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RESUMO 

Apresentll-se 0 c5twio dos miaolidu d~_ fOCNs n rbana."""" do Ju..a.-
5ico medio e 1uperior a Norre de Fam. 

As rod\ll.5 cerbonatada5 esrudadas foram subdivid ida5 em nove ripos de 
mitmficies (MF). As primeitlL'i qWltro >io rep~n~ por 5edimenfOl 
de pJarafouoo carbonarad., UflIC,er fs,iOl$ qe pe<Ju(na profundid llde. SOo 
compe.riveis corn AS Ulna.- de R1c ie. 6 a 8 de Wibon. Nio escio re~n
tades f~gmemo. de flcies "",ihis ou. ca/cirios cli.3dcos lim .. i •. E.!tes tipos 
de MF re!"'rem_se varias n . ... no 'empo sem, todavi., npresen,~rem cidie i
d..de. 0 d""cnvolvimenm nnicaJ dao difttema Bcia India in!erdigi~ 
apertada. 

Iu MF sw t[pkas de ambientt< intertid.i. Oil. su.btidaili d. pe<Ju. ..... 
profundidad.; tanm 0 q"" r= au.'iMnieo come .. fna. di"ersidade hun.s.i.,. 
• f10ristica verificada em vhi ..... n m.d ..... apon.am pull • OCQ,t&\ci. de irea! 
resrri!., rempoririu. 

A <>correnei. de D;("/JlKllwiJ r~tJl"'; LUCAS e de amonites do Caloviano 
n05 nivei. 'Up<'riores an conju.nro e.,udado , .ugerem, pata es re , idade 
batoni .. nl. 

Os ,ipas d. microllei.s , • 9 (Oxf"ordiano/KimcridgiallO) «.'Vela", condi
~6es de sedimenra~ii.o Illu.iro difere mel; calciriO;s , ecifili, al,eroam corn 
~K!imen<05 pel&giros de maior profundidade. Os calcifies mi<ritiros do 
O"fordiano .io (~l"1I.n.,in.Jo. p<>r con,ercm in',«·aJa.;ok. halodtpica. 
enquan!o que as do O"fordilUlO!Kimeridgi~no corn ~f"bric> ~ rubernl;r;"", 
enw, b vf~.-s, for .. m~nrc sllidficadas. 

SO se Atingiram .-sridios inidais de Cfescimemo de . palch ~ef. du!":mte 
o descnvolvimenro dos calciriC! de f>«IUcoa profundidM.~ de Oxfurdianol 
/Kimet idg iano. 

1.e5 microfacih des roc hes urbon3rCes du Jurossique mort n er lu!*ritur 
de b rlgion au Nord de Fat<) SOnt pr~mes; ils onr ere repar";, eo neuf 
cypes (MF) suceeuifs. 

us 4 premiers co!!espoodenr i des sedimencs dI' plate-fllrme (ubonac.:e 
de fuib!c pmfondeur et son< compo.riblu av« In zon .. 6 i 8 <k Wilmn. 
Lu debris recifau" N les ca!"".cs dasriques li!for.u" .om ab.enu. 
Les differenn types de MF Se repet.nt pl"'ieu .. foil dans le umps 

sailS rout. fo is presen,er une disp05i"on cycJiql<':. ~ Mf SOnt typiqu.e5 
d'environnemems inre"idaux nu $ubridaux <k f.,bl. profondeu<. la pri
,,",oee de quaru au.igtne aussi bien que la f3iblt d iw:~i,( dl:ll faunn et des 
f1nt ... obse,",,~l:lI dans les diffiirentes couc~ indique l'ni.I.n", de bassins 
rcmparai",. ferm<!s. 

La prisenc. de Dm,II<YNIUJ t:ttJl"''; LUCAS er d'ammonires du CaJ1ovieo 
dans I..: ninaux ,,,,jar.nres sugg~te un -ige bl.,hooieo pout en 4 premiers 
rypes. 

Les tyf>C$ suivl ntS (~ li 9"" Oxford ien i Kimmeridgien) rnonrrmr de} 
conditiOnJ de sedimeotarilln u~ diff~"'mes: rneai ... u!dfau:<: ~! tcroanr aye<: 

des ,kl imtnrs pelagiql<':s de profondeur plUJi rorte_ Les ok.irC1 micri'iq<ln 
de l'Oxfordien SOn! caracteris<!s par la pr<!smce d'imercalarions alodapique5 
Illndis ql<': (eux de l"Ox.IOrdien-IGmmeridsien aYe.: .f.bri",> ,uberoJi,iqu~ 

son< pg.rfois fonemeR( s.il icifi<!s. 
Seules !cs prcmi~res phases de croiosan<e des ¥I"'tch-reef~ Ont er'; atreim 

pend~nr la formation d .. caleair .. de li. ible pmfontleur d~ l"Oxfordien
Kimmcr'dg'en. 

The Middle ~nd Uppor JUB5Sique limtsro,," innsriSI<td WC<~ $I.lb

divided into oine microfacies (MF) <ypes. Th. fin .. four repruen' 
TIathonian std/menu with .hallow wa,er eha<aCleriscic. typiCIII for a,bc,,,,,e 
platfOrms. They 3re companble wilh Wilson 's [acies zones 6 rO 8, R~f and 
r~f debris, near-shofC duric-domi",utd limeomnes are not p~nt. These 

MF-cypcs ate reict",ed St'Yeral rimes wirhout cycJiciry. The vt"rtic:al deve
lopment of the differentia ,..! fac:ies un i .... indicales a cl,*, incerfingering. 

The m;c[of~cies dna are rypical of inrer ro shll.!!ow subtidll env;ron' 
mtnn; both ~u r higenou. qu~rtz and low filunOl..l and f10ml diversity of 
several layers pOint ,0 tempo .... ry rt'nrintd condition •. 

The occurrence of D;rl~~"[ tllpH"'; LUCAS ~nd CaJIovian ~m!JIQnit .. 
f«lm the aOOve lying SU"I.,a arsue fOf a B.rh!>lliln 88e. 

The MF_cypcs ~-9 (Ox.fordiln-lGmmcri!'igiln) .how completely diffeccnt 
se<:\imenlllcion conditions . Fully marine oconllorc «<,hi Jimu<oou iIl"f
nate with pelaglc sedimenfS formed at deept"r . helf are;u. The pelogic 
m,critic limesrones of Oxfordi." age ale charac'eri:<eci by allodapic imer· 
rn. cions whe,t;I.! rne Ox.fordian/Kimmeridgian l;m,,,0""5 with <uberoJirhic 
Iilbrics oftcn show intensive silificalions. 

O nly ini tial patch reef growrh-stages were reachtd during the den
lopmenr of ,he O~fordian and Kimmeridgian ,hallow water lime!l(~. 
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I. INTRODUCfION 

There are only twO broader Jurassic outcrops of signi
ficance in Portugal: 

>I' 

11) The Lusiranian basin in cbe North between Aveiro 
and Setubal; 

b) A small ribbon stretching along the southern coast 
from Sagres to VHa Real de St. Antonio in the 
Algarve area (fig. I). 

(A smaller outcrop exist'li between both near San
tiago de Cacem). 
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Fig. 1 - Dis[ribution of m., mll$[ impocunt SUHigo::lphic unia of Southern 
POrtugal. Small squa~ IJOrth uf Faro indicateS rhC' mapped areII (see fig. 2). 
T=-Terti .. y, K:Creo::lc=u.s , )=)u"ank, TR""Triusk, P · Palrowic 

The fi rst comprehensive studies concerning the Mesozoic 
of POrtugal were published by P. CHOFFAT (1880, 1883-
1887, reCent literature has been summarized by ROCHA. 
1976). The wotks of J. CH . PRATSCH (1958). R. B. 
ROC HA (1976) and of B. MARQUES (1983) concern 
specially the Algarve area. 

T he Lower Jurassic sedimenn consiSt of dolomi res of 
Sinemut ian age, ending with Portlandian limestones or 
dolosrones. They are exposed in the western part of the 

Algarve. The oldest suata in che eastern part are of Batho

nian age. The carbonate rock columo in che area inves

t igated (about 10 km norch of Faro) starts with Bathonian 

oolitic l imestones representing the core of the west-east 

striking Guilhim upfold; they are flanked by Callovian co 

Kimmeridgian marls and limestones (fig. 2). The limestones 

here are exclusively shallow wacer deposits (rep.rcscnting the 

eastern flank of the Portuguese trough) in contrast co 

contemporaneous sediment5 of the western Algarve. 
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§ Kimmeridgi;1n 
0 am 

~ Kimm.lOxford, a Caifovian 

- Oxfordian 8alhonian 

Fig. 2 - Geological map of the jllyeuig.1!ed area Ixrween Faro (south) 
and S. Brts de Alpond - modified afte, Carta GeoJ6gioo ~ Portugal, 
B-A Faro, 1985. &tholl;an section .... lS wm MaC t~ arrow (I19 m), 
Ox(oldian/ Kimmeridgian DflIplu wcn: tak.:n from 1001<;00< indita.C'd wi.h 

.. an (.> 

The Bathanian rocks investigated were sampled bed by 
~ ; che mictofacies interpretation, based on both investiga
tions of chin-secrions and acetate peels, resuhed in a tenta· 
tive fades model. The facial devdopmem of the younger 

Jurassic carbonates were also studied, but were not inte
grated in an extended model. 

2. DESCRJPTION OF TIlE NON-BIOGENIC BATHO
N1AN COMPONENTS 

The description of non-biogenic components is based on 
che nomenclature given by E, FLUGEL (1982). Ooids and 
oncoids were studied in detail : 

Ooids,' Four main types of ooids were distinguished here 
(PI. I, fig. 3, 4). 

a) Radial ooids with tangential substructure R..,-ooidJ !. 
The RT-ooids represent a combination of primary 
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radial structures wit h diagcnetic alterations; che 
radial elements were interpreted ro be original Stru

ctures, based on comparison or theif microstructure 
with other descrip tions e.g . L. Sl MONE (1974), 
P. HEliER & at. (1980), P. SANDBERG (1975). 

b) Tangential ooids with radial substructure TII.--()()id./ 
(PI. 1, fig. 2) ; d iameter, roundness and sphaericity 
of these ooids proove a formation under relat ively 
agitated warer energies, as occurs in oolithic shoals 
(FLDGEL, 1982). The pdmary tangential structure 
is overprinted by subtle radial elements. This coid 
type often shows intensive micritization. 

c) Micriric ooids M-ooidJ (PI. t , frg . 5): These are 
completely (or almost completely) micritized ooids 
of the Ta-types, confirmed by morphologic compa
risons. They are a characteristic component type of 
rhe oopeisparites within the mixing wne. 

d) Radial ooids R-ooidJ (PI. I, fig. 7): This ooids are 
characterized by broad simple seams of prismatic 
crystals with radial orientation. They are typical 
components of protected areas behind oold bars and 
can be compared with superficial ooids, as first 
described by L. flUNG (954). 

According to the classification of B. Wll..KINSON ( 1985) 
these ooids an: primuy r.l.dial oo,ds with all or.igiual calcitic 
fabric. 

Coid· _. 
Oe"",ipti"" 

RT·t~pe TR·tt pe M.P"fpe ,.",. 
Par<>metsr 

Oiameter ("'''I) 0,3- 0,5 0,4- 1.0 0,~ -1,0 0,3 ->1.0 

S~ape 0 ..... 1. >"0......:1 Prsdomw.omly ,""'" P,.,daminoetly -, Voriable 

Sphoe6 d ty Cow H;9~ Hi9~ low-High 

Interna l Rodiol Tong ..... iol TO"""",,,io\ Redial 
. ,"'<tu .... sublongentiol • ..brediol w b.odiol 

Number 01 1, 'or.l~ 
lominoe ~. 

$omorno"l' 
PO) H 

Wldth 01 40- 70 5 - 15 '20-100 
spori,;< 10"" nOll m;"~ m<roe ",ic~ 

Nud .. u. Pel,,", P'" 0 ....... 

Fig. 33 - Summui.ed chanc.e-ri<';("S of .he fOllf nuin ooid·,ypn 

••••• ," . 
. ' 

,. 

Oncoids : The oncoids were subdivided inro twO groups, 
m icritic oncoids (type T with Lm) and Ba(imllp-oncoids 
(types IINJ with to, Lob, Lg and Ld, 0.11 summarized .in 
fig.) The abbreviations stand for micritic laminae (lm), 
lamInae with «birdseye .. -strucrures (10), blistery laminae 
(Lb), granular laminae (Lg), laminae with domdike organic 
overgrowths (Ld), figured in PI. I, fig. 6, PI. 4, fig . I, 2, 3. 



Oncoids ace defined as biosedimencacy structures, chat 
originated with the help of cyanoOOcteria (F1UGEL, 1982). 
Types IJ-VI re additionally formed by Badnella irngp/ariJ 
and are therefore named Barintlla-<mcoids. The morphologic 
characteristics of each type is drawn in fig. 4. They were 
formed in subtidal environments with weak to moderate 
water currenrs. 

K. DAHAYANAKE (1977) described Barintl/a-oncoids 
from Kimmeridgian limestones and differentiated three 
main types, each characteristic for different water depth. 
Though the morphologic characteristics are similar to the 
here described oncoids, an environmental dependance , com
parable with K. Dahayanake could noc be confirmed. 

M. RAMALHO (197 I) described Oxfordian/Kimmeridgian 
oncoids from POrtugal and subdivided them in stromato
lithic structures, oncoids and cyanophycean lumps . The 
latter show more uniform structures with predominantly 
birdseyes, possibly comparable to hen: described Lo-oncoids. 

3. MlCROFACIES TYPES OF THE BATHONIAN 
LIMESTONES 

Four subfacies-types were differentiated within the widely 
distributed MF-type I, all representing deposits of Wilson's 
facieszone 6 (platform sands). They were distinguished as to 
cheir variable contents of compone!1ts (mainly different types 
of ooids). 

The iimesrones of MF 1/4 were interpreted as cencral 
oolithic shoals, an assumption supported by the occurence of 
exclusively RT-ooids, by cheir vecy good sorting and by the 
low proportion of biogenic components. MP 111 and MF 
1/2 represent the lateral fucies equivalents with mixing of 
both, shoals and. the grapestQne facies . MF 1/3 frequently 
shows resedimenrs of all three other subfacies. 

MF 1; Oolilhic facie; 

MP III ~ Oopelsparites with Tl -ooids - grain/packsrones 
(PI. I, fig. 2). 

The most frequent components are Tl -ooids, followed 
by micritic ooids, ooids of che bahamite-type, broken and 
distorted ooids together with grapesrones. The biogenic 
components are recrystallized bivalves, fragmems of e<:hinids 
and rare occurences of DirtYDrolluJ raywxi LUCAS. 

Though altered by neomorphic pCOCes5es, an epitactic 
overgrowth of sparitic ccystals is indicated by coarse blocky 
cements. Broken, partly distorted ooids and detached ooid 
lamellae indicate an early diagenetic compaction. A younger 
cement generation was formed below the detached lamellae 
and was subsequeotly leached OUt again, creating a cons
picuous secondary porosity. 

MF 1/2: Oopelsparires of the mixing zone - grainstones 
(PI. 1, fig. 5). 

Strongly micricized Ta-, Rr-ooids and peloids occur ; 
mictitic and oolithic intraciasts are of subordinate impor
tance. Forami nifera of ~[ype 1 .. Texluiar;a sp., Inwlulina 
sp., PlacopJilina sp. occur together with Tubiphyte; obsamtJ 

MISIK, and fragments of porostromace algae. Larger bio
clans were derived from bivalve shells and fragmems of 
echinids. 

Withio the neomorphic-sparitic groundmass, radiaxial 
fibrous dog-teeth cemenrs and gravimtively reinforced faser 

cements could be observed. Thin limoniric crustS occur 
together with brownish epigenetic dolomitrhomboeders . 
Both are parts of the matrix cements. 

MF 1/3: Conglomeratic oointrasparites - grainstones. 
The composition of che components and neomorphic

sparitic groundmass are the same as MF 1/2. Here addi
tionally well rounded c1asts (severaJ centimeters in diameter) 
occur, which COntain the reworked componeoc-assemblages 
of MF 1/1 and 1/2. 

MP 1/4: Oopelsparites-grain/packstones (PI. 1, fig. 3,4). 
The main consriruencs ate ooids of the Rr-rype [Qgether 

with peloids, incraclasts and detri rd quartz. They ate 
together with textu.lariids and milinlids, RtfJPiJa>: sp. and 
with rarely e<:hinid fragmems. The primary inrergranu.lar 
spaces (sometimes with geopetal incernal sediments), were 
filled with dolosparitic cements. 

MF 2 : rnlrapelmicrlm wuh fmutral fabri(S - bindsto1lfJ 

(pI. 1, fig. 1) 

This faciestype with laminated fenestra! fabrics in com
posed of micritic components, moody algal pelo id~. Besides 
R-ooids, fragments of mollusc sheUs and few foramin ifera 
were found. The laminated fabric is due to dark micdcic 
layers of sediment-binding algal structures. Boch peloidaJ 
sediment and algal laminires are interrupred by vertical 
dessiccation fissures and variable forms of birdseye struc
rures. According to many authors (e.g . SHINN, 1983), this 
type of sediment was formed in shal low subtidal/supratidal 
environments , corresponding to facies zone 8 - restricted 
circulation shelf and ticial flats (WILSON, 1975). 

MF 3: Grafmtonefacie; 

MP 3 was deposited in calm waters of the shallow sub
tidal, and inrerlingers with zones of more agitated water of 
MF 3/2. Here the high diversity of organisms, the lack of 
R-ooids and the predominance of spariric 'interparticular 
fabrics indicate a normal marine deposition. 

MF 3/1: Intrapelmicrires with quiet water ooids -bindsrones. 
Peloids and light grey eJ(craciasts are the maio const i

tuents of this subfacies. They occur in a micritic matrix 
which is partly altered co a microsparitic ce:((ure. Few 
grapestones and algal lumps occur. Nearly al l componenrs 
are surrounded by mdial-ool.ithic cortices of the same type as 
known from the R-ooids. 

Fragments of echinids, gUtropods and Cayellxia sp. are 
very rare. 

MF 3/2: Intmpelsparires with BadntJJa-oncoids ~ bindl 
grainstones (PI. 1, fig. 7). 

Grapestones and lumps prevail within a micri tic matrix. 
occurring together with R-ooids and extraclasts, TR-ooids, 
superficial ooids, and Bad"elia-oncoids. Concerning the 
fossil content, a high diversity and a great number of 
individuals characterizes facies 3/2: Fomminifera .. type h, 
.. type 2 .. , Haplophragmo;tks sp., Dictyoamm rAywd LUCAS, 
Textular;a sp., Vtr1IflliliTkl 5p. , /nlJ()INJina sp., sessile forms 
Rnd undeterminable lituolids occur together with poros
(romate algae, different types of Cayeuxia sp., and Barine/la 

irrtgulariI RADOICIC ; Thaumalaprmlla PlJrfI{wesiclllljera 
RAINERI, TubiphylM WJpmn MISIK. Bioclasts of molluscs, 
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bcyozoans, echinids and oscracodes furthermore contribute to 
the sediment. 

The former micricic groundmass is partly washed OUt. 
Vadose silts and coarse drusy neomorphous sparites indicate 
rhat freshwater vadose diagenesis was active. 

MP 4: Ptlmi(7'iric fadu 

MP 4/ 1: OncopelmicriteS with bioclasu - wackestones. 
Pe1oids, diageneticaJly 'iltered R,--ooids R-ooids, M.-ooids, 

micritic intraclasts and lithodasts (composed of oncoids and 
ooids) occur. Among the oncoids types I-VI were formed 
(fig. 4). The following biota were found :· Reoph~x sp. , 
textulariids , verneuiliids, trochamminids, involutinids, 
Pl~ropsilifl4 sp ., foraminifera «type 2,., Haplophragmoitks sp. 
Besides them cyanophyceans, microproblematica such as 
Tuhiphyw sp., Problematicum A and Pafll'"tina sp. occur. 
Ruditic biocIasts consist of molluscs, brachiopods and 
echinids. 

" 

" 

FIg. 4 - Sketches of the onco,d-fYl!<'5 I-Vi; abb ...... "'tiollJ ltand for: 
K = nuelew, Un "' Iam,nae, 1.0 - birdseye-StfUCfUte, Lob .. blistuy lamina. 
L8~gtanu.l ... lam'na. Ld=do_like biogenic OY<'rgruwth. Li=limonitic 

pUtieles 

The micritic to micrrnparitic groundmass is penetrated by 
a network of scylolichic seams, from which fine limonitic 
concretions start. 

MP 4/2 : Biopelmicrites - wackescones. 
The most frequent components are pe:loids foHowed by 

foraminifera: .. type It., "'type 2,. , RII!P&'x sp., Haploph,.a
gmoi'dts sp ., rex[ularians, verneuilids, Diayoronus raytflxi 
LUCAS and liruolids, Notiosaria sp. and unfkulill~ sp. 

The pelmicritic groundmass can hardly been distinguished 
from chat of MP 4/1: here more authigenic quartz was 
found, and the participation of oncoids is much lower. 

MF 4/3 : Oncopelmkrites - wac:kestones. 
Besides micrit ic oncoids. peloids and aggregate gtains 

which are the main constituents, only rare organisms -
~extularjjds, gascropods and echinids were found. 

The groundmass is micrite with subordinate sparite; 
vadose silts were observed, 

MF 4i4: Algal pdmicrites - bindstones_ 
These rocks are made up of peloids, inctadasts, aggregate 

g r1l..lns, Cayeflxia sp., Th4uf1l4toponll~ sp. and gastropods. 
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Echinids, bryozoans and fo=inifera (textularians, limolids) 
are of subordinate significance. 

Many primary struCtures were overprInted by a strong 
dolomitizatioD, which made classification very difficult. 

MF 4/5: Oncopeisparite5 ~ grain/pack.'ltones (p. I, fig. 6). 
This type is characterized by BtU"intlla-oncoids (types I

v!), peloids, intraclasts and coated g tains on the one hand 
and by foraminifera (cJasc of bictylKlJrJUS, textulariids, lituo
lids) on the other. Gastropods are the mOSt important nuclei 
of the oncoids. 

A neomorphically altered microsparite forms up the 
groundmass. It is interspersed with moIds which were refil
led with vadose silt. Auchigenic quartz is very frequent. 

The depositional environment of the sediments of MP 4 is 
due to unagited water, comparable to pool-like intraplat
form shallow basins, which were described by). KUSS 
(1983) from Upper Triassic carbonates in the Northern 
Limestone Alps. 

4. DJSTRmUTION OF THE ORGANISMS 

The distribution of biomorpha is of subordinate signi
ficance with regard to the microfacjal 5ubdivision of the 
Bathonian section, as they do not exceed more than 3-7 % 
of rhe [Oral volume. However some characteristic associa
tions enable a berter interpretation of pa.leoecologic diffe
rences. The distribution of organisms is listed in Tabs. ·1 
and 2 i [he following derivations are possible: 

~ Organisms as a whole show low to moderate diversi
ties . The most important components are foraminifera, 
echinids, molluscs, algae and roicroproblematica. 

- Agglutinated lituolids and textulariids predominate 
among the foraminifera. There are only rare miliolids, 
which indicate shallow shelf environments. Pew nodosariids 
only occur within MP 4/ 1. -

- Echinids occur in nearly all MP-types with changing 
values. They also occur together with aurhigenic quartz 
which were possibly formed within lagoonal /evaporidc 
environments. The mixing of stenohaline and hypersaline 
particles is explained by the close facies-interfingering with 
rapid lateral and vertical changes. 

- Concerning the extreme hypersaline conditions the 
gastropods are more resistanr thao lamell ibranches. The 
conspicuous predominance of gastropods (i.e. MP 3/2, 4/3. 
4/5) could be interpreted as an indication of a deterioration 
of living condi tions. 

- Both porostromate and spongiostromate algae can be 
differentiated. Among the porostromara Cttyfuxia sp. exclu
sively occur as allochchonous fragments. Spongiostromata 
often occur together with microproblernarics. They have 
their widest diStribUlion within the grapescone facies and 
the loferites. 

- Dasycladaceans do nOt occut except few single frag
ments of ClY/Mina sp. and TerqJlemtlla sp.; (hey were des
cribed as typical shallow water indicators from different 
rethyan Triassic, Liassic and Upper )urassic localities 
(FLDGEL, 1982). The almost complete absence of this 
group in the area investigated reflects the general scarcity of 
dasycladacean algae within Doggec sediments (BASSOULET 
81 41., 1978). 

Three microproblematica were additionally described from 
Bathonian limestones, that could not be compared with Others: 



Tab. I - Dislfiburion of the most impomo.nt componentS, biora and sedimenroLogica1 data which w~re raken imo cOn!lideration for the 
classification of MF·types 14 

~s 
components I., 1.2 , .3 1.4 2 3. , 3.2 4 . , 4.2 4.3 4.4 4.5 

ooids: TR 4" • • - - - -
"r - ,n '" 40 ' - - '" .- - -- - -H - • • -- - - -
R - - - - '" 10-35 I • 

oncoids - - - - - - • • -- • - • aggregate grains • • • - - • f» • - - • -- --
peloids • • • • • • GI • • • • • coated grains • • • • - - • • - • • -
illtraelasts • • • • - • - • - • • • extraclasts - - -- - -- - • - - -- -- - -
ArmIodiscidae • • • -("Type "~'I 

- • - - - -- • 
Reophacidae - • • • -- - • • • • • -
Lituol 1dae: 

Plaeopsi l ina - • • • - - • • • - • -
~Type 2" - - - - - - • - - - • • Textulari idae - • • • • - • • • • • • Ataxopllra9'Ri tdae - • • • • - et • • • • • Orbito l 1nid~e: 

"Dictyoconus" • - - - - - - • - • - - • Involutinldae - • - • - - • • -- • • • 
Nodosariidae - -- - - - - - - • - - -,,' identified 

foraminifera • • • - • • et .. • • - • foraminifera/g cm , \3 \3 15 3/19 , 20 26 3D \3 11 50 

PorostrolMta • • • • • • -- - • -
Sponglos tromata - - - - • • 0 - - - - - • C1Ypeina • • - - - -- - -- • - -- -
Terquemella - • - - - - - - - - - -
Thaumatoporella • - - - -- -- • - - - - • --
Bacinel la - - - - -- - e • - - - • Tubiphytes • • - - - - • e - - - --
unknown al gae - - - - - - - • • - - --
other organisms: 

bivalves • • • • • • • •• • - - -
gastropods • • • • - • 0 • - • • • ostracods - - - - - - - • - • - -
bryocoall$ - - - - - - • - - - • --
brachlopods - - - - , - - - • - - - -
ecllinoderms • • • • - • • • - • • --
favreina - - - - -- -- - • -- - - --

do1.neo dol.neo - dol.neo - dol.neo - neospar dei .neo- dol.lleo- micrit , ol.neo-
groundmass partly mierit micr!t RI!erit OIIerprin 

sparit sparit sparit spar! t earlydia sparit sparit ted by parit 
gen. dol. dol. 

size of cOOlpollents f.. m. f. - c. f.aren . - f.- m. f.a re- f .- m. f.- m. f .are- f.aren. - . aren . f.arel\ - f .aren . 
areni tic arenitic ruditic arenitic nitic arenitic renit ic nitic ruditic uditic ruditic ruditic 

roundness mode~~u modera moderat good -- good good good -- good good- good - good ~ good - good moderate 

grain/ graill/ grain/ grainl mud/ 
pack · grain· graln- pack - bind- pack- pack- wacke- wacke- wacke- wacke- wacke-textu re stone stone stone stone stone stone stone 
stone stone stone stone stone 
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T.b. 2 - Summarized p resentation of . U determined b'OIll ranging from Buhonian to Kimmeridgian within MF-types 1·9 

z « 
z ~ 

z '" « « C> 
~ 

~ ~ 
Z C> '" C> 

'" ~ 
CO 0 :E t-- "- :E « >< ~ 

'" C> "" Foram i nifera: 

Ammodi sci dae: "Typ P Sp . i ndet . . . ...... . . .... . .. . ...... X 
To l.ypanvnina s p . ••••• • ••••••••• • • •• • ••••••• X X 

Reophacidae: Reophax Sp ....... .. ........................ X X 

li t uo11dae: "Typ 2" cf. Haplophraf!moides sp • ......••.. . . X 
NautiZocul.ina ool.ithica MOHLER ...... . . . P ••• ~ • •• • •••• • X 

x 
X 

X 
PseudocyZamnina sp .......................... X X X 

Anchispirocycl.ina l.usitanica EGGER . . ... . . . . . .. .. .. • ............ X 
Haplophraf!miwn sp. .•..... . ........••••.. . . ......... . . . X X 
PZacopsilina sp. ..... • .......... • . . . . ... . . .. X X X 

Textu l ar i idae: TextuZa:ria sp ........... . ................ X X X 
Ataxophragmiidae: VerneuiZina sp ....•........... . .... . .. X X 
Trocharrminidae: ·diy. sp .... . .... . . . ......... . ......... . . X 

Orbitolinidae:"Dictyoconus" cayeu.xi LUCAS ......••... .. . X 
Nubecu l ariidae: Nubecu'l-aX'ia sp . .. . ........... ...... .... . . .. ....... X X 

OphthaZmidiUTTI sp ....•.......•.. . .. . ............... X X 

Nodophtha Zmidiwn sp . . ...• •. . . .....•......... . ... c. X X 
Mi1iolidae: QuinqueZocuUna sp .. ... .. .... . ... .. .. . .. ........... . ... X X 

diy.sp . .... . . .......•..... . . . ....• . .. .. .... x X X 
Involutinidae: InvoZutina sp ... ~ .................. . ..... X 

Trocholina alpina-el.ongata LEUPOLD .R • • ••••••••••••••••• • •••• X 
Tl'ochalina sp .................................... . . X X 

Nodosariidae: Nodosaria sp . .. .. . ...... . ................. X 
LenticuZina sp .•. . • . • •••• • . . . ••.•.•.••. . •. X X X 

Forami nifera: di v. sp ...... . ............................... X X X 

Porifera: Hexactinellida ............... ......... . ... .. ............. . . X X 
Hydrozoa: Ellipsactinia sp .... . .• 0 . . ....... .. ...... . . , • • •••••••••• • •••••••• • ••••• x 
Anthozoa: T~ecoEmilia sp .. .............. 0 ..... . ... .. . ..... .. .. . ..... X X 

d l Y. sp ....... . ... . ... . .......•......... . • ...... . ........ . X x 
Mollusca: Lamellibranchiata .... .. ......................... x X X 

Anvn6noi dea : Lame ll-Aptychus .... .. .... .•. .. . ...... X 
Artropoda: Ostracoda .............. . .....••.. . .. • . • ....... . x x x 
Bryozoa ••..•.. . ...............•..........•..... • ..•... ..• . X X X 
Brachi opoda .......•..•... .. ....•.. .. .... ••... ... .•••. .... .. X X x 
Ech i nodennata: Crinoidea ....... .. .................. .. ..... x x X 

Sa.aaoaoma s p. ....... . . .. ..•.. . ... •••.. . ... . . . ... . .... x X 
Ho 1 othuroi dea ... . ..... ... .•. . .... •••. . ..... x x X 

Echinoidea .......•. . . .. •...•... ... ••.••... • x x x 
Serpulida .•.. . ......... •. .. .. ... . .. ... .. ....... .• .• . ...... . .. . .. . ... X 

Al gae: 
Dasycl adacea: Clypeina sp .. . . . . . .. . ........... . ..... . ... X 

TerquenJella sp ..... . ..•... . ....••....•.. . . x 
Cyanophycea: Cayeuxia sp ................. .. . . ........... x 

Spongi os troma ta ...... • . •... . .. . ... . ... .. ... x x 
Sol enoporacea : diY. sp ... . ....... . .. . .... .. .•....•. • ...... .. ...... x 

Mikr6problematika: TUbiphytes obsauzus MISIK .......... . .. x X 
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Bacinella irregularis RADDIC IC .... ... . X 
ThawnatoporelZa parvovesiaulifera ,RAINERlx x 
Problematikum 2. SENDWBARI-DARYAN . . . . .. . ........• x 
Bacaanella sp ..... . .. .. . ... . . . .. . ... • ........... . x 
Favl'ei l".Q Sp. . ..... . . ... . . •.•..••... . •.. x 

x 

x 

x 

x 
x 



a) Problemadcum A - bowlike encrustations (Pi. 4, fig. 
to, 14). le often encrusts ooids and oncoids, and is 
formed by a halfmoon shaped spariric dot .50-200 ~m 
in diameter which is embraced by an about :;0 JLm 
thick micriric envelope. le might be confu sed with 
foraminifus of the NlIbmdaria type. In contrast, 
Problematicum A yields only a single chamber with a 
charactcristic microgmnular wall structure; moreover, 
ic is much larger chan NubtcNlaria (occurrence within 
MF 1,4). 

b) Problemaricum B ( .. Kerrenaige.>o, PI. 4, fig. 13): This 
srructure is forme d by bcicklike elements (40 JLffi 
lo ng) which are linked at their small sides, t hus 
forming chains with one above the other. They only 
appear in sponge-spicule limestones. Their ourer shape 
is reminiscent of biva1ve shells, but (he described 
reticulate internal structure is d ther caused by diage
netic processes or by algal activity. 

c) Problematicum C (PI. 4, fig. 2); This form consists of 
micriric/sparitic inrercalations with outer diameters of 
3- 'j mm. No cr/reria could be found to sugge5r parti
cipatinn of Bpdnt/la sp. and Tuhiphyw sp.; cyano-· 
phyceans probably produced these structures. (MF 4/2). 

5. SPACIAL RELATIONS AND FACIES MODEL OF 
THE BATHONIAN MICROFACl£S TYPES 

All four MF-rypes are characteristic formations of a 
shallow carbOnate platform. Its distribution is limited to 

GJ 
G!J 
ILl 
0 
(£] 
[L) 

~ . ., MF4.l 
~ 

areas which correspond to Wilson's facies zones 6 to 8 , 
Neither sedimems of a piurform slope nor of the upptrmosc 

inter and supertidal areas were observed. There are no indi
cations of a significanr input of terrigenous material. The 

sediments nearest to the ccase are formed by intrapeisparitt'S 
with fenesrml fabrics (PI. 1. fi g. 1) which are flanked 
seawards by pelmicrires. 

At che oueer seaward platform side, sediml:ntacion starts 

with an extended ooli ehic barrier which can be subdividl:d 
with the help of diffl: rent oolithic rypes. The following 

facies types can be traced from the seaward side rowards the 

coasc: Oolithic conglomerates with fres hwater d iagenesis 

characterizing episodic fluctuations of the sea level. They are 

inrerfingering with an mixed-ooIlrhic facies (besides ooids, 
corroids, imraclascs and micrirized bioclasrs occur). Further 

OOlO che coast bioclastic peim icrites were deposited in 

proteCted areas of FZ 7. Here oncoid-bearing pelmicriu:s 
with g rapestones, quirwarer-ooids and porostromate algae 
were formed within shallow basins and pools. 

Different MP-types of &cies zone 6-8 interl"inger within 

short vertical distances, documenting n.pid &cies changes ; 
rhythmic cyelicities of the described microfacies types could 

not be observed . 

The tentative environmental model of fig . 6 is based on 
both microscopic and field data: the vertical sequence of the 

Bathonian section (fig . .5) with rapid interfinge ring of a 
shaiJow carbonate platform. The spacial discrjbution of the 

described MF-types is sketched (fig . 6). 

ForaminiferiJ I- I Oncoids 

Echinoderms W T·Oolds 

Lamellibranchs ~ R·Ooids 

Gastropods ~ Lumps 

Osrracods G:Zl Pseudopelaids 

Algee ~ Oolirhic c1as /s 

Poroscromate l::J OUam dern'Ws 

Microprobiemafiea ~ Ouam authigen 

MF 4.2 

.I~MF3.1 
MF!.2 

MF2 
MFt3 

12ri 1--Umestone 

~ """" 
Iml Oolithic Nmestone 

gj Cross bedded 
oolithic limesrone 

'0 
(i) MF 1.2 

MFU 

MF 1.1 

If OF 4.3 

D OoJomire I=~ c::::J StyIolires 

~Loferire Ii:I Cross bedding 

fig. ~ - .xhemaric !eCtion of tMc B.odKmillrl limestones north of faro, 
compiled after field data an<! microscopic in=t;g..tions. 
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1.gJ;:. .. ~1 Oolithic facies 

6-~-J Mixed Oolithic facies 

_ Grapestone-facies 

I~ AsI LF-Focies 

I:: :~':: ;] Pelmicrite ,Sparite facies 

Fig. 6 - Tentative environmental model of the carbonate platform during Bathonian time, showing the close interfingering of the described facies 
types 1-4 (signatures as fig. 5) 

6. MICROFACIES TYPES OF THE OXFORDIAN 
AND KIMMERIDGIAN 

MF 5: Micrite-dominated pelagic mud-/wackestones (PI. 2, 
fig. 2, 3. 

MF 5/1: Intrapelmicrites and dismicrites. 
The limestones of the Oxfordian/Kimmeridgian boundary 

are characterized by pelagic sediments. Several hardgtounds 
which were encrusted by serpulids are typical at the lower 
part, whereas rhythmic intercalations of granded grain-/ 
packstones (interpreted as allodapic limestones sensu MEIS
CHNER, 1964) characterize the Oxfordian micritic carbo
nates (PI. 2, fig. 3). 

As regards the fossil content, both are nearly identical: 
Reophax sp., Placopsilina sp., Nubecularia sp., Tolypammina 
sp., nodosariids and miliolids occur together with filaments, 
ostracodes, holothurids, crinoids, Saccocoma sp. Tubiphytes 
sp., spongiostromata and the finegrained debris of all men
tioned organisms. 

The turbiditic layers are bedded or graded biointrasparites 
(grain-/packstones), which show a typical mixture of both 
shallow marine and deep water elements. The following 
organisms could be determined: Haplophragmium sp., Nauti
loculina oolithica MOHLER, Reophax sp., Nubecularia sp., 
Tolypammina sp., Quinqueloculina sp., Lenticulina sp., together 
with textulariids, filaments, ostracodes, lamellibranchs, 
brachiopods, serpulids, echinids (mostly crinoids); fragments 
of unidentifiable corals and bryozoans occur with Thauma
toporella sp. and Tubiphytes sp. 

Other components are peloids, micritic intraclasts, algal 
intraclasts, micritic oncoids and oncoids made up of red 
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algae. All these show bad sorting and roundness, often with 
grading of those components which are arranged by current 
processes. 

The boundary between autochthonous and allochthonous 
parts is always very sharp. An erosive cutting of turbidites 
in form of conspicuous bottom marks is visible at several 
positions in the section. 

MF 5/2: Intramicrites. 
They consist of intraformational breccias, which show 

reworked micritic intraclasts, bedded within a micritic 
matrix of the same pelagic habitus. 

MF 6: Shallow subtidal and interdital carbonates 

MF 6/1: Biomicritic boundstones with LF-structures. 
Strongly recristallized biota are encrusted by thick spon

giostromate algae, which may also bind sandy particles, 
forming biosedimentary structures. Several layers of these 
dark micritic crusts (sometimes with fine lamination), show 
a conspicuous pattern of fenestral fabrics with oval-elongated 
birdseyes, which were partly leached out, creating a secon
dary porosity. 

MF 6/2: Red algal oncosparites and micrites, wacke/grain
stones (PI. 2, fig. 5). 

Two types of encrustation occur: the oncoids of type II 

are made up of red algae, which encrust both Trocholina sp. 
and Nautiloculina sp.; they are very common within grain
stones. The oncoids of the micritic sediments yield frag
ments of echinids as nuclei, which also occur without 
encrustations. 



The second type consists of co-operating algal and fora
miniferal encrustations, forming irregular crusts of several 
mm thickness. Many biogenic components yield a conspi
cuous late-diagenetic dolomitization. 

MF 7: Reefoid limestones - bound-/rudstones 

MF 7/1: Coral bafflestones of the Upper Oxfordian (PI. 2, 
fig. 4). 

Corals of the Thecosmilia-type are the most important 
constituents, which cannot be determined on species-level 
because of their strong recristallization. S. ROSENDAHL 
(1985) gave a summarizing description of Oxfordian/Kimme
ridgian corals from Algarve. The corals are often encrusted 
by Tubiphytes sp., algae and foraminifera (Nubecularia sp. 
and Tolypammina sp.). Moreover, the corals and their debris 
act as substrate for serpulids, bryozoans and Baccinella sp. 
The space between the coral branches has a pelmicritic 
composition with textulariids, Nautiloculina sp., Quinque
loculina sp., ostracodes, brachiopods and crinoids. 

MF 7/2: Frame-/rudstones of the Kimmeridgian. 
They are made up of predominantly reef-detritus; primary 

frame builders are hydrozoans (Ellipsactinia sp. together with 
other unidentifiable species) and corals. Both act as substrate 
for encrustations of bryozoans, Tubiphytes/algae-associations, 
serpulids and sessile foraminifera (Tolypammina sp.); the 
former framebuilders show conspicuous borings and intense 
recristallization. The matrix consists of pelmicrite/-sparite 
with micritic intraclasts and reefoid bioclasts. 

The following biota were recognized: textulariids, ver
neuiliids, Haplophragmoides sp., monaxone sponge spiculae, 
brachiopods, echinid-fragments, very fine networks of red 
algal knobs, red algae with parallel tubes (70 (.Lm in 
diameter) and spongiostromate algae. Tubiphytes sp. and 
Bacinella irregularis also occur. 

MF 8: B iomicrites of Upper Oxfordian / Lower Kimme
ridgian - bioclastic wackestones. 

MF 8/1: Tuberolithic limestones with sponge spicules 
(PI. 2. fig. 9). 

Comparable facies types were described from Upper Juras
sic limestones from Southern Germany by G. FRITZ (1959), 
E. FLDGEL & T. STEIGER (1981) and M. SCHORR & 

R. KOCH (1986). The main constituents are monaxone 
spicules of siliceous sponges, fragments of hexactellinids 
(partly calcified), filaments, crinoids (Saccocoma sp.), 
tuberoids and Tubiphytes sp.; textulariids, ophtalmiids and 
encrusting foraminifera are of subordinate significance. The 
layered texture with thin beds enriched or depleted with 
bioclasts is sometimes reworked by endobiontic activities. 

MF 8/2: Biointramicrite with sponge spicules and echinids
wacke/-packstones (PI. 2, fig. 7). 

Here biodetritus occur together with subangular, micritic 
intraclasts and peloids. Textulariids, Reophax sp., monaxone 
sponge spicules, bryozoans, crinoids, Tubiphytes/algae-associa
tions were observed together with Problematicum sp. 2 
SENOWBARI-DARYAN and Problematicum B. 

MF 9: Foramini/eral micrites-mud-/wackestones (PI. 2, fig. 8). 

The following biota are very common within these micrites 
of the Upper Kimmeridgian: Anchispirocyclina lusitanica 
EGGER, Nautiloculina oolithica MOHLER, Trocholina alpina
elongata LEUPOLD, Quinqueloculina sp.; cryptalgal textures 

Section Stage MALCHUS, 1984 MARQUES, 1983 

Upper Kimmeridgian ' no statement 

MFIO dI -? 1-
1-5 :~ If 

~@ 
a q Lower ,Lower 

.t:7 
Kimmeridgian Klmmeridgian 

~ 
MSFS.2 

* .::;, 

~@ 
Mf - @ Lower - Kimmeridgian 

v 
.~ 

r----? -e 
~ 

'0 ~ 
a. 

6 a. 
Upper Upper :::> 

Oxfardian Oxfardian 
-0 .... . · ...... MSF8.1 

'le!' • 

\. -MF7 
Upper 

1 I~ MF6 Oxfardian 

1 I @ 
-:. I -4 r--?- Middle 

Oxfardian 

. -' 
-,1-,1-) G Middle 

- Oxfardian 
-1-1-1 
- ~ 

-1-1 IG{ ? 

----(~ 

-I ~ Callovian 

_ ::{\9 
Gt/. o 1 0 I v 

V 0./0 @ 
.,~ 

e no statement 

0/0 ~ 

" cl 0 \J MF 1-5 '5 
-0 

c/ 0 /01 ~ 

0 I 0 @ Bathanian 

~1a3? 
I 010 
av 0 I 

.01 0 

~ limestone, pure ~ Silicified limestone ~ Corals 

EEa limestone, sandy ~ Turbiditic limestone rn Lamellibronchs 

~ limestone, dolomitic ~ Dolomite [TI Ammonites 

E9 Limestone/Dolomite, carstified ~ Marly limestone [1J Belemnites 

Eil3 Reef~1 limestone ~Morl B Brachiopods 

~ Oolithic limestone ~ Conglomerate rn Crinoids 

[[] Sponges 

Fig. 7 - Schematic section of the Bathonian-Kimmeridgian sequence. The 
stratigraphic subdivision is based on own observations on a neighbouring 
section of B. MARQUES (1983), taken in the area of Moncarapacho. The 

complete thickness is estimated 300-400 m (signatures see fig. 5) 

and shells of molluscs are also present. There are no indicators 
of pelagic sedimentation. 
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These sediments were not taken into consideration, though 
their outcrops connect directly south-- of the Kimmeridgian 
reefoid limestones (fig. 2). 

An following microfacies types of the Oxfordian/Kim
meridgian sequence (with the exception of MF 5) are charac
terized by a silidfication which took only distinct biota 
(mainly ostracodes and echinids). This silicification is seen 
in connection with the deposition of siliceous sponge spicules. 
A conspicuous silicification is visible within facies 8/1, 
expressed ~y cm-thick layered lumps of Si02• 

7. SUMMARY AND CONCLUSIONS 

The different microfacies types of the Bathonian/Kimme
ridgian sediments also reflect the lithologic and facial 
contrasts visible in the field. They were formed by trans
gressive/regressive fluctuations; at the beginning of the 
Bathonian an extended carbonate platform (MF 1-4) existed. 

The transgressive Callovian sediments constitute a 60 m 
thick sequence of bituminous greenish/greyish mads and 

shales which were not considered in microfacies investiga
tions. Small ammonites, belemnites and many small lameUi
branchs (Bositra sp.) characterize these sediments. 

The transition to the Middle/Upper Oxfordian is marked 
by a regressive phase with condensation horizons in the 
western Algarve (ROCHA, 1976), which are overlain by 
pelagic limestones with filaments and Saccocoma sp. They 
contain turbiditic sediments of MF 5. Micrites and red 
algal-oncosparites follow above, representing shallow areas 
(MF 4). They interfinger with small patches and biohermal 
structures of MF 7/1. The mads above with crinoids, 
brachiopods and ammonites again indicate a deepening of 
the sedimentation area. 

Sponge-spiculitic limestones were formed at the Oxfor
dian/Kimmeridgian transition (MF 8). The following 
regression enabled the settlement of hydrozoan and coral 
colonies (MF 7/2), which were overlain by micritic deeper 
water limestones of the Upper Kimmeridgian. 

The stratigraphic classification of fig. 7 was possible 
by comparison with sections, described from Moncarapacho 
by B. MARQUES (1983). 
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