this sequence is the SB 3 , whieh may be 
assimilated to that of 88,5 m.y. by Wilgus et a l. (1988). Sorne \Vell · 
[aminaled calcile spe[eo¡hel11s have been found in associalÍon with Ihe 
SR 3. As we wi[1 see, the existence of dolomile in Ihese spekothems 
[eads us lo think 01' ancient karstification processes. The SB 3 prcludes 
a sharp ri se of the sea-level whkh characterizes Ihe DS 3 sequence 
(Nidágui la FI11. , Floquet et al., op.cit.; noquct, 1991). 
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8) SILlCIFICATION 

The pClrographic evidcnce is intimatcly rclatcd 10 lhe 
palcogcographic and paleoecological contcxts. Thc silicirication pro­
cesscs are conspicuous in Ihe shallowest arcas. and appear associ<lted 
with bioclastic ca1carenitc bcds (grainstones) al lhe IOp of the DS 2 
(fig.2.3) . The chen appears in several ways: 1) big nodular chert , 
as much as 25 cm. in diameter, somc of il corurolled by pre-cxisting 
T/w!assinoides burrow systems; 2) partía] or total selectivc rcplaccmcnt 
01' Pycllodol/te shclls. 

The thill section analysis of lhe nodular chen chidly reveals 
lhe presence of micro- and cryptocrystullinc quartz along with fibrous 
varieties (chalcedonilc) which infill small cavities. The si¡icification 
is an cady and sclcclivc rcplacement. which preserves Ihe organisms 
induded in lhe sedimenl (foraminifers. sponge spicules, etc.) wilhoul 
a previous strong compaction. A biogenic source of the si lica (Opal 
A) seems lO be lhe mOSI plausible one. if we consider Ihe abundance 
of diffcrent types of siliceous sponge spicules preserved within lhe 
nodularchert. Evidence ofOpal Cl precursors. such as quartz-replaced 
Opal CT Icpispheres and rim cemenlscan be found CMali\'a and Sie\'cr, 
1988 b). 

It is possible to appreciate lha! individual euhedral limpid 
cryslals 01" dolomile appear inside lhe microquartz mass. Somelimes Ihey 
have been complelely replaccd by microquartz, bul always show a limpid 
rhomboidal section. 

Numerous Pycllodonre and sorne lnocerwl/!u bioclasts 
are selectively affecled by silicifieation at Ihe 10p 01" Ihe Cueva Fm .. 
Al so. these biodasts are included in Ihe limeslone beds oflhe Nidágu ila 
Fm. In the Ihin section analysis. Ihe I"ollowing fabric Iypes can be 
identilied: 

a) Individual spherulites 01" quartzine·lutecite, replacing fo ­
li aled microstructure. 

b) Concentric fings of quartzinc-lulccite. known as beckitc 
(defined by Hughs,1 889). These rings appear as a series 01' ridges around 
a central papilla. 

c) Fine textural replacement by megaquarlz in periphcrical 
zones 01' silicificalion. The replacement is partíal: there is no complete 
dissolulion foBowed by a filling , since we cun see : 
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- l¡lminar inclusiolls insidc quartzille-Iutecite sphcrulites. with 
continuance oUlside. 

- Ihe morphologies and oricl1\<Hions of quanz cryslal s suggest 
Ihe absence of open cavilies in Ihcí r developmcnt. 

- ¡he exislencc of Quarlzine-lulecite is chamcleristic of repla­
cemellt in skeletal fo ssi l fragmellls. 

SECOND STOP (2.21: THE SEDON SECTlON 

Al SEQUENTIAL ANALYSIS 

Qnc of the lllOSI outstanding differenccs between Ihe Cueva Fm. 
carbonales al Ihe Bedón seclion and those of Ihe Iype-scction is Ihe 
existence of progradal i onal morpho log ies a ppeuring as e I i Ilof orms genll y 
dipping an ¡¡ngle 01' ¡¡boUI 4_50 [Owards Ihe W (fi g.2.5). This slyle of 
presentation is somcwhat similar to Ihe one in Ihe El Ribero carbonale 
platfoml Ihal we will see in ¡he aflemoon. just al Ihe opposile side of 
Ihe presenl oUlcrop area of Ihe Rosfo diapir. Thus. ¡he clinoforms 
observed al local scale suggesl ¡hm Ihe pcnecontempor.meo us move­
ments of the Rosío diapir closely innuenced Ihe carbonate dcpositional 
mooels (Meiburg el al., 1984). 

The DS O sequence is weH oUlcroppcd along the road from 
Quintanaedo 10 Ihe TV. slatio n jusI at lhe head of the Bedón Mountain 
(fig.2 .1). Thc OS O seqoence is composcd by marls and nodular marly 
limcstones. and il bcCOlllCS more caJcarcnitic lowards the IOp (fig.2 .3). 
The SB I is a very fla! horizon which bcars scurcc sma]] quarlz geooes 
and some paleokarstic cav ilíes in association wilh speleolhcms. 

The HST l (DS 1) is composed by a cross-bcdded series at 
Ihe topo coarse-graincd calcarenitcs which induJe well-developed nodular 
chen. as well as scarce small quartz geodes. Similarl)' 10 Ihe Cueva 
seclion, Ihe SS 2 is a truncation surface. bUI occurs in a~sociation wilh 
paleokarsliccavilies. As wewill Illention laleron. thecarbon andoxygcn 
isotopíc composition of the spc leolhem ca Id te indicale ¡he forrncr 
presencc of a fresh-wmer environmcnI. In Ihe southem pan of Ihe Bedón 
Mountain and close lO Ihe Rosío diapir. an imensive dolomitization 
which affcc!s a greal part of the DS 1 shows features Ihat illdicale 
sch izohaline environments (Folk llnd Siedlccka, 1974) which are ver)' 
similar 10 Ihose recognized in me El Ribero Member. The SB l surface 
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!lli.ly be intennediate between the D 2 :md D 3 crisis by F loquet el al. 
(1987) and probably coincides with Ihc l¡mit of 90 m.y. estimated by 
Wilgus et al. (op.cit.). 

Thc entircly calcarcnitic OS 2 sequence is composed by cross­
bedded series at the base, cross-laminated beds at the top, tabular 
grainslones which are the host mck foren larged, conspicuous]y flauencd, 
silica nodules. some of which show Liesegang rings. At ¡he very topo 
lhe cross-laminatcd calcarenite eontains very coarse detrital quartz grai ns 
suggesling a beach envimnment (foreshore). The IOp of the last calca­
renile bed marks lhe SB 3 sequence boundary. 

B) SILICIFICATION. 

The silicification in ¡he Bedón section sediments appears 
in several ways: 

1) hig chert nodules, sorne 01' which are controlled by pre-existing 
Thalassinoides burrow syslems. 

2) seleclive anhydrilc nodule replacemenls developing quartz geodes. 

3) selective rcplaccment uf uystcrs (Pycl/odonte) and Illoceramids, 

The nodular chen in the Bedón section appears imme­
di<ltely over the SB l' and follows along lhe DS 1 and DS 2 sequences. 
Unl ike this early man ifestatiol1, in ¡he Cueva section, the firsl occurrence 
of nadular chert is over Ihe SB 2. This d ifference in lime suggests a 
greater diapiric inlluenee in Ihe former area. 

The appearance and deve10pmenl of Ihe nodular chen 
reasonably coincides in lime with Ihe so-cal1cd «be1t ofmaximum flinh) 
near Ihe top of the Turonian in lhe English Chalk and Lhal of Northern 
FranceandNorlhern Germany (Mortimore and \\'ood, 1986), The bricf 
time of deposilion of lhe sediments Ihal conslÍlule lhe Cueva Fm. and 
lhe limited number of nodular chert horizons are nOI in disagrcemenl 
with ¡he possibility poi nted out by Ehrmann (1990) abolll lhe rela­
lÍonship between the rhythmic occurrences of fI i nt 1 ayers and lhe variations 
in Ihe earth's orbital paramclcrs (M ilankovitch cycles). 
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The thin scclion analysis of the nodular ehen and se lective 
oyslers replncemcnl revcal s vcry simil:lr fabrics ,lt fhe Cueva $ecfion 
describcd below. 

Thc rllnnalion of slI1;111 quanz gcodcs (caulinower-likc) is a 
charactcri slic di agenclic proccss in Ihe Cueva Fm. sediments. The ~rn<lll 
qUaltzgeodes c<ln be abulldanl ly fOllnd belowtheSB l ' andexcepcionally 
delected a few melers above Ihe S8 l' al Ihe Bedón section. 

The quartz geodes are spherically- 10 subspherically- shapcd. 
ílnd correspond 10 Ihe «caulinower» type of Chowns and Elkins ( 1974). 
Thcir di:¡meter varies from 1 10 several cm. and ¡mide. we can observe 
tompacl masscs of carbonate I1lling lile inner void as a ¡afer process. 

The silicificalion proccss is rcpresenled 011 lhe geodes by 
scveral r..llher concentric bands. which can be brieny dcscribcd from 
Ihe outside 10 the inside ¡IS follows: 

1) A mcgaquarb: bal1d wilh heleromelric crystals (puzzlc-like shapc). 
with undulose cXli nctioll and suturcd boundaries. becomes rccti linean. 
Th is band which acquircs a quasi- polygonallexlUrc is vcry uncommon 
lO find. 

2) A band of qlla r fzillc amllutcdtc sphcrulltes. lT1uch more dcvcloped 
Ihan Ihe previous one, and wi lh a clear illlergrowlh of lhe sphcruliles, 
until Ihe)' rcach Ihe inncr bando Thc spheru1itcs reach a size of 1·2mm. 
with more Of less irregular shapcs . Sometimes.lhc nudei present a clear 
1¡ne.lr disposition. 

3) A megaquart7. band which can be generaled dircclly from lhe sccond 
band as a eonsequenec of Ihe conlinuous growlh of lhe quartzinc and 
1ulecite fibres: usually lhis growlh is gradual. showing ¡he process slep 
by slep until lhe leXlUre of Ihe prismalic ane! long mcgaqu<lrtz ends in 
pcrfeelly ddined faces. 

Many pctaloid megaquartz eryslals with inclusions and eubic 
seclions are found. In Ihe megaquart1.: cryslals, we find many di fferem 
typcs of inclusions: a) S111all anhydrile inclusions which foll ow no fixed 
pallem can be e ilher homogcneous ly spread in lhe megaquartz, or lcave 
a fine ele.m exterior rlm in lhe euhedral sections. b) lnel usions of 
anhydrile concenlralcd in Ihe nucleous of the megaquartz wilh poligonal 
tcxlures. e) Undelcnnined opaquc-browl1 color inclusions. which are 
probably Ihe rcsuh oforganic residues im:ludcd in Ihe primilive anhydri­
te. d) Largc individual carbonate (dolomilc) cryslal inclusions. somctimes 
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sphcrit¡¡lIy-shapcd. and isolated. The c¡¡rbon,lle cryslals scem 10 derive 
rmm un carlier de\'clopmc:nl and have sllla)]er anhydrile inclusions. 

The quartz geodcs are eonsidered Ihe resu]! 01" ¡he replacelllcn¡ 
amI void filling of pre\'ious anhydrite nodulcs by different texlur.ll typcs 
of quartz. dunng aeomplex diagenelie process.ln Ihis seclion. Ihe geodes 
are associated jusI bclow Ihe S8 l' which is a good indicalOr of Ihe 
shal10wing upward ¡endeney of ¡he DS 1 sequenee. 

SI T"", a $ 1 8e"",Di 
~rm"Q~r ( X MII" e) 

LUNCH: LOS ROBLES RESTAU RANT 

AfTERNOON: 

TH IRD STOP (2.3): THE EL RIBERO SECTION 

The Cueva Fm. is inlense!y dolomitized in a specific are,luear 
¡he El Ribero ¡own (tig.2.1). The diagcnelic l¡lteral change ofraeies from 
dolomilizcd 10 non-dolomi¡izcd rock is casily idenlifiable from ¡he 
parking of Ihe «Preciado» Restaurant. For Ihis reason, Ihe «Dolomías 
de El Ribero» (El Ribero Ool0111ile) has been cmegorized as a membcr 
or Ibe Cueva Fm. by FIO<IUCI et al. (1982). Thesc aulhors have proposcd 
¡he hypothesis ¡ha¡ ¡his mcmber originalcd rrom Ihe uplift of ¡he Rosío 
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d i¡tpir. As wiJl be sccn. several sedimentary and diagenclic fent ures 
do nOI conlradicl Ihis idea. bul Ihey lell us aboul a very complex 
deposit ional history. In rmy case , Ihe El Ri bero arca is cruc ial fo !" nn 
accurate enlighlcn ing of lhe carbonale deposili onal modd s and their 
evolution during Ihe uppcr Turoninn-lower Coniacian intervul. 

A) SEQUENT IAL ANAL YSIS 

As in Ihe 11.','0 fomlcr stops. \Ve have estubli shed a sequcntial 
arrangemcnt according 10 Ihe Systems Tructs Iheory propo~cd by Van 

Wagooner et al. (1988). The field and microseopic evidence allows 
us lO idenlify three depositional sequences (DS). which corre late wi th 
Ihoseofthe Cueva :lnd 8edón sections and are limiled by Ihreesequence 
boundaries (S 8 ) (fi gs.2.6. 2.7). some ofwhieh show erosional OUlli nes 
and pcrhaps not all of which are rclated !O pUTe eustalie sea-level 
ehanges. bUI locaL diapir-ori ginated ones. 

The lower dcposi tional sequence (DS O) (fig.2.6) includcs, al 
the bottom. the deepest m:.lrly facies of Ihe uppcr Cretaceous sedi rnenls 
in Ihe Navarro-C:mlabrian domain (High Syslcms Tmel. HST O. Hor­
ni llalatorre Fm.). They are lopped by melrical -scale shallo\Ving-upwards 
eycles (fi g.2.8, stuge 1) that contain ech inoderms and oyslers ¡Uld show 
an inlense bioturbation. J US I al Ihe IOp of Ihe HST O (DS O). Ihe fi rsl 
seqllcncc boundary (5 8 1) is represenlcd by irrcgular surfaces showing 
several palcokarslic cavili es (lig. 2.8, slllgc 2), which suggeSIS a ft rsl 
episode of rclative sea-leve! faH (Low Sysle rns T racl. LST 1). The 
isolopic data (C/O) of 3 we! l-laminaled e:Llcisiltile fi ll ing Ihe karstic 
c3vit ics suggcsl adcposit ion in a meteoric wmerenvironmenl. This facl. 
logether wilh the erosional and sli ghly ungular eharaclcr of Ihe uneon­
formi ly. and Ihe fo rmaliQn of small quanl geodcs o f Jcss than 1 cm. 
in diameter. indicates a typc I SB whieh is cJearly correlülcd with 
tha! of 90 m.y. by (Wil gus et al., 1988). 

Thc HST 1 (OS 1) is very well dc"eloped. It is characterized 
by ,111 organizauon in cJinofomls or progradalional lllorphologies ge+ 
nerally dipping t oward~ Ihe N und NE (lig.2.8, stages 3 to 6). On 
Iheolhcrhand , opposite and variable incl inalions in some places ind icale 
substrate tiltings possibly rclaled 10 the halokynclic movemcnts of the 
adjacent Rosíod i:Lpirie zone (G arcía-Garmilla alld Elo,l.3, 1989). Sorne 
minor gaps in the c1i noform syslem also elLn be deleeled (fi g.2.8. slage 
5). The prcsence of abundant nodular chen is remarkable in differenl 
horizons. particularly in the nonhemmosl cli no fonns (El Ribcroq uarry) 
(lig.2.8, stage 6). Close 10 Ihe presem-day diapiric arca. there i~ an 
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oftht firo clinoji",ru.. 1M tarlltll "liro n"J~II'J ,'"',.. prohtJb'-',/ormtdalllúJ; i1"~ 5: 1M LST , 'ronlaitu 
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dr~JlfIr¡"~ ¡n II,~ mlim~nll¡n' Sf/l¡n,~ 

65 



4.HST 1 

N-t,-----------------------Sr.L~t· s 
FIn! dinoform~ 

DSO 

t 
OSI 

S8 I 

P=","IN:::od:",";;;'· '~~"~i~~~~!~;~ DS 1 

, 

S 

sn ¡' 
DSI 

S.L. 

66 



7.LST2·LST3 
TOp·lap ""IuellC(: 

8. TST3 
N-.,--------- -----...... ~ S.L. 

DSJ 

SB' 

DS' SB' 

DSI P=:SI SB1· 

S81 

oso 

67 



inlcnsc dolomilizalion affecling severallens of meters of the sedimcnlary 
pile. but lhe sedimentary strUClUres (cross-lamination and truncalion 
surfaces) denoling a shallow high-energy environment are optimally 
preserved. 

Several diagenetic features point out a general schizohaline 
environment in the sense of Folk and Siedlecka (1974). On Ihe one 
hand. the hypersalinity condítions are represented by small quartz geodes 
including megaquartz with relic anhydrite laths. 1cnglh-slow eha!ccdony 
and very fine crystal line dolomile. On the olher hand . the euhedrallimpid 
dolomile crystals. lhe coarse poikilitic sparry caleite (sometimcs as 
nodular shapes wilh radiaxial fibrous crystals) and Ihe zoned dolomite 
are considered as having originated under hyposaline regimes. As we 
will see later on. the carbon amI oxygen isolopie composition of radiaxial 
ca!cite reinforces lhe evidence for a fresh-water input. These schizo­
haline condilions could be in close re1ationsh ip wilb Ihe local diapiric 
movcments described by Mciburg el al. (1984). 

lhe OS 2 sequence is represented by a subhorizontal ealcaren ile 
top-lap. which líes directly upon the clilloforrn system of lhe HST I 
as an angular unconformity surCace (S 8 2) and represents a relative 
stillstand of the sea-leve! (lig.2.S, stage 7). The OS 2 evolves to a 
thickening outward offlap (Bosellini, 19S4) lowards Ihe northern area 
(Valle de Mena). 11 is composed by upwards-shallowing cycles ranging 
from ill-structured limes tone beds at lhe boltom to cross-laminated, 
bearing plenty 01' bioclasts - corals. eehinoderms, spollges. oysters and 
other bivalves - ca1carenite beds crowning lhe sequence. At ¡he very 
IOp, the shallowing features are conspicuolls: small quartz geodes and 
quartz-filled dessication cracks in differenl horizons characlerizing Ihe 
SB 3 sequcllce boundary. This limil may be assimilated lO that 01' 88.5 
m.y . c1aimcd by Wilgus et al. (op.dt.). 

Finally. the following OS 3 depositional sequence (tig.2.8, 
stagc 8) denotes a sharp ri sc of Ihe sea-level, and its background 
sedimentationlargely consists 01' marls bearing ec hinoderms and oysters 
(Nidáguila and Losas Fms.) . 

Bl SILlCIFICATION, OOLOM ITIZATION ANO 
CALCITIZATION. 

Three main diagenetic proeesses have been detected: silieifi­
calion. dolomitization and later ealcitizlItion. Possibly. Ihe former is 



[he earliesl one. The nooular chert shows microscopic and megascopic 
eharacleristics whieh suggcsts un origin prior 10 the compaelion of 
¡he host sediment. The sourcc ofthe si li eu is c1carly biogenic. This c1ai m 
can be supported by n numbcr of si liceous sponge spicules preserved 
inside Ihe ehert nOOules. 

The silica can be found ullder differcnt forms: 1) rcplacing 
corals, sorne of Ihem in living position: 2) as chert nodules, rclali vely 
scarce in the cenlrnl pnrl of lhe El Ribero arca, but bener rcprcscllted 
towards Ihe south in Ihe lower series and Ihe north in Ihe upper scries 
of OS 1; 3) quartz geodes along the SB Innd S8 3 surfaccs including 
anhydrite lmhs. They also appear in Ihe cenlral part of rhc stratigraphic 
seclion (S8 1') in association with silicified comls. There is also silica 
rcplaci ng mud-eracks whieh bears evapori lic prceursors in rclalion 10 

S8 3; 4) silicified oystcrs (PycllodoIllC) :lIld lnoceramids. In a few cases, 
IWO generations of «bcekilc» are observnble. 

The exlensive dolomilization is an exclusive process rclnlcd 10 

Ihe Rosío diapiric area. This leads us \O think of a progrcssive shallowing 
trend as a result of Ihe eonlinuous halokynelic movement. as daimed 
above. 

The obse ure fine crystalline rhombohcdra mosaies are Ihe 
commonest type of dolomite, whose Iluclei are frequenlly surrounded 
by limpid dolomi le rims. This late limpid dolomite can be seen as isolmed 
euhedral crystals surrounded by blocky or l)Qikiloblastic caleile. In olher 
cases. Ihe nudei are comed by altemalillg gcncralions of very minute 
bands oC calcitcldolomile. 

Finally. the spurry and poikiloblastic ca!cile togcther wilh Ihe 
coarse-crystall inc rad iaxial calcite nodules represent the latest diagenelic 
phase and indicale ¡In important mcteoric waler input, as will be 
sccn below. 

This inlenseca1ci ti zation proccss fundamentally affecls the DS 
sedimcntary pile , which is limited from Ihe SB2 to Ihe S8 I 

surfaces in Ihe El Ribero section. 

ISOTOPIC DATA 

In order 10 confirm Ihe obtained general pclrographic 
information , we have analyzed the oxygen and carbon ¡solopie com-

69 



"'on ' .. 'oDlC .... 
O Co lu ... n ~ Col .. mn l' O(olumn 1 1 Col .. mn 11 A ( olumn 11 [ o l .. mn 1 4 • , I O • , • Host-rock 

• 
• Equant enleite 
, O "!f> PoikUoblaslie l"'J lcite 

., O 'bll 

., , 
· O> . u , . . • • ,.'0 . , O 

Fig.2.9.- Isolopü' da/a ¡mm ¡he Bed6/1 .I'f!clioll . 

El . I~ .. o lo otoplC G'" 
OCol .. mn} Col ..... n 4 O Col ..... n 1 Column' 6(0lumn IS Colu mn 16 • , 

O 

, 
• 
• , 

., o 
, ., 
' 0> ·u 

.... HOSI·rock 

00 Paleokarstic inlillings 

"'0 
09, o Poikiloblast ic calcitc 

., - 6 - 4 ,''o ., 

Fig.2. /0. - Isu/opic lJala ¡rO/JI rhe El Ribero seclioll. 

O 

, 

, 

70 



posilion of 19 samples of ¡he Bedón section ¡md 18 samp1csof EI Ribero 
seclion. 

[n ¡he Bedón scction, we have una[ysed: Ihe murine 
limestones (host rock) with a high con¡~nl in marine fauna (3 samples); 
the cquanl ca!ci te ( 4 s:un plcs) in association wilh synsedimentary 
fr..¡ctures in the dolomi¡izedarea; and 12 s¡unples of poikiloblaslic calcite. 
which constitule the mOSI imponanl evidence of Ihe late slrong cal­
citization undergonc by Ihe sedimentary pile. 

The values 8]!0 and 81lC plotled (fig.2,9) are includcd 
¡nside ¡he meleorie eelllcnls o f Enewetak Aloll arca (in Moore, 1989) 
wilh SIll¡¡1I 8,80 vari¡¡tions and I¡¡rgc 81lC varialions characleristic of 
meteoric diagenesis. T his lrend follows Lohmann's meteoric calcile line 
(tolummn, 1988). 

l he mean ¡solopie values are liS follows: 
Hosl rack ( 8 180 = -6.56%0; 8 '-' C = -0.29"k~ ); 
Equant calcite (8 ISO = -7 .49 '¡fe; 8 PC =-7.28%.:): Poikiloblasl ie calcite 
( 8 I ~O = -6.49'k(:; 8 '1(: = -8.79 %0). 

Wi¡h rcgard 10 Ihe El Ribero seelion, 18 s¡¡mp[es have bccn 
analyscd and the resulting values, 8]KQ and 8"C, have bcCIl plolled. as 
illU Slratcd in (fig.2.10): ¡he marine limcstoncs (hos! mck) (6 samplcs): 
¡he palcokarslic int"illings bclow Ihc SB [ (2 snmples): ,md Ihe poikiloblastie 
ealcile direclly associaled wilh ¡he late ealcil ization ( lO samples). 

T he menn i~olopie val ues are the following: 

HO~I rock (O ' ~Q= -6.76 %0: óllC= + 1.61)<''{¡,;): 

P:lleokarstic inl1llings (OliO = -8.48%(:; 8 ' l C=_5.23 'kv) : 

Poiki loblastie enleite (8130 = -7.38 %0; 8"C= ·9.05 %0). 

The ploued values are included in Ihe arca ofthe 111cteoric 
CetllClllS of Enewetak Atoll, with S111al! variations of 8 I ~O%O ¡¡ne! wilh 
more important variations of 8 1JC. .... ko, whic.:h are charac.:leri stic of n 
meteorie diagenesis Ihal alTeclS Ihe marine sedimentar)' pire. 

It sccms obvious that ¡here c,"(iSIS a genelie rclationship 
among Ihe poiki loblaslie and equanl ealei¡e o f Ihc Bcdón seclion and 
!he poikiloblastic ealcite of ¡hc El Ri bero seelion, al! of whieh wcrc 
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originaled during Ihe lutest culcitizlltion process associaled with 
a dominant meteoric water input. 

E/ Ribero The A/varado - Ve/osco 
(XVth cJ 

DAY 3: THE PLATFORM MARGIN AND THE 
TRANSITION TO BASINAL 
ENVIRONMENTS 

THE VALLE DE MENA, RIBERA ALTA ANO LOSAS 
EMS.. 

There are certain fac iological di fferences belween Ihe upper 
Turonian-lowe r Coniacian carbonates in Ihe North-Castilian platform 
and Ihose more or less equivulent in uge in Ihe Navarro-Cantabrian 
Trough (fig.O. I), A scheme of correlation between the Turonian-San­
tonian Fms. in the reg ion can be seen in Iig.2.2. Basically, the Fms. 
in Ihe Navarro-Cantabrian Trough seem to have been dcposited in 
environmenls deeper Ihan thci r cquivalcnts in the Northern-Casl ilian 
platform, nevertheless. the local inOuences of lectonism and diapirism 
could poss ibly have playcd an important role in rhe mechanisms of 
sedimentation and/or biogenic produclion of carbonate. 1 n facI, the fossil 
content in Ihe sedimenls is not particularly abundant, but notably in­
creases in Ihe relalive paleotopogmphic «highs», in which sponge and 
coral build-ups and framestoncs are wcll-rcprescnted. For Ihis reason, 
il is d ifficult to identify the cxact poi nt of transi lion between Ihe t \Vo 
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leclo-sedimetltary domains. Be Ihar as it may, Ihe excufsion this morning 
deals with distuJ platform environments and their intertonguing with 
basinal ones. 

The uppcr Turonian-Iower Coniacian scdimcllIary succesions 
in the Navarro-Cantabrian domain are rcpresented from the base lo the 
10p by Ihe Valle de Mena, Ri bera Alta and Losas Fms. (A miot, 1982). 
The Valle de Mena Fm. (250-1300 m .. Turonkm save earl)') is largely 
composed by shaly and sandy limestones and marls bearing inoceramids 
and globolruncan ids. Its maximum lhickness is in the ncighbourhood 
oflhe Angulo mOllntain pass. On the other hand. near the Bercedo village. 
lhe Fm. is only 250 m. thick. Probably. thcse sedi menls were deposilcd 
in a relativcly deep slrongly-subsiding basin. 

The Ribcm Alta Fm. (120-150 m., lower Coniacian) is by far 
the most spect'H.:uJarofthc three Fms. oflhe Turonian-Coniacian intervaJ 
in the Navarro-Cantabrian Truugh. Thi s Fm. slands OUI conspicuously 
belween Ihe El Ribero section and the Subijana village. From thi s point 
10 Ihe E. the Fm. latcmlly ¡X1SSCS to Ihe Zadorm Fm. (fig. 2.2). The 
lalter is indic:ltive of a deep basin cnvironmellt which includes turbidite 
beds. Thus. in Subijana. we can observe the Ir:lns ition from Ihe distal 
platform (Ribera Alla Fm. ) to Ihe bllsin (Zadorm Fm.). The Ribera Alta 
FIll. is composed by biodaslic limeSlones and eaJcarenites which al­
temale \Vilh vcry few and scarce marly episodes. Oyslers (PyclIOlJome 
), Inoceramids, ¡:N!ctinoids. lilUolids and miliolids. logcther with coral 
and sponge fragmcnts are Ihe most reprcsentative fossil s in this uni\. 
The morphologicaI, biofaunal (Ind sedimentary dara Icad us 10 think 01" 
a vef)' widespread distal platfoml setting for Ihe Ribera Alla Fm. 
Furthermore, the licld observations allow us 10 condude that the 
developmenl oflhe carbonate platform was Ihe resull oflhe l hicken¡ng~ 
outwards uf Ihe top-Iap al Ihe upper part of the El Ribero platfonn 
(García-Garmilla and Elurza, 1989). As we can see in Ihc Subijana 
scction. the massive aspect of che carbonate b,mks becOIllCS in mound­
shape morphoJogy wilh fasl lateral developmems lowards ussociated 
facies. 

Finally, lhe Losas Fm. (360-550 111 .. lower Coniacian-lower 
Santonian) contains a high rali o of finc·grained carbonates. AClually, 
Ihis Fm. incJudes marls and marly limeslOIlCS thal bear ammonoids, 
inoceramids and planklOnic foram inifem. lts maximum thickness is 
located W of Ihe Villalba de Losa IOwn and diminishcs lowards Ihe 
SE. Towards the E, Ihe Losas Fm. laterally passes 10 the Zadorra Flll. 
mentioncd aboye, which was clearly depositcd in decpcr scttings. 
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itineraries folloll'ed). 
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FI RSI STOP (3,1); THE RlBERA ALTA FM, lN mE SUBI· 
JANA SECTIQN 

Ncar lhe Subijana vil lagc. ¡he beS! cxposures o[the Ribera Alta 
Fm. can be observcd !llong Ihe A-68 Highway. Ihe railway line Bilbao­
Madrid <Llld ¡he local road (lig. 3. 1). Thc largesl and most spcclacular 
silica nodules can be found in ¡he $ubijana QulerOrS. whidl are includcd 
in thefacicscorresponding lothe pl ulfoml margin locatedan Ihe western 
side af Ihe railway. Dccpcr marly sedimcnts - Iypically indicativc of 
¡he transition to basi nal environmcnts- are wc ll-developcd on Ihe 
cnSlern side of Ihe milway. 

A) GENERAL LANDSCAPE ANO SEQUENTlAL ANALYSIS 

According 10 Ihe scq ucnlial <lnal)'sis employcd al Ihe 
bcg inning(Van Wagonc r ct al, 1988). we havccslablishcd theexistencc 
of 1\\10 dcpositional scquenccs (OS I and DS 2) which compound ¡he 
Ribera Alta Fm. in Ihe Subijana section. T he OS 1 sequen.:c shows ¡he 
typical features of progradational mechanislllS of formation. In fact, 
Ihe well-developed cJinofomls laterally evolve 10 marly limeSlones and 
marls of dCCpeT environmems (basin) IOwards Ihe E and SE. Fig.3.2 
represents a general aspect ofthe Ribera Alta Fm. in this <lTea. <lnd fig.3 .3 
is a detad of lhe transition lirneslonc/marl jusI in ¡he plalform rnargin 
(Subijana sec¡ion). 

Unlikc ¡he widespread aud tabular Illorphology oftlle carbonate 
bodies ol" Ihe OS 1 sequcnce, Ihe OS 2 see1l1~ 10 suggest lhe existente 
uf grealcr offshore carbonale banks (Wilson, 1975) wilh lateral lran ­
silions 10 interbank (W) and b:l$inal (E) marly deposils. Clearly. Ihe 
OS 2 sequence is compased by non-contiuuous carbonate masses which 
thickcll outwards :md rcach Ihe Illaximum dcvcJopmelll jusI in ¡he 
plalform Ilwrgin domain. F ig.3.4 is an idealized scheme o f Ihe Subijana 
carbonate plalform modcl and also shows Ihe posilion ofthe main nodulaT 
chcrt appearances in Ihe area. Thus. ¡he major concenlration of the 
nodular cherl appe'lrs lOwards lhe uppermost purl uf the OS 1 near the 
Subijana village 011 Ihe other hand. Ih is typc of chert is also abundanl 
j usI at the 10p of Ihe OS 2 scqucnce oUlcropping close to Ihe Arta ... """ 

T. V. station. which is ¡ocHled very far from Ihe arca we will visit Hxlay. 
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B) S1LlCIFlCAT10N 

A greal concentr.l1ion of differcnl nodular chert Iypcs and 
sclcctive replacemcnt 01' Pycllol/O/lle shclls occurs lowards Ihe upper­
mOSI part o f DS 1 sequenee. \Ve can dislinguish alleasl Ihree different 
morphologies of cherl nooules, spccificuJly . bclween Ihe local road 
tunnel and an abandoned qualT)'. 

1. Small nodular chefl controllcd by pre-exisling 77w{assi­
noide3 burrow sySlems. Oncean sce a grem numbcrof nodules foll owing 
Ihe original bedding planes (fi g. 3_5 A,B,C,O)_ In general. Ihey can have 
a diamelcr of up lo 10 cm. and a lenglh of 50 cm. wilh a milky-whilc 
aspccl and a host rock nel eontac!. 

Somclimcs. we observe samples of nodular cheft . wh ich have 
u similaraspcct, bUl whosc disposition isoblique in respecI 10 the original 
bcdding planes (fi g. 3.5 C,D). 

1 n Ihin scclion, the selcctivc replacemcnt oflhe marine scdiment 
that fonns pan of Ihe T/¡a/(usinoi(/t!s burrow syslems is clcar. Here. lhe 
silicificalion is cons¡iluled by micro- anel cryplocryslalline quanz and 
tibrous varieties (chalcedonite) whieh infil! small cavities. \Ve appreciate 
ghosts of pellets. foramin ifers. cchinoid spincs and olher bioclasls, 
together with siliecous sponge spieules that wcre rcplaccd by Ihe 
microquanz mass. Individual euhcdral limpid erystalsof do lomilc occur 
in the microquanz mass 100. 

2. Big nadular chert. Towards Ihe lop of DS 1 scqucncc, we 
observe Ihe occurrence of indi vid ual subsphericall/ovoidal chert no­
dules. whieh can rcaeh ¡¡ size of up to 20 cm. in width and 50 cm. In 

lenglh. with a c1ear inner zonal ion (lig. 3.6 A,n,C). 

From (he iuner part lo Ihe erust we can appreciale in Iig.3.6 
B: ( I). An irregular small zonc of megaquurlz cryslals infilling Ihe 
previous opcn spaces Ca). In thin SCClÍOIl. Ihis mcgaquarlz mass prcsel11s 
a pol igonal lexlurc without any evidence of anhydrite laths. 

(2). A very fine and dense cherl band (b), with a cream-white 
porcellanilc aspect, isconslituted by massivc microquarlZ whichcontains 
ghosts o f bioclasts. 

(3). An external band of milky-white porous ehen (e). with 
un obvious wcalhcring like thin on ion laycrs. In Ihin section. the 
microqu:lrtz mass is seatlcrcd wilh euhedral dolomitc cryslal ~. Thc 
dolomitc crystals eorrespond to u laler and limited dolomitization stagc. 
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wh ich was undcrgone by Ihe Ri bera Alta Fm, In Ihis case. Ihe euhedral 
dolornite crystal s agree wilh Ihe diagenelü: rcplacernent con lrolled by 
force of crystallizalion suggcstcd by Malivn and Sicvcr (1988 a) in 
many diaflenctit rcplacelllcnts. 

3. Nod ulllr chert with Uesegang rings. This Iypc of nodu1cs 
occ urs particlllarly in assoc iali on wilh small nodular chen along a few 
melers. They are a lillle bigger Ihan Ihe fonllcr and have a grey color 
which is darkcr than thal of Ihe host rock. Thc Liesegang rings can be 
chamclerizcd by closed d:lrk li nes. more open near Ihe Ilucleous and 
closcd near lhe arca in contael wilh Ihe host rock (fig. 3.6 D). 

So faro we have not dctectcd uny geochemica] compositional 
differences (mieroprobc analyses) bclween Ihe dark rings and Ihe inter­
ring zone. Prob;¡bl y. Ihe dark rings have a higherconcentralion of organic 
material. Ouid inclusions. elc. Ihan Ihe illler-ri ng zane. TI1CSC ri ngs can 
be followcd wil h ditTiClllty insidc the host rock, but Ihey are still 
noticeable al first sight. 

4. Sclccth·c rcplaeement or oystcrs. Fin;¡lIy. on Ihe IOp of 
lhe Subij"1ll3 seclion (OS 2) theTe are concenlrations of silicified 
Pycnodol1le shcll s. with the same general aspect and Ill icroscopie 
characleriSTics as Ihe ones described above in OUT enaraclerizalion of 
the Cueva section. 

In general. OUT lindings do nOI coincide complele ly with Ihe 
general trends (Le .. silica sourees. depositional cnvironmenls ,md timing 
of silicificalion) observed and proposed by M,l1i"a and Sicvcr (1989) 
in Olher MeSOlOic 10 Midd1c Paleozoic Plalform limeslones. Thus. we 
agrec wilh (.1) :m imraformmional sponge spieule silica source. which 
is supponed by a direct evidence. such as sponge spicules in Ihe den 
nodu1cs and Ihe hosl rock: (b) lhe ex istence of ghosls of pre-silicificmion 
carbonale cemenlS. Ve\. il is nOI clear Ih,ll si licificalion occ urred. in 
general. afTer buria] lo a depth suflicient fo r inlergranular pressurc 
solulionand mechanical gn.t in deformalion ofcarbonalc sand in a largdy 
uncemenlcd scdimcnl. 

The biggesl diffcrence between our find ings and Ihe general 
Ircnds has lO do wilh Ihe facI thm Ihe noduJ:lr chert lIppcars and is 
mosl abundant in high·cncrgy subtidal IimcslOnes (grainslones). as 
opposed to Ihcre of normal marine wackeslOncs and mudsloncs Iha! were 
deposited ,ll or below fair-weather wave base as poinled OUT by Maliva 
Hnd Sicver (op. eit ). 
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Fig_ 3.5 A. - AlIlISIH!('¡ riftlle SIIIOlIl/ot!lllar c"en (SII).fo/fml'il/8 ,he original 
bee/tliug planes ill (j bioc!astic ca/t'lm'/Iile (H.R.). lJ) A detall uf A. wi¡h 
¡JI/! typicall10dufar slU/pes (511) cOlllrolfell by T/w/ossilloidI!J burrml' sysfems 
;1/ (/ calel/rel1;/(' (fl.R. ). e (JIu/ D ) Nudlllar chal (SIl) /011011"11/8 1111.' origil/al 

beddillg fJ/(ll/e.~ lllld ob/iqul! !';OIlfrbm;o/ls, 11o", liS J/{J(lular cherl, cro.n­
nmil/g rhe or iXÍlwl /){'ddillg p[alles. 
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