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GEOLOGICAL SETIING 



Introduction 

Fluvial r;'\(; leS mak(' IIp ¡he Lne O li¡;uccnc 10 F;¡rly J\'l iucl'rH' de

p()si!.~ of Ihe LOTan..:a BJ.sin . erenly diffen'm cumples of lo\\' an~1 

high si nuosity channel ri\'cf!> are cxcellently (!'xpo~cJ . All .1I:cumu

l.nc in l\\'O coalcsl'in¡.; fluvial fans, in dose :l~.~oci:Hion wJth a m,ljar 

compre_~siona l tc-.:wnic ph ,lse. 

The selected Outcrop~ .:orrespond 10: 1) br,mled palaeochan 

nel!>, wi rll prescf\' Jt ion of romposite bedfol"nn tha! budd IIp aJ lu
\"i:tI is lands md sJ nd n:\Is: 2) [on~jtudjn;ll ,ln<! transvnse ~ect i on!> 

of poi nt bar bodlCS, !luce dimensional OUI.:rOp~ of mcan(kr 1001'S, 

chut{, channels; J ) ¡he ('\'olutioll of the Tó rto!.t bn as ¡he ha!>c lt'vd 

was ri!>ing, n dmin:ning in c"tCnsl \'C ~yp~um deposlb: 4) gypSU1l1 
dé'posits wnh chl~n, in order to ObS(;[Yl' imponant blotu rba lion 

~rnl (;turt's Hl parti<..:\.dar, 
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The Loranca Basin 

The Lorano Ulsin is located in lhe (:cntral pJft of Spaln (fig. 1). 

Thi s blsin is a marginal molassc-fill ed dc:prcs~i~n, origin:uing früTll 

folding developed betwecn t1w lbnian Kange ane! rhe cratonie 

block oi rhe Caslll iall ¡"¡eseta (Dín-.~·l ol jn;\ el al , 1985). 

Thc LOLlncl lhslIl has :m Ol'a l ourcrop panern (figs . [ ami 2), 

an d is elongarcll alon); a north-wuth axis. T he wc~tern basi n Tllar

gin is defined by Ihe thrus! bdt of lile Sierra l!l- Ahomirl (fig . 2). 
whcrc lhe ¡\4e50zoic cover ha~ becn thrust ol'er lhe baSl'ment ::lI1d 

i IS immediatc ('on'ring (Alvaro el al .. 1979). Décollement gencrall)' 

occurred wit hin the ~ TnasslC Kcu per facie~" , but dri lli n~ show~ 

tha! srrati!jraphlC un it'i are repe;m~d by bcddlll g Ltu lts whidl young 

succt:ssivcly towards {he east (Díaz -Molina el al., 1985). Cco

ph ysica l exploration reyeal., a brge deprcss ion in lhe Mc~ozoic 

~[rata and basement , WhlC h líes between ¡he thrust -belt and ¡h{· 

foldcd l ber;an Chain wlllch fo rms ¡he eastern li mi[ of ¡he Lor:mca 

lhsin. 
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Thc Loranc3 lb.~in depression formed during th(~ Encene 
(pp_) 10 the Late Oli gcx:elH:.' (p p. ). \V it h illlhe ba sin . bOlh pl-e

and s~n- It'cloni c scd im en ls are scen 10 be a ffceled by fo l

ding wbc n ¡hey are l'cveu lcd al Ihe outLTOp bcncalh Ihe 
}ou nger Te l1iury dc pos ilS. Along Ihe weSh:rn Ilanks Ihes<..' 

fol ds ma)' be faulted. FurthLTmore. Ihe rolds han.' ,1 "N E

SSW sl r ikc a lign menl, in the Ilort h, passing illlo a Nf'\W

SSE orien latioll in Ihe south (Ah'aro el ,:ll ., IY7Y). 

The lcclonie slruclUres of Ihe Ml:sozoic carbollalL' lor

mations originatcd fmll1 shea r slresscs (JI" pressure-dlsso!u
lion, Structural anal ys is a llows the rccognit ion of fhr~~c 51 a

ge5 of compressioll that ocurred uuring tc ni ufy sedimenta
t ion (Capote, 1983 ), 
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Stratigraphy 

Three majo r stratigraphi<.: units luve been dlStinguished in rh e T er

tiary stratigraphic succession of rhis afea: rhe Lower UnH, rhe 

Upper Uni r and rhe Terminal Unit (D íaz-Molina, 1974; García

Abbad. 1975; Díaz-Molina & López-Manínez. 1979; D íaz-Moli

na y al., 1985). The general stratigraph ~' of rhe Loranca Basin had 

previously been di.~cussed by Vilas-Minondo & Pérez -Gonz:i[cl 

(197 1); MclénJez-Hevia (197 1) and Vi:l.llard (1973) . 

T he Lowcr unH (fig. J) accumulated in a ba~in thar \Vas mOfl" 

cxtensive rhan rhe prcsem Loranca Basin . hs deposition was s)'n
chronous wirh lhe dcformational ('ven! thar fo rmed rhe SiCrr.1 de 

Altomira ami rhe Loranc:! Basin, during Eon:ne (p .p.) w Late 

01igocene time. 
T he firsl stratigraphi c uni r o f rhe LOf;l.nCa Ba~ lll was the Up

per Unit (fig. 3). In a previous work (Día7.-~loli na el al., \9S5), Ih~· 

Tórtola depositional sy.qem had been comidered Ihe onlr supply 

sysrem filli ng the Loranca ljasin from Ihe LJle Oligon:m~ lO Ihe 

Early Miocene. New tllta ind icate thar ,l!1other hn apex wa~ 10-

cated ro the casI of lh e Mariana-Cañamares s)'ncline (fig. 2). This 

fluvia l system has been call ed the Villalb ~t de la Sierra hn. !)urin~ 
rhe Late O ligoecne ro [he Earl)' MJOtTIlC (fig. 3) rh e Loranca Basin 

was connected wirh rhe Madrid Basin. i n [he brly .Mioct"nt" ,11 the 

rop of the Upper Unir, gypsum depos i r~ eXlended into lhe bJsin 

indicatins: an end orrcic situJrion . 

In the Term inal Un it the bcies diHriburio l1 shows th ,u in ¡he 

Early M1OCCl1e (fig. J) th(' supp ly systems flowl"(l into an endo~t'd 

basin. The Terminal Unir has been divided into three subun irs 

(D íaz-Molina el al., 1985). Subunir 1 corrc~por1ds lO t h~· sl'dimen

tation of the Valdeganga fan (fis:. J ). Subunits 2 and 3 consist of 

alluvial and lacustrinc scthments . 

11 



-

12 

o -

; 
.. 
: 

, 

"""" ... 
, .... o. 

'" ' ' '''' 

.... """ 
k:.>o., ,, 
c--

..... .. 

" .. " '", 

," .. 

FigHre J 
Simplt/lrd srJimtnt"ry log /¡"'u"lih ¡he 

L(mme" Bil/m. I'"leon/o!ogir,¡! dal,' 
h .. I,I(' btetl abl .. in/.'J b¡. fJ""'m el ,,1 

(1986) a>ld Ábnr~ 5/";"',, .'1 "l. (/987 )_ 

, 
o 

f~ 
l 

.. ",,, 
.o.,,,,," 

... " " 

.... "'. " 
, 

• 

¡~ 
......... 
-

e: , , . -• 

"' .. _~, 
"'" .. ... 

, ... ' 
, .. ,," 
." .. 
~ .... " 
'." -." . ..... 
>-~ . . .. , 

OC".· 

". 

.,,... " " 
"" ". , 

...... '0;. 
Oh ,....., 

r- ", 
." t.~:L> 

---:1~_, 
' . .". 

I 

1" 

.1 

"-",,,.' 
"'c",-, 

.."..... l' ,. '" o ' 

- - . 

,., 

-- " " 
, , ... 

,-' ,o ." 
• L •• , . .. 

_ ... " ... 
- , . { 

O" 
.,,, ¡ "'c 

• 
~ 

-

, 
' ... - =:" s 



The Upper Unit 

Thc Tórtol a and Villalba de la Sierra dcpositional systems indude 

Ih e depo~it s of rhe fans as we!l as ¡he cleposilS of thClf assoúatcd 

cnvironmen lS. ThcSI~ deposinonal systems overlie [he previous se

diment5 of ¡he basin with anlar. Tcctonic deformation also accu

rred during (he deposili on of Ihi s Unt t , as shown by progrcssive 

disco rdan ce on rhe fl anks of sume amielinal folds and along Ihe 

basin margins (fig. 4). The stratigraphic succcssion is fiar lying 10 

Ihe <.:cmrc of ¡he basin, where onl}' part of subuni! I is {'xposed 

(f'g. 2). 
The greatcst l>xposed thickncss of lhe Uppcr Un ir is 600 m. Tts 

strangraphic .~uccession may he divicll'd ¡nlO thrt'(~ su bun its (fig. 4), 

eaeh wirh distinctivc lithological charancristics wha:h rdlect Ihe 

rate of di astroplllSm and changl's in the base level of the systems. 

Subu ni t 1 corrl'sponds to ¡he most lctive time inter\'al of the 

fans. Thc stratigraphy contains mainly channdizcJ bodies com

posn! uf conglomera tes and sand stonc,~ , Jlong with si!ts, silty 

clays, ¡hin sa ndstones or siltsrones sheets antllimestonc layers. To 

th l ' sou lh of thl' basin ~ihy da ys, limestones anJ g)'psum an' [he 

dommant lithology. 

Fig"rt 4 
Slmphfír,/ Std¡""'I/I"r.'I' I()g ¡/¡"'/lgb //" . 

Upp~ r U",1. 

n s"" <'o,. 

B lO 'A , ond,'o n" •• • • 

''-.,,J' eo _ " ""0" '1 d/.7 1 H,.O ""'" " " 
O" 'Oloo'"no. ' , ¿'.::::;.. J Po looo".'"'" 
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Subunll 2 diffcrs from lhe pre\'iously Jcscribed subunit in 

.~e\'er:\1 aspects. T h(' differences can be rdatcJ to a decreasc in 

(cctonic acti vit )', .1nd subsequentl y. lO a dl.~creJse in the. r:ne of 

subsldmce. The basin wa:; filling Uf' ~\nd loca l base lcvd ~ were 

bl.:ing cstablishnl. In additlon , duri n); .~ubu nit 1 times, s)' n-sed

¡mentar)' folding st.1rtt'd {O plug part of the aTea connecting th(' 

Lo ranca Basin and lhe Madrid Ihsin (fig. 5). l3etween suhunils 1 

;¡nd 2 the!"e is a sli gl u upwards decrease in palaeol:h anncl d imen

sioll s am!!o r freq uency. Gy psum and limcslo ne b yers inrers¡ratify 

Wil h finer gra1!H:d sed im en ts l:ont.1ining gypsum crysr.1Js. Ano

lher charannlslJ(' of this uni ! is th e abunda nce of sedimcnts of 

local p rovcnanl:e fr inging the basin, 3nd indi('at ing mass transpon 

and ephemeral streams. 

Subumt 3 is characterized by rhe dominance of gypsum de 

posi ts. The gypsum \Vas clearly supplied from solution wea th cnng 

of Late Cretaceous and Triassic rock s, whir h Jre \'try rich In gyp

sum deposits. Late Crct.1{"eom gypsums are cxposed along the 

Lor3nca Basin margi ns, whcreas T riassic sediments appcar in more 

intt'rnal areas of the Iberian Range. Tria! .. ~ i c Keuper fac ies conu ín a 

l)' pe of authigmic quan,,< n}'stal (Jacinto de Compostela) \vhich is 

found :unong the coarse gra1l1ed sediments filling the ch:tnnels. 

'¡'h e bulk of th e distal facies of the fans are loca red in the 

Madrid Basin covered by younger Ttn iary deposits. In the sou th

weSl marglll of the Sierra de Altomi ra lhe stratigTaphic eq uivalent 

is a thick succession of gypsum depos its. 

T he U pper Uni l is :J. tecto-sedimentar}' unit, formed duri ng 

lh e maJo r compressio naJ tcc tonic ph3se which affected ¡he lberian 

Rangt. Thi, tecto-sedimenta r)' unit refl ec ts :tn upwards sedim en

tar)' pobnty due 10 rcctonic reactivation foJ1o\Ved by a subsequent 

decrea~e in rhe diastrophism . 

15 



The depositional systems 

A distinction betwccn Jr)', fClatively ~ma ll fam formed by e

phcmcral streams, and wel fans formcd by perennial st ream flow 

was proposed by Schumm (1 977). Recem cxamplcs of Ihe we! Iypl' 

afe che KOSI Rivcr fan and (he Ki verine Plain (Shumm, o.c. ). Th c 

Kosi River'fan ha~ built dU'largesl fan describn) in Ihe liter:'\Iure. 

covering [6,500 km2 (Wclls & Dorr, In7). Th ~' Ko~i RiHr bn has 

been desc ribed by Gole & Chital" m [9(,6 , and recentl y by \Vells 

& Dorr. The Kosi River fan ami Ih(· Tórtola and Vi llalba lit: la 
Sierra fluvial fans are similar in ¡he dominancc of ind i\,jdual chan

neIs which are pan of ,1 mult iplc channe] system. In contras{ tO Ihe 

Kosi River sySlem Ihe st ratigraphic Succl'ssions of Ihe Tórtola anJ 

Villalha fa ns pro\'ide good exposurcs . 

Thc calchment basins o f Ihe fans are not preserved :lt al!' 

pecause Icctomc deformatíon in Neogene time strongly J110d ificd 

lile Lale O ligocene to Ead}' Miocene lands(ape. 

The Tórtola fl uvial fan is up 10 94 km long. with a maximun 

wldth of 40 km, covering an area of 2.500 km! (fig . 5). Mapping 

reveals that Jt docs nOI have the iorm of a cone segment. The 

Tórtola fan coalesces \Virh rhe Villa Iba fan tO Ihe north, and its 

outline was tectonica!l}' cOntroled 10 Ihe soulh-west. In splte of ils 

lacking a cope-like form il radiated downslope from Ihe apex arca, 

developing a mulliple channel syslem. The apcx of Ihe T órtola fan 

has been partialIy eroded, and it was also w\'en:d in pan by t1\l' 
Valdeganga fan apex (Díaz-Molina el al., 1985). Thc Tó rtola fan 

head fi¡¡cd a contemporaneous ledonic SlrUClure that was ¡all'f 

folded into Ihe s}' nclinorium, trendi ng south-casl 10 nonh-west 

(f;g . 5). 

The Villalba de la Sierra fan covers an area o f more Ihan 4 ,200 

km2. This fan is up 10 90 km long, wirh a maxirnum wldth of 60 
km. The Villalba de la Sierra fa n. coalesces \Vith rhe Tórtola fan to 

the south, and with another fan lO th e north . The apex o f the 

Villalba de la Sierra fan \Vas located wilhin ¡he Serranía de Cuenca. 

Later lecto nic deformario n and erosion havc ahereJ the original 

cominuiry of the fan sed iments. 

A paleoclimatic model was infcrred on the basis of Ihe Mam -
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mal succession recorded in th(' Lorancl Basin (Llcomba, 1988). 

The proced ure lnd mcthod of inference is d"scri hed in Wcerd & 

Daams (1978); Daams & Meulen (1 984). During the Latl, Ol1go
cene to rhe Earl}' Miocene , ver)' imponant changes took place in 
the mammalian fauna induding differences in di\Trsity as wdl as 

lO compOSltlon. 

T he manlmalian faun al succession recorded 111 the Loranca 

Bas in ind udes tWO imponant macroma1l1 11lal asscmbhges, found 

in Carrascosa and Laranca (see fig. 3). These t\Vo t'\'entS rd k·(t a 
rclativeb}' arid landscape (Día7.-~'lolinJ Cl al. , 1985; Lacomh,l, 

198R; Lacamba & Morales, 19R7). Thc fa unas bcrwccn bOl h Ca

rrascosa and Loranca events ma}' Indicare an episode of relatively 

more humid em'ironment (Lacomba, 1988). A rehtivcly cold c1 i
mate was proposed for dlc arid evcnts, and a warmer dimat(· du

ring the humiJ phases (Daams & Meukn, 1(84). 
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Distributary and tributary areas 

Djqrib llt:1r;. ~nd tributJry .we:ls ,\re di~tin ~ \li s hl'd lISlfl b dw anal y
.~i~ 01 palaeouJrrcnt~ ~, n (l \"ari.nions in f! "{'" 'ypc and depII!. In 

ii~ur,' 2 rlH' pabeocurn:nt J:lIa fro m subunit~ 1 :md 2 arl' shown. In 

mu."¡ uf the lu~iTl. p:dat'onltn"!1t ,bu were obl :tinnl sdecting low 

~inuu~it~· ch:t llnel~ ,lid tltl'asu r i n ~ ch:tnnd nrientatlon Whl'IT po,si

bl l' , In ,he centre 01 ¡he hJ~in. dw daLl on fi~lIre 2 0111y rl'pn'scrH 

[h e IIppcr strnigr.lphte ¡men'a l of rhe subll nil t . On ly tlh~ pl"e

dlllllin,lIlI pabcoo.: ha nnd trpcs pre'ient in {'ach loc3.lity lu'-e bn'n 

ft'prl'Sented in fipln' S. 

Dl'pl"nJing OH ,he ¡aculon In rhe f.1I1 .)rea Ihe prnlomit1:lnt 

river Iyp" l'ha ngcs. In ¡he Tón ob fan dwrl' is ;¡ general dUWIl'i 

Ire.1t11 ..:11;111g,·, fru m !,)W (br'l ided) !O hi¡.;h slI111 m iw river t~"pt' s, ín 

thl' :lrt' :I~ wll h a dlsrribu Luy pattern, ¡huugh in most of dw Sl',' 

tíOI" 10\\ ;lnd high ~intlo\jt y channels :l r\: prl's¡;nt. The ~r:ld \lal 

l'llJngt'~ in ch:mnel lyp\'~ ,1 I"l: also acomp,mi\'d by a Jecre,¡se in 

ch.mnd lkpth ..... hich i ~ expbined by l'lunnel di\"ision from lhe 
,¡pex (fif;. S) . 

O th er d lsniburary ,Hl"lS have heen n:rohnizcJ fn ngin g tlw 
sooth -Wl'st hteral :lreas of dH' Tórtol.l tan Wh('l"l' lntcflu l an ti clim~s 

\Ver¡: p re~e nt (figs. 2 ,mJ 5) . Thcsc anticli nes WlTC topogr:\phic 

th re~hold :. th;1.[ occa~ioll:\lIy were surlll ounted by ri\Trs at thei T 

north-wa nl plug~i llg elld~. Hec:\us\O of Ih i~ .~ ll'UClUral co nlro1. the 

"]"Ó1'1 0J.¡ f:ln did nor 1"(,,1(,h part of ¡he :.ourh-\\·est mJrgin of t1K 

bols ín, where ¡he Tl1l1hipll: rhanncl syslem was rcplaced bterall~' by 
fl ood b,lsi n , bcustnll e or cv;¡ porni," sedim elHs. 

T he Villalb;¡ d,' la Sierr:} fan carrinl ('oJrser m:nerial rhan Ihe 

Tónol.l fa n, and braiJnl river 1)'pe pre<lom inate . In the Caña\'eras 

Mea (fig. ; ) extensi "e nwa nd,or loop deposits ar,' presento bUll hert' 

is an upward chan ge 10 braíded channel Jeposi!s . 

Towarcls the western fllart;1I1 of th e basi n,;¡ tributary situalion 
hJ.~ been dedueed, and al the Buendl;¡ loca li¡}' tO the nonh , low 

sinuosi lY channels domi nate (D íaz- Molina ct al.. 19R5). In con

trast o thi n point bar bodies are lh,' mos¡ frequent eype of river 

deposit, from Mazarul1egue lO Buencl ía. With time, a tri butar}' 
pauern was also establishcd , betweefl Mazarullegue and Bucnclía, 
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;'lne! low StnUOSlty p;'llaeochannds can bl' foHowed uenvn'n bOlh 

localities, palacuchannc!s being parallcl ro rhe Sierra dc Altomira. 

Th e trib utar)' zonc 10 the wes! of rh" Loranca Basin is durac

n:ri zed by low sllluosit)' channels and a no ti ccable growth of chan 

nd dt'l1sity , which (ould ha\'c been p roduced by the lateral con

celn Taríon of th(' channel~ of the fluv ial sy~lerns. The d u nnc!s of 

thi~ area nowed ro rhc nonh and passed fU the ;\1Jdrid Basin, On 

('nrry w dle Madrid Basin they received tWW s ll pplie~ from ! h~· 

north -('aS! (Dil:r.-Molina ct al., 1985). 

Another major lributary arca eX lsted where rhe fans (o.lles

cedo T ll l' roalesccnce can be analysed along the :\-1ayor Ri\'cr Va

Iley. when: cha nnds bclonging lO buth of rhese fans are pn'scnt in 

th e exposu res. 

An interpret:uion of the multiple fluvial s)'s tcms is shown in 

figure 5. At timcs, runo ff ma y have bl:cn pere nn ial and Itmi!('d 10 

restricted arcas of thc fans; the surfaccs of Ihe fans were probably 

,Ieti\"e d u ring high flood events, 

The westcrn tributary 7.one seems tu ha\'c been localed alon!; 

a ropograph ic lo\\'. parallc! to Ihe slruclUral strikc of the Sierra dl' 

AltomirJ. 
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Later evolution of the fans 

Thc fluvial m'twork dcduced frorn ~UbUIl ¡1 I bccamc fl'stric! 

ed with time . its <.:hannds uc\:upying a les s extensivt' afea ¡han 

befa re. Expos ures in lhe southern and l10 rthtrn Je ras of ¡he basin 

indicatc lh :\! lhe fluvia l S)'Slems d id nOl now ovn rhe w hol .. basin. 

Ncar ¡he 13 uendía 10calilY a tr ibu tary patt(' l"!l was mainuin ed ;¡nd 

rivers probably flowed ro rhe wes! into Ihe ~1adnd Basin (fig . 6). 

The Tórtola systcm was dom inaled by meandering nn'rs in 

Ihe exposures (fig. 6), though low si nuosity palaeochan nds arl: 
also fa und. These pabeochannels dis~('cl('d silt)' clay deposirs \ViII! 
gypsum cr}'Stals which indiene pro.~imity lO salt pan l,t1\"iroTl

ments. from ¡he Hucre locality tu rhe nonh a wl1ile ,:oloul- durac 

terizes ¡he pabeochannel infilb, and is due lO gypsum ccnwnr. 

These palaeoehannels al so carricd detrit ,t l gypS lIlll and Olhe r dasr 

types of intrahasinal origino Th e g)'psum (l'mcnt probably preci pi

tated during :tn {'arl)' burial stlge. 

In contraSI, the VilJalba dt, la Sierra fan was donllnatl"d by low 

sinuosity palaeoe hanne1s (fig. 6). Palawdl.lnne1s with gypsum ee

ment are rclari\'ely scarce. Tlle more ani\'(' ehannels fl owed into 

the Madrid Blsin, but channels of sma ll"r diml'llsions died out in 

internal \Ver arcas ¡eaying sill}' and s:1 ndy shel'ts. In rhe internal ..... el 

areas gypSt¡m and carbonate deposits preclpitared. 

Eventu :1 l1 y, the downstre:1I1l cnds of bo th systems retreatcd 

and were replaeed by th e deposits of wct-bnd cnvironments. Th{, 

eX:1et panern of these cha nges vari ed in th{' different areas . Vowdcr 

gypsum is prl~sent lS der rital depositS or continuous compact 

bioturbated layers. C oarsdy cr)'stalline g)'psum fac ies are also pre

sent as cominuous layer.;. C arhunatl' sedimenl;\lion oceurrcd in 

associatioil with rhe gy ps um facies: hOlllogeneolls micritl(; limc

stones with gypsum crysrals, alga! laminated micriric lnnestoncs 

with tepees ami mud cracks stru cturcs. Carbonaceom marl s aré 

prcscm loeal1 y, associated wirh rhe carbonate $edimcnt~ . All these 

facies rt'vcal a more permanent hi gh water table wirh the deve lop

ment of ephcmeral swamps and sal! pan en \·i ronmcnts w irh spo

radie anoxie stage.~. In add irion, the ~ypsum and carbonan' facies 

are oflen intcrbeJdcd with thick mud stonc and si lstone la\'ers wi rh 
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Palaeochannel type recognition 

Braided channels 

Br:l.ldmg IS ldelllili ed lT1 these OU¡¡J OpS 0 11 tlw b~Sl~ uf (I1r('(' ni 

tena: (1 ) ¡he presencl' uf rm llOl' imbr icll e c!J.lrl ne!s. (2) ch~ n nd 

in<.:ision 011 sandy lnn and (3) the presnvnion of bed forms lh.H 

are ch;¡raoeris¡ ic of the build lll g uf aJluvJa l lsb nd~ (Díaz - l'l-'lo lincl el 

al., 1916) . 

The p resence of min or nnhnGnt c1unnds is thl' n.~Slllt uf .1 ~ 

gradatlon In a composite-st ream rivtl' (A ll en, !'):-;S; \V ill i:llll &: 

Rust, j')6'J) . Insi de lhe !ll l llor channd, (olllposi tl' b,u-s mal' also be 

faund also. 

Sandy bars are tht Illost consp icuous bed form p reser\'cd In 

lhe distributary area adlJCI:nr ro rhe Túrtub hn apex. T heir inler

nal structure is foreset cross -st rat if icatlon . Sandv b:H thicknesses 

osn lbte belween 0.25 m and 4 m, and thnr dimbing ;lnd descell

ding componcnts (rnend, 1982) h~l\e usually usually been pn's<.'r

ved. The cl imbing componen! is form ed by sedim emary Stru l't un:~ 

ranging from n pples to minar ban. Reactl\·atlOn sllrfaces forllled 

by superimposed bed forms (Me Cabe &: Jones. 1977) nuy be 

found JI1 rhe descend ing compo nem. Sand y bars are not lim lted tu 

the braided mode!, rhough rhey have becn descn bed .frequemly III 

braided rivers (ColJinson, 1970; Smlth, 1971; Cant 1978 ; Cant &: 

\X' alker, 1978). However the characterisTlc fe:lTurc uf brai ded nvers 

IS rhe dissection of bars by smaller ehannel durlllg rhe falling Jnd 

low stages (Ore, 1964; Smith , 1971 ; Cant & Walker, 1978; 810d
gen & Sranley, 1')81). When th e bars are dissccted , pa rts of thelll 

become emergent and lhe rivers show a braidl~d pattcrn. In sume 
of these ant:lem cxamp[es this process can he infened. 

Composite bed forms 1uve a['iO been preser\'ed, and are of a 

[argcr scale than lhe sand bars . Prescrvation llldudes not only se

quences bur al so lhe topograph ic build up of rhe is[ands. Among 

these composlte bars sand fla t'i (Cant & Walker, 1978) are rcla 
tively frequem . Composire bar, have been found isobted, and th is 
lmplies th e avu[slOn uf rhe braided channels. 
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Meanderi ng channel deposits 

I Jigh si nuosit v rivers ¡eh poinl bar and mcand n loop comp lexes 

( !) í:lz ~l'l'1 01In a, 1978, 1979 a; 1984; DÍclz-Molin:l et al. , 1985). 'fhe 

gene rJI cl!:lr:'(<.:tenStlCS uf ¡he pUlnt bar bodies 3 re lhose o f rhe 

ebssic lvpe whlel! were sUnl manzcd by Moodv-Stuan in 1966. 

In the poi nl b:lr boch es ¡wo SUb- UllltS can be identified, The 

[o ,\,er sub- unít consiS1S o f grave) size tu l1lcdi ulll grained sand ;lnd 

r!w uppn une of fin e sand to sil!. Late ral an:retlon surfaces are 

;¡IW;lYS prcscnt m the llppef sub-urllt and a re less frequcIlt in rhe 

lower sub -uní!. In <.:ontrast sedimentary structures are \Ve l! pre

SéTvcd ll1 ¡he !ower sub-unit but llor ahvays in rhe up per one, 

where sume ped ogl'llic processes can be dlStlnglmhed (Diaz-Moli

na et al., 1985 l . \X1i thin individual late ral accretlon eplsodes a fining 

up ward seq uenCl' usu ally dC\'e!oped , and a log through the whale 

pOl1l1 blr body also tl:mb to show fining u pwards. However, soml: 

pomt bars sh ow depan ures from the fining upward pattern wh lch 

rd lect d iffcrent Bow cond ltions from onl: episodc to the next. 

In most of the namplcs, pom l barsedimentary structures 

were made bv bed forms that moved up the POilH bar, as (ould bl' 

cxpecred if a cu rv:U ure-related helicOldal flow were active. In one 

cxampk (stop 5) where sedimentary SHuctures indicate parallel- to

th e-bend and down-the-poilH-bar mOVl:ment, the estimated SlIl 

usity is [. 6, \vhile in the other examp le, in which the helicoidal 

flo\\' pattern was wdl devdoped the esurnated sinuOslty is 2 (stop 

7). No more estim ations of pabl:oc hanncl morphology have been 

possi ble becau sc it is cliffic ult to find sectJOns dcarly cOlncident 

with a meander loop radim , and point bar dimenswns vary sig

n ificamly in ob lig ue or longItudinal secr ions tú the meandcr bend . 

P01l11 bar geometries m section transverse or longituchnal ro 

¡he meander loop llave been di scussed in previous works (D íaz

tvlo lina , 1978 , 1984 ; Díaz- I\'lolin a et aL, 1985). The different 

geomelTles seen 1Il different types of section are shown In figure 7. 

!vlcander loop depos its m rhe Loranca Basin freguently 

disp lay laterally stacked seguences depoSlted by adjacent pOlIlt 

bars, separated by reactivarion surfaces . Sorne of the relations bet

ween these sudaces, bed SCt geornetry and changes in rhe seme of 
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ITllgr:ltion of the adjacent point bar bod ies ha ve been reprcsented 

in figure 7. 

Low sinuosity palaeochannels with vertical 
accretion 

When the orientatlon of a short strctch of ¡hese paheoehannels can 
be observed, the }' are straight ur sligh tl v sin uo us. Howevcr the}' 

eannot be eonsidered straight chan nels 111 the Leopold :md \Vol 

man (195 7) seme of the termo The)' l:Il"k nthn a sequenee oí 
sed imentar}' structu res 01' any geomul'ic eharactenstles in ,,·lllc h 

side bars of ri Hle and pool bed -from pattcrns can he reco¡;mzed. 

These examples diffn fro m braided river deposltS in lackl11g minor 

channe1 inclsiom on the river bed. Sorne of them can be compared 

with the rr bbon type geometry defined by fnend et al. (1'17'J), 

though lateral wings are nor prescnt. Like rihbon lype chan nels 
they can be sllllple or mul ti-storey, and where lhere are ~n'eral 

superímposce! units, rhey are more or less tabular bod ies separat

ee! by flat surfaces. T hese aggradational units are cOIlSldercJ ro be 
backfi !ling units (Díaz-Molina, 1979 b), and simple ribbon cxam

pies reprcsent a process of continuous backfilling. 

Water escape structures 

\Vater escape structu re~ normally appear in fine to medlllm 
grained sand, though occasionall)' the}' ha\T aho affected coarse 

grained sand (Díaz-Molina , 1978) . The}' are of the ducc kinds 

distinguishnl by Lowe (1975): hydroplastic de form;Hion, li que

faeríon ami flu ldizanon . Frequentl y hydroplastic deforrnation and 

liquefaction are assocíared. Sorne palaeochannels show water es
cape structures affecti ng the who1e' cllanne! fill. In spite of this 

difficulty, a distinction between low or high sllluosity cha nnds is 

possible in many cases using bod)' geometry alone. 
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Sandstone petrology 

Thc pctrology of sand stones f ram th e Lor:mc;¡ Basin has been 

descrihed by C arcía Palacios (1974), wha :malysed sanclstolw 

rcxw res and the mineralogy of dctrual fra mcwork graios and in

terstitial materiaL In the present study. samples of channe! 

sandslOncs from stratigraphic subunits 1 and 2 have been l'xam

¡ned. f urther work 10 analysc the sandstonc co'mposltion of rhe 

d ifferem fans is stil1 in p rogrcss . T he petrology of c3ch subun it is 

su mmarised bclow. 

Subunit 1 

Coarsc to medium graincd sandstones occu r at lhe base of cha n

neIs and these fine upwards into fine graincd deposi ts. The)' are 

well son cJ with angular \O subrounded detri tal quartz grains 

(Powers . 1953). 

T he main detrital components are cxtrahasi nal non-carbonate 

grains (N CE of Zuffa, 1980) mcl udi ng monocrystalline quartz 

fcatu ring minor quaTtz overgrowlhs, K-feldspar and microd inc. 

Quan z with anhydri te inclusiom is also present o A small nu mbcr 

of cXl rabasinal carbonate grains occur (e.g., micritic and sparry 

li mestones and doloslOnes). 

Thc mean modal composition of cxtrabasmal delmal grai ns is 

0 60 F 10 RF30 (fi g. 8), rdlccting a hi gh propon ion of rccycled 

scdimeotary rocks deri ved from the Mesozoic succession of the 

Iberian Range. 

Variable amounts o f intrabasinal carbonate graios (c. g. micri

tic limestonc grains) are a1so present (fig. 8c). T hese limeclasts aTe 

derived fTom pcdogenet ic carbonates and/or palust rine-Iacustnne 

limcstones. 

The mean modal sandstone compos ition ís sirriilar th ro ughout 

rhe unit and il is therefo re possible to ínfe r that the lithology of Ihe 

source area remained consrant during deposirion of Ihe sequcnce. 

Sand stone diagenes is is limited t O mina r compaction (e.g., 

defo rmed labile grains) and patchy carbonate cementati on . The 
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deposits have retained a high primary porosity whi(;h is locally 

reduced by calcite cemento This forms a porosity occluding mosaic 

and/or rims around monocrystallinc carbonate gralns . 

Subunit 2 

Channel sandstone grainsize and sorting is SImilar to that de

scribed in subunit 1. However fine grained channel -fill sandstones 

occur more freq uently in subunit 2. 

The modal composition of the extrabasi nal components is 

similar tu tbar of the underlYlllg deposits indicating crosion from a 

hinterland of similar geology. 

28 

Figure 8 
FrarIJework compositwn vf s"ndstv"n, 

NCE 
• 
" ", 

I 

o s, , ",'" 

O S"~'";' , 

A 

~ 

~ . 
FR\ 

NC¡ 

// 
'" - - . 

B 

o 
aD-------c,'"o·~ C! 



H owever, differences are noted in the compOSltlOn of in

traclasts within the sandstoncs of subun it 2. Firsr1y , a higlKr pro 

portian of micritic limestonc mtr.1clasts are prese nt th us indicating 

expansion of cak.1rcous pabi.'osol and/or p.1lustrine-l.1custrinc de

posi tion.1l cnvironments du ring scdimentation of the channd 
sands ton es. Sccondly , derrita l gypsum grains are pre~{'fved in lhe 

sandstones (NCr in fig. b). rn rhe absen ce of petrogr.1ph ic e\'ide nce 

the origin of the derri tal gypsum remains problematic. The grains 

!llay be intrabasinal or extrabasinal. However, the increaSl' in 

!imestonc mtrac!asts which accompanies the ¡ncoming of g)' psllm 
wou ld SllggCSt ¡h;¡t gralIl s were erod cd ftom contcmporaneous 

gypsum deposits (e.g., crusts and primary gypsum laycrs) which 

precipitated within the basin. 

The higher proportion of intrabasinal clasts withi n subunit 2 
indica tes a dec rease in tecton ic activJty and elev ation of the basl~ 

leve! of th e fl uvial system. Th is res ulted in a dec rease in the eros ion 

.111<1 supply of extrabasinal detritus to the Loranca Basin, combined 

with more active flU\'ial rework ing of the floodplain of the fans. 

~rh e diagcncsis of subunit 2 s.1ndstones diffcrs markcdly fra rn 

that prcviously describcd for sub unit 1. Two typcs of cement {'xist : 

1. Dolomlte; this coats all detrinal grains with a thin cnvclope of 

small crystals. Some gravitational or meninsus cemen ts are .lIso 

preserved. 2. Poikilotopic gypSllm¡ this cemen t forms large crystals 

(up ro 15 cm long) . In areas of h1gh abundan ce of gypsu m grains, 

~y ntax i a l ove rgrow ths have developed around th e~c gra ins. 80th 
gypsum and dolomi te cements corrode and replace derrital fra 

mework graios. 

Cementation occurred du ri ng and soon aEter th e deposition 

(eodiageneric) of subunit 2 sandstones from high])' sali ne vadose 

and phreatic pore waters. The increase in groundwatcr salinity 
during deposition of subunit 2 correlates with the increase in base 

k've! of th e fluvia l system and !ake leveJ highstand . 

Primary porosities with in subunit 2 sand stones are low due to 

cxtensive dolomite and gypsum cementation . Howeller, in sorne 

channd sandstones, tc10diagenetic dissolution of gypsu m has (.1-

ken place resuhing in high secondary porosity values, Dissolution 

has mainly affec ted detrital gypsum grains, prim.1ry gypsum ce
ments and rcplasive gypsum cements after carbonate grai ns, 
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STOP 1 
Example 01 braided channel wi!h 

sand Ila! preserva!ion 

Km 43.8 ba:.: 'c ,,, Torn h",ú t ~nd \iil!areio - rerifilfb~" (jig. 'J) . P~rkmg,;ie h ¡he 
m e/d. f.~pO; ',"f lO m 10 ¡he w h/h 

The outcrop has a lateral extent of 170 m and is formcJ of two 

supenmposed palaeochannel f¡lIs ( fig. 11 ). Burh palacochannels 

were filled by braided rivers . At rhe top of the lüwcr channel fill an 

abandon ment of pan of its active bed can be re\:ognized; 10 COtl 

trast, the upper lhannel sequence of srructures lIldicates a pro

gressive incorporation to the actiye bed of the systcm. This dc

duct ion implies the connection of rhe uppn channe! with at Jeas! 

ont' active channd locatcJ latcrally 1Il a lower topographic leve!' 

The interpretarían of braided river actian (Díaz -Molina, 

1983) has bcen based on : lhe presence of smaller imbricate chan

neis (una A, fig. 11 ), the preservatlon of sand fl at sequences alld 

geometnes (units 8 -2, C -2 alld e -3, fig. 11) alld lasdy, minar 

chanllel inC1sion Oll {he bar> (units B-2, C -2 and E). 

The sand fiar 5cquenees begm wJth foreset cross stratification 

whieh 15 the internal structure of transverse or linguoid bar,. The 

foreset noss stratification overl ies scoured surfaces (figs. 11 and 

12), and this suggests that the bars have formed in arcas of flow 

expansion (Cant, 1978). 

Within {he bar foreset cross stratificarion , rhere Jre mulnple 

cOllvex upwards erosion surfaces, whiCh have clearly been forn:ed 

by superimposed bed forms (Me Cabe & Jones , 1977; Levey, 

1978). Th is type of reactivation surfan' and the ehannel ineision on 

bars are considered to be modifications formcd at moderate ro low 

rates af fal!ing stage. In rhis exposure, reaeuvation surfaces cannot 

be considercd a modification since they appear from the bar ini

tiatia n and throughout ltS development. Occasionally reactivation 

surfaees are present for only over a shon internl, perhaps lIldi 

cating stage changes du ring bar migratíon as Cant & Walker (1978) 

have suggestcd . 

The horizontal upper surface of rhe foreset eross stratificatían 
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unit in B-2 amI C-2 (fi~ . 11) has invol\ed a I~,\"dling by ('ro~ion. 111 

rhe Plauc Ri\'l'r Ihis kind of ero~iOll on bar~ origin.ucd by ~hallo\\ 
and I! igh \'(;~lo("ÍI}' \valer during the blling of Ihe ~tabe (BloJ getl &: 

Stanle}', (()SO). 

In one of the eK:J.mples of bar a~·~'f~,tion. llnít B-2, ch;¡ng,'s 111 

tl lC ..:n:st line hn'e becn dedllced ( fi g~. ( 1 and 12) . These d\:J.llgc ~ 

could llave happened dunng continu()us fallíng SI :J.gl', whl'n b.lr'~ 

dewlop irre~u];¡r or :J.symmel ri";:J.I pa ltlTnS (Cant & \V alk er. 1975), 

Tlw migration change lO lhe Ti\'er m,trgin dctluced in uní! 13 -2. 

could also have origin:J.ted as:. resul, o f d{'{T<:aSl' in ch:J.nnel depth. 

as has bl'('1l dl'scribed in Ihe Pbtle Ri\'er (Sm ilh, 1971 ). 

Aggrad:Hion on rhe ba rs w:.s J~mci:.ted wl\h nppll' CroSS-bl'd
ding (U-l, fig5. 11 and 12). Thl' :. ggrad ,ltion ocurred during high"r 

St;¡gc~. as in the Sasbtchw:J.!l River (C.lll t & Walker, 1'J7X ). 

The bars ami sand fiar de\"elopTllO:lll was contelTlpOr,lneou .~ 

wil h Ih e ch:J. nn el in fill, Sln("(' dowll('ul'I'elH a sllllu!tam,ous aggr,l

daríon ~'a~ produced by dUlle b,'d fOl"m (unas B- l :lnd C. fi g. 11 ), 
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STOP 2 
Braided channel. Preservation 01 the 

convex up morphology 01 composite bars. 
Upwards evolution 01 the channel 

lilling architecture. 

Km ~ _ I ba,,,er" HUflf .",d M()"(" h.,ill,, de H"flc (jig,;. ') ,,,,d lO). I""'¡"¡ng -,ile Ot1 , ! 

¡r,;ck 10 Ihr hit of Ibe "O,,,/ 

The channel fiJl h;¡~ becn d iv¡dcd into (, units, <.:orrcspomh ng lO 

successive aggrad:uional stages (fig . 13) . The body 1S 4.JO III rhick 

and has a lateral cxtent of 57 Tll. 

Unit 1 consists uf ;¡ composite bar mterpretnl to h:lYe lud :l 

[iguaid form o Thc bar bocly externa1 geometry IS convex in :\ 

'iection perpendicular ro rhe How, and jts interna! structure 1$ 

formed hy convex laminae ovcrlai n by large-scale nüss -st r:lt ifi

CJuon at the topo The cross stratificatlon was prob:lblv re]atcd tu 

d une migranon un rhe stos s s¡de of the bar. Th e bcd fo rm surf;H.:e 

has heen on l)' lightly erodcJ, md its preserv atían may be J COIlS(, 

q ucncc of a rapid fa]l of dischargc, tbough very large bcd for ms 

may no t adj ust even with relativdy ~Iow changes 111 disehargc 

Gones , 1977). D iscbarge decrease \Vas p robably accom panied by 
th e expos ure of tbe maero -bed fo rm as a b raie! bar III rhe riv('r bed . 

In unit 2 the su bsequl'Il t discharge 1I1uease [uu ld h:I\·(, p ro

duced la teral accretion umts on the bar . 

U nit 3 is malllly formed by foresct eross stratificat ion \V hlC h 

is rhe Internal st ructu re o f bars. Palaeocu rrcnts lndi catethat the 

fluw was transv erse to th e topugraph ic 11I gh formed by un ir 1, 

though sume ligh tly scoured surfaees hm iting the internal 5lruc

tUTes o the bars may have originated by a How perpendicular tu the 

outcrop (flowing tu rhe easr, sc(' fi g. 13). Laterall)' a large com po

site bar deve loped, growing tu the margin of a channel. O n lhe 

Stoss sid e of lhe bar, ripple ane! d une bcd -forms migrated anJ the 

bar overlay silty depusits wl1lch are a rdic uf a previo us lowcr 

stage. 

Uni ts 4, 5 and (, consist of ¡mbncate minor channcl f¡lI s. 

Thuugh the braided pattern persisted , each successive stream chan-
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nel was fu rmed b;.-' lhannels of srnalle r dimensions (Díaz -Mohna, 

1979 a). With the progressive aggradJtion and abandonmenl , Ihe 

chann e] bed was probably (,xCl·ssi\"(~ly wldc In rclatlun tu tilc ava ¡[

ab le discharge , amI fluw \Vas lonfin ed lO sm;d l channels where 

npple bed -forms predolTl mated . 
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STOP 3 
Stacked low sinuosity palaeochannels. 

Water escape structures. 

Km $.5 hl!lW('en Hu('/I: "nd Mo"c.tlt-,HQ de fI"Nr (fi~, 10J. p"rking me ,,'1 ., ¡r,,,·l.-

10 ¡/¡r " 'I,ht. 

This auterop ha~ a latera l cxtcm of 100 m ami f¡ve stacked pJ lal'o~ 

channels can be Jistinguished (fig. 14) . P;-tlaeodlannd local trl'nJs 

are to the norrh, north -west Jnd ~outh -we.H. Earh uf th t' .~e channd 

cxamples appears lO have been of low sinuosit)'. 

In mos! of ¡hese pa lacoch:m nel ¡nfills, foresel e rOSs stratifi 

cal ion relatcd with bar bed form is the predomi nam sedi mentar)' 

structure. Bed forms on (he stoss ,ide of b ~lrs llave btcn 0((;1 -

sional1y preserved. Bar un ig are ¡solated Of superimposcd. l n the 

former situation they ma)' be dclimited by erosional surfaccs ind i

cati ng Stag{~ changes betwccn the aggradationa! bar unilS. 

Channcl aggradation with cross-channe! ba rs seems lO be rhe 

predom inant charactcristic 10 th ese exampl es. r\cc umulatiorl from 

cross-channe! bars was comemporaneO\IS with aggradation al ¡he 

chan nel margins (e.g., P 2 in fig. 14). 

Water escape structures appcar abu ndant!y . H ydroplastic de

formatio n and pipes are frequently associated . Liqudanion is al so 

present in palaeochanncll , where it has becn croded ami bllried by 
the thicker pan of the next chan nelized bod}' (fig. 14). 
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STOP 4 
Successive aggradation stages of 

a low sinuosity channel 

1\m l .1 J,<,!","""" 1/uel.' .mel .lfonr.'¡"¡I!() ,Ir H"Cl t' lfi¡;'l_ ') "tUllí))' P."klng "'1<, IJI 

km (, ,9 W I/'(, rig/¡( uf rl", n}~d. 

Two low slnuositv pabeochall nels can be H,knti fi cd . The lower 

ch:lnnel bod~' shuws a srction pJrJllel lO the channelloctl trend, 

""hi le the upper on l~ !s pnpendicubr lO lhe channd. 

Cross channe l bar stru cturcs are p rt'sen t in th e lower r hannl' l. 

A'j In plTvious cx :tm ples, thelr formatl on h as bcm cOlllro lled by 
Ih e positlon uf pre-exisllIl g minor channels Jn rh c rin: r bed. 

T he lower lhannd h ~'i bttn divi ded imo severa] aggradatiol1a] 

un its ( fi ~ . 15). Four d iffcrcnt types of facies :lnd bC les JSSOClJtlOns 

luve bcen ¡demified si milar ro tho'ic characterrs ing the S;¡Skatch l~

wan Rivcr moLle! (Clnt & Walkcr, 1978). "fhey luve been namcd 

to IIl<.hcate rhe process o aggradatlon rh~r ha s been deduced: 1) 

lIl -c},:J.nnel deposlt ion, 2) cross-cli annel bar, 3) sand flar 'Jggr:J.

dation, 4) cross-(han nd bar ami chane! :lggr:J.d:n ion . 

The s:J.nd fl:J.l in this cxam pk (u nltS el :J.nd e2 , fig, 15) con

ta ll1S one large pbrur ubular set, \JO m long :lm! 2 m th lCk, with 

changes ll1 rhe foreset l:J.mi nation geomerry, associ:lred with the 

downstream k ngtheni!1g of the bar (c, fig. 15). This phenomenon 

could ha ve on.:urred durin g the lowering of the nver stage, when 

eXI):J.nding flo w downstream of the nucle us results ll1 rhe den'lop

ment of horns (C:J.nt & Walk er, 1978). At rhe IH'xt high stage, up to 

0.75 m of b rge se:J. le cross stratifil'ation was depos ired on rhe bar 

(e -l, fig . [5), which downcurrent evolves to a !lew dcpo'iir of 

foreser cross stra tifi<.:a tlon on the !re side of Ihe previous bar, 

S:lnd flal dllIlenSlons in thls cxamp!r are sim ibr to rhose of the 

Saskatchewan K¡ver (C :J.nt & Wa lker, 1978). 
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STOP 5 
Example of an intermediate 

sinuosity palaeochannel 

Km !J.8 brlwl'rn Abi~ ,Ir /;, Obi¡p .. /¡" uml ViII"""...:'" dr Iv> E.wderv) {Jlg - 'Jj. 

I'~yki"g ¡it~ by ,hl' "",ul. 

The exposurc has been formed in a three dimcnsi() n:J. I- la r~dy :u

cuate body which is imcrpreted as a poi m bar dt'posil (D b z-¡\1 oli 

na el al., 1985). Th is intcrpreution has heen bascd not on1)' on ilS 

external geomctry, but also bccause in a scc!ion parallel LO a bcn d 

radius, low angle hltera l :J. (;(; rctÍon units ,nI: present o In Contrast , 

along Ihe channel bcnd, rhe depositioml units only revl~al n'n ica! 

aggradation (fig. 16). 

T he geometries :md facies relationships of thi s eX:llnpk d iffer 

from rhose of high si nuosi ty poin! ba r Jeposits in Ihe sanw basi n. 

The geometry of rhe \IIhale bOO)' is more elonpte th an thl' poin t 

(.:rcsc ent bar attached 10 rh e inner meandtr bend of high si nuosi ry 

river cxamples. In addilion, rhe p;\!aeo(.:UlTt'nt ObSCfY:ltions along 

the wholc palaeochannel reveal Ihal lhe flow lines 1V('rc nearly 

paralle! lO rhe hend , insrtad of bl'ing dl recteJ towards tlll' in ner 

ban k, 

Al the base of Ihe palaeochannel filling. isol,llCd cong1omcr3 ~ 

lic bodies are presene Thcse conglomtr:nic boJies ha\"(' bwn for

med main l)' by grave1 bar aggradation and Ih ey arl' im erpn:tcd as 

compos ite bars. T he discontinuous arrangeme!l\ o f thl' composltc 

bars, and their location 31 Ihe base of a p01ll1 b,lr deposit ~uggc~t 

forma rian by riffle and pool bcd migration. 

In fi g, 1(, 1'\\'0 logs through rhe arcu:ne boJy are pn:sentcd. 

T he section A is perpendicular 10 ¡he channel bmd, coim"iJing 

wirll a meander bend radiu s. In ¡his senJOn, uní t j shows a finll1g 

upwards seq uence . HOlVever , in senion 13 there lS no ~e<] un1t l ;ll 

pam'm of strunures . Tilc foreset cross str:ni fic:ltJon thal appcars 

in scction B (fig. 16) is in terprctt'd as Ihe II1tt'mal Sl nu.:tul"t' of O;lrs . 

T hesc bcd fo rms could have o riginated from flow e~pamioll (Jn 

cnl ry mIO ¡hc channe l bmd. 

According (O Ethridge and $ch umm (1 '1 7~) , hl'rt, i~ a simple 
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ancl d lrect method for reconstructing !n!.leoc!Llllnel morphology 

,Ind flow duracteristics. T he values for thi s example obtaincd 

usin~ ¡his method ind icate an intermediate si nuosay . 

76 m 

10 J\\ 

W = 114 m 

D = 6.S m 

r 17.S 

P 1.6 1 

Qm = 110 m3/ s 

Qma = 70(, mJ/s 

S = 2.8 m/km 

rn a pn:\"lom ~tudr (Díaz -Molma et JI. , 19S5) the 1001 cx

posure W ;lS <.:ons uJ ered a~ pan o f rhe Valdeganga depositional sys

tem o HO'ivever ne\\' nllpping has reveal ed rhar rhls strJtJ!!,rap hic 

Sllccl'ssion helon gs to lhe Tó rtola depositionJJ s~srem. 
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STOP 6 
Stacked and adjacent point bar bodies. 

Longitudinal section geometry. 

Hu,,'! tu .Ir.u ~mlh'lll(" .,1 50D m l""'" 1ll1"re (figJ ') ~nd 10). P,¡ykmg m" by ¡he 

"""d 

Three d istinctive sandy bodics form tlw; exposurc (fig . 17), aod are 

mterpreted ;1-<; pOlnt bar dcposas. The nllmber~ t , 2 and 3 in figure 

17 indicare rhe chrono]ogic order of deposit ion . 

T he oldcr dcposit has a t hrec-dimenslOll::d exposure. In sp itc 

al" bcking :t fining upward ~cq \lcn((: uf scdimenury structu res (fig. 

17), hdico iebl How conditions can be decluccd fro m ¡he faet that 

rhe bed furms moved u¡n:vards J.found the who!c bar body. The 

su pcnmposl'd laterJ I accretio n un its indicate changes in rhe flow 

conditlOllS, assuClatcd \Virh each lateral :lccreti o n una . Thc bar has 

J. COTlvex geometry corresponding ro a section longitudinal ro the 

mcander bend (Dbz- tl'lolina, 1978 and 1984). 

Sand body 2 formed around and ad jacent thc pOlnt bar 1. The 

palaeocurren ts mdicatc an opposi te channe! direction. Th ough la r-
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Figure 17 
SI."ek <"Cl ,md "dj.lcem poim b.1r bodir; 

,,,,;t,,,,,, 'LA" " '\o' 
",e"", ' "oc' 10 ." 



gc ~c;J.le cross ~ ¡ ratificJ.tion is ,he only sedimentar:' struct ll r,: in IOf; 

J (fig. I~), a fining upward tendmcy c m be ob~(Tved bter~l! l" to 

the sou th . 

Point bar 3 overlics the earlier meandcr loop IOpograph}' \Vi lh 
ao erosional surface. It presents a fin ing upward sequence which is 

¡he mast (omOlon situation in th~, pOlnt bar depo~i t~ of the ¡ .or~ n
ca Basi n, 
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STOP 7 
Meander loop reactivation surfaces. 

Meander loop reconstruction. 

TrMk ro I/¡e rtghl, 41ef I/¡e bridge ,,.N" Ibe ,1/'l)'or Hi:;ef Ifi!!" , 9 ,,,,,1 fO). f'"rki"g 
,it~ by rhe fMOI Qf hQ,,~es. 

This cxpasurc has bren lntcrp rctcd a~ a meander loop wmp ll'x, 

formed by adjoining pam! bar bO<.lics (fig. IS). A single poiO! bar 

cansists of a sel of conformablc ¡aH'ral :lccretion unilS ¡ha! fine 

upwards. Each set of lateral accretion u nilS shows a different Iype 

u scctiO!l, transverse ar approx imately longitudmal; rhe formcr ;tre 

charactc ri zcJ by a CO!l\'CX arrangcmem of ¡he seIs. The \Vho lc 

mcanJcr loop scction has an tmdulatin g upper s \lrfan~. 

Betwccn two aJpccm point bars, a well defined surLlrc l'xists 

which can be considcn:J a reactivarían sudace of Ihe ll1eander loop 

(DÍ3z-Molina, 1978, 1979a ami 1984). T wo types of re:lctivation 

surfaces are present in this example: erosional :lml conform:lble. In 
e¡lher case, Ihe ovcrlying poim bar may sllow onlap over Ihe pre

"ious o lle. T he erosional type is disti nguished when the undl'rlying 

point bar has been erodcd, ami this is ana]ogous wit!! the erosional 

and slightly discord ant lateral accrction ~u rfaces desu-i bcd by 
Allen (1982) . The reactivarion surfa('l' is conformable when il coin

cides with the deposirional topograph y of th e un derlying puaH bar 
body. 

'fhe cha nges in poin t bar migrations of this uurerop h:l\"C~ been 

drawn in figure 18. Esrimations of the morphologie and hydro

logic characteristics, using rhe method of Ethridge &: S("humm 

( 1978), were m:tdt· from rhe t ransverse section through thl' laSt 

point bar body (D í.lZ -Molina et :tI.. I lJ1H): 
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\yr = 19.4 m 

D'f = 6.3 In 

W=29.1m 

0 = 4.1 m 

1-" - 7.17 111 

Qm "" 11 m·l/s 

Ql11a ::: 151 ml/s 

P -= 2.06 

S = 0 .42 m/ km 
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Figure 18 
Me,wder loop re'''rlirn'ctwn. 

' . 
~" 

Outcrop scheme 

crevosse splay 

/ 

Surfaces delimiting latero l occretion units 

Surfoces del im ifing point bar bodies 

~L --::;;= :I~-+-
, '--_ 1 " 

identi f ied point ba r bodies I I I I 
l .. ! I ~' 

', . . ... . . ..... . . ' ~ ..• " ,/ , / 1 
. / / . . . . } .' •. •• ' 1" 

r .1 ~';et{t~gR I "'V/~ /17 ¡ , 
' .// ' 

- Serall bar geometr'j ond meander loop migrot i on 



STOP 8 
Meander loop. Preservation of lateral 
accretion surfaces. Chute channel fill. 

km OEI (A -102). I',,,k,,,i!. JIte lo ¡he '¡gh! by ¡he 1",' fllon be/we"" ti", Vill.db" .Id 
Rey ro" d arl/ ¡he .\ '- 201 ro,,,¡ ({¡gl . Y ami la). 

Two aJpccm point bars are prcscnt here (i\ and B, fig. 1')), 
showing sections nearly transverse to thcir mcander loops. The 

pOllll bar bodies can be d istinguished beca use of the d iffcrmces 1Il 

rhcir vertical th ickncsse~ . 

Pomt bar A shows a fimng upward scquence lIlclu ding brge 

scale trough cross strati ficati on, large s<: ;¡ le planar cross stratifi

cation and srnall scale cross stratificatlon. In rhe Iargc scale planar 

cross stratificat ion, reactivation surfaces, which relate ro bcd form 

~upcrpositiün, are abundant. 

The adjaccnt point bar B, in fig. 19, does not show a fining 
upward sequence, In the lower sub-uTIlt of the point bar depo sit , 

ami intcrfingering hetween Iarge seale structures, finer gramed de

posit~ wirh ripplc cros~ srratifieation have heen preserved. 

In both point bar deposlt~ rhe sedimentar)' structures were 

made by bed forms thar moved up the bar bod}'. 
The meander loop fo rmed by the adjacent point bars has been 

eroded by a chute channel (fig. 18 ). The chute ¡:hannd infill con

sists mainly of foreset eross stratiiication , and lhe topography of 

lhe bars has been parnally prc~erved. 
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STOP 9 
Development of seeondary ares on the 

perimeter of a meander loop. Geometry of 
entire meander loop deposits. 

Upper transition to gypsum deposits. 

Am í I h¡-""u" H"'élC ./IIct ..I/' II/(.,/;.,/Io,fe Hm" '- 1111." 9 ,..,d 10: , f'.,,¡ • .'in¡:. 111,' 1<> 

r/¡,· I,~(I u/ ¡he , ,,,,,l. 

Coming hac k \O , he .stop 2 loc::tlit)' ;lnd in a higher strangraph ic 

.si tuarion, meander loop rornpkx deposilS can bl" ohsen -ed (part~ 1 

.lIId 2 o( thlS SfOp ). Further In rhe s t rati~raph ir succes_~ i ¡)n, dI{' 

lliff('fcnce~ betw{'{'1l Sllbll nit~ 1 ;md 2 uf Ih e Tonola depmitiol1:11 

~~·~tCIll can :\lso be n.:alllllled (p:ln J). 

Parl I 

EX:llllple uf mCJnJer loop complexo '111'-' Ollh:rop is three-dinwn 

~ iun;1 1 and changc.'> m rhe d irection of mi~fJ.tion can bl' sccn on lhe 

tOP uf ¡he deposit (fig. 20), The mode uf lateral Jccrctlon ()f ¡he 

point bar.'> IlJS been irllerprl'tt,d using meJndn growth -plllans uf 

tlll' 13e:\I011 nver (HlCklll g. 1')74). Figure 2 J shows ;¡ reconstrll~: tion 

FiK.,~e 10 
rXfNl, ... ,1 m ... ",d .. , l<J<Jp ,,,,/.'c ... 

" 
-.... OUTC ROP SC"[ME ~--

- Sur fote> de limi " oq IO lerol ocer tlion unils 

- Reocl ivo l ion ~ .. r locu 
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of the meander loop 14rowlh (Díaz-Molina, [979a; Díaz-Mol in,1 el 

al" 198;). In recen¡ nll'andering ri\'Cflkp(l~its it has bcen ohsl'rvnl 

that thc dongati on of simple loop dOl's not con ti nuc md efini tt·I:· , 

ano tha! rhc)' develop a scrond are on thl"1r peri rnctcrs (l3ri o.:e , 

1974 ). The sucn'ssive poi nt bar d('po.~ i ts teml ro develop \vhl"lllhe 
channd bend reachl'S ,1 critical cur\",Hure, inereasmg the r;ulius of 

ehannel curvatu re (H icking, 1974). 

"fhe emire body h :15 an upwards-convex uppcr bound.lf)'. and 
this gcometry co rres ponds tú ¡he Lm poi nt bar, \vhich hJ.s bel~n cu t 
longitudinally . 

Part 2 

"fhe nex t sand y body has a latcrall'xtent of 400 m and a ll1:txi murn 
thickn{'s.~ of 10 m. Th l • body J.S a whol..: was formnl by hOlh tlll' 

lateral and ven ical stat:king of high sinuosit)' river deposits (Día/.

Molina e! al., 198; ). Th e body has a nearl)' fla! nmiona l bas,', ,Ind 
jls upper surface undulates, 

Two distinct aAAradationallevds can be dis!mguished (1 ami 
2, fig. 22) . BOth aggraJationa.\ b·c!s w('re formed predomin:mtly 

by nwanJer loop deposits. 

Fig"re 21 
DI-vr/"pmmt of ¡ewTl//"ry aro. 

,~,0 ,rr~ ,011 \il ;~ :~ I ¡ \~·:I \~ .. ~ 

IoIIE ANOER LOOP EVOLUT IO N 

6J 



(; 
o. 

( 

. r' 
:~ :, 

.. ~ 
. . ,.' . 

, 
o o 
= 

" o 
"",-a " 
~ .2 
,"O 
o • 
o • 

u 

o 

Z3: 
<lw 
-' 
eL> 

N 

• o 
~ 

E 
o 
u 

-o 
o 

eL 

6(,L-------



L~'\T] I shows tlll' I.trhr~[ LUer:l] l'XpU~lIfl', l ... l o~1 of dl~' ~l'l' 

lioll S nH point b,lr ~ elJlIl'II{'(:S, but Olle J11,I ~ ' ('orn:spond 10 a "1.111-

11<:1 fill The ch:l l1n <:l fill J~ ,1 ~Jlllh' composirl" b.lt' deposl\ (fif" 22), 

fürmnl b\'.1 flo w ",1.' lll1 d iv:d bctwttn tl\'O Il1l"Jnder loop hodil'S. 

1I l"ould n-Pl"l'sent .1 l~ pe of rhut" b,lI' dq)O~it filling an .lbJndolH'd 

llll",lndering .,;han nd. Thl' COTlvn up .¡rr:HI)!,l'llll"rH in dw b.lr iore~t" 1 

i~ int~'rpn:[ed .1~.1n :Iú"fl'tion.ln' f<,.ltun' n'~uh inf, frorll dw migra 

(Ion of .1 linguoid ..:n·q. 

LCI'''] :2 un bt.> ex,lIllin,·,1 un th,' top, .\11,1 the h teral :1.::.::rc.'110n 

p:lltt'rm uf the fOLll" pomt ba r lkp(\~ it~ IOrll,ing rhe whoh,' body 

h,lll' b.:¡:n rl-p r"~ ,,ntl"ll in I·¡sur.: 22 . Thl' ~k':lch 111 figun' 22 1l1dic.l

tl'~ ,1 reI.Hi,el\' ~t r .lighl sq~!1lt[\\ of J rhanlll'l.lrou nd a brgl' bl'nd. 

Par¡ 3 

In SlIbll lllt 2 P,ILtl·(h:h.l1ll1.:1 , ll~p usltS arl' IL'~~ In::<'jll(:nt and 111 gl'ntr,d 

lh,'}' 11 .I\e smalkr dinll'nsinn~. T il l , ruJüur l'an he uSed 1ll di~tlfl

gUl ,~h lj¡{ferent lypl' ~ of ,~ JIld hodies in ~ubunlt 2. T hus . in ~ubll nit 

I ~Jnds toTle depmi ¡~ Me d.lrk vellow-gr"y. whilt in ¡h t ~ubunjt 2 
t111~~' Me' while lO liglll gray bodies, Al SlOp l O, Ihc rd.H ionshiEls 

bl'II\' ('('n sandstone colüurs and diagen<'li..: C\'l'nts are an3.I~'seJ, 

S~ndstün l~ eX!r.lh ,l~inal componnlt s (quart/, K-fddsp ar ,In(\ 

~'akal'tous rOl'k fr,l glll l'nt S) are p resent in sim¡[a r alllount~ in su· 
bunH 1 .lrld L Only ~ .~li~l lt m..:rea$e in qU:l!"lZ componcnts is 

o bscrH'd in .ml11e s,lIllpln of subunil :2 . Thi~ l'omposi ¡IOn is rh.l

rJ("ll'ristic of J ~.'l eSO:toit: rot·k pw\'cnance (sand~lOne Jnd limesto

lll' ). and I"e\"(' als :1 ..:ons!.ml romposi lion of sourn' J!Ta. 

f IÜ\\'é"cr , SO[\lC importan! differenn's in intrJbasina l ~1'Jin 

..:olltent Iwt\Vl'l'n both un1lS l~XJS t. Fi rsl, tlW1"l' IS an H1Cre.ISC of 

cJrbnn,lle inl rabasina ] gr ,11n~ in subun lt 2; .1 nd se..:ondly, non-c.l rho

n~Il' intr:tbasinal grains (gYPSUTll graim) appe,ll" onh' in su hu ni, 2. 

Diagmcric fe,ltures also d istin);;uish the sandslOnes of diffe

ren l unit $. SCJrlT cerncmatio n tn subllnit 1 sand bodll~S tJk e~ th e 

fo!'m of caleite nwsaics. In contraSl, Jbundant ce menla liun by do

Jom ite and gypsum has oc urred in ~\lblln1t 2 palaeorhannds, be 

longing 10 Ihe Tórtob fhl\'la] sys tem. Gypsum cement gi\'e~ J 

light-gray and ""hile colo ur 10 sllbunit 2 sand bodics. 

Remanent primar}' ,md :t linle second:try porosity appeJrs in 

subunit 1 sandstones. Sandstoncs of subunit 2 hav.: very Jitl le po-
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ros itl' b~c\ usc 0 1 OCc lu$ lon 0 1 pores by gyps urn cernent . However, 

sorne salid bodl<os have suffe red :lll imells e de(erne ll l~tlO Il bv th c 

suluriun uf gyp,'iU lll (T llll'nt T h ese deposi ts a re very d:lrk grey III 

(olour. 
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STOP 10 
Channels wilh gypsurn cernenl and 
decernenled sand bodies in subunil 

2 (Tórtola fan). 

Km 9.3 b ... r{C~en ¡I"el ... ",,! .t!(}II("h',lIo d" Huele fix'- 9 ,,,,d 10,. I' . .rkmli ,Jlf.' 'm ,1 

/r,l(k ID ¡he .ighl m km 9.2. 

Al th is loc:t1 itY:l palacücha nne! W II\¡ {WO rypcs of s:lnd bodies C,UI 

be ex;¡minnl. 'fhe p:HllCular imeresl is tlll' ..:ontrast In diagl'lw~is 

between: a) gypsum celllented sand boclies, and b) dect'l11entn l 

sand bodies (fig. 23 ). 

Gypsum cemented <.:h:mnels are clnractnized by ligh t -y,ray 
colour. Thc texture of lhe o.,:cm mt is poikdotopic an d cryslals var;.
in S;'I.e betwccn 8 Jnd 10 cm . Thc internll stru n un.'.'i of tlle sand 

bodies are wel] prcscrved, 3nd the ccmelll l l;on ;¡ffcns deposits of 

all grain size. Howc\'cr. coa rse bonom deposits, ch:tractn;z.ed by :t 

highcr comem of intrabasinal grains, ha\'c more conspll.; \lOU .~ do
lomite cement o 

Decemented sand bodies appear ,gsocia tcd "útil lhe g)'pHl lll 

eelllen ted deposi ts . In the exposure thl'sl' deposi ts are dark-gray in 

eolou r. 'nley sllow an irregular like-Il'ns shape lacking strarigrap

lIie control. Primary structures are poorly preserved. Ohm rhe 

upper surfaces of these bodies are discontinuity surfa(;c~ (c. g.: 

surfaces bctween Illlnor channels). H owcvcr, the lower sudace.

are more irregular and cut depositional structures . Freq uently, dt·

cementation affeCTs the deposits of whule channels. Tbis decemen

tation was due tú the solurion of gypsum ccmem and lIS repla 

cemeot, which took pla('e in a telod iagenetic stage. 
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STOP 11 
The «tubular chert»: key lor the 

interpretation 01 gypsum sequences 
in the Loranca Basin. 

Al this stop il is posslble tú sec an I: .\posurc uf ~\'p,tlm, (];l\'S ,Illd 

chert , which cOl'responcl to ¡he top o f ~lIbu lllt 1 J ild subun n 3. 

\X' ith!ll rhe strnigr.lphK successiol1 (ri g. 24) tlH.' n: .In' t\\" o 

main lit hofaul's uf ~ypsu m: powdn and COm¡)JC L T he "powdn 

gypSUITl,' is poorly compactl'd ~md porol!> .. md in sc\'efcll C.Ises. 

sIlu ll and brge sede cross -stra¡ ifi<.Jt ion lS p rnc nt . 'file g\'P "Ulll 

cry~tah Jre wd! diffcrcnticned eme! luve lentlCll L1 r ~h Jpes . T hl'II' 

lengths USllJ lJy \'a ry bt'twcl'Il 50-500. J. lthough ¡)I<" V m.,; be ~1~ long 

as 1 mm. Sc arc(' ped utubulcs :l IT conta ined lJl Ih is litho L\ci ('s. 

In the compact g:y pS1ll1l, tlll' rO~'k IS l'umposed ent irek 01 

verti cal and subvertical pcdotubules (I1rcwn. 1%4). The g;V SUTll 

crystals have ¡he same Slze all e! shape ~\$ tho~t des..:ribed 111 the 

previously-mcntwned li th obC1CS, :tlth ou~h th e\ ~In; freq u('ntl\ 

we1ded. A longit ud inal scrtJon throu~h a ,cdotub ule shows SllC 

ce,'isi ve meniscus brnll1:t l1 ons . Thesc 1:tJl1mations ~Ul' formed lw 

lens -shaped gyps um cr~' s\als ahgned m the dircdion uf tllc ir IlLl 

ximum lengrh which 1$ parall el to th" nystallo~raphK ,¡xi s (fig . 

24 ). In cross-sectiun , the gypS UTll crystals are ar rangl'd around ,¡ 

vert ic al aX1S, oftcn li ke concen tnc bands . 

The meniscus lanu natwns are ék'ilTibed in ¡he sHiot ubules 01 

Brewer (1964) :tnd freytet and Pbnat (1982), among othLTS Thev 

are generally cons idered to he anima l burrows. 

At the base of t be suatigraphic sll ccessioTl (Iig . 24), th e len ti 

cular gypsum crysrals grew ln bed s of dolom icrite. T hese beds 

contain the previ ously -desc ribl'd bioturbatlon struct ures, hlll l:ICk 

the clastic bedforms. 

C he rt forms uneven beds and nodules between a few centiTlle 

tres and une metre in tlllc kness. MJ.ny of th em hav e the tubld,\!' 

bioturbation st ructures . 

Thc distr ibut io n, dimension s and shapes uf the tubules are 
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Figure 24 
r O!; ¡hm"gh gyP;¡;'" del'mit .' ,¡! Ih\ IOp 

Oj ¡b" Upprr (¡mi. /, ruhO/II ." ", 
ch.,,-op/n'/es; J,. Slnu¡" b"les; 4, larg< 

<ule n''';; 51r,, {¡(ic.1Iw¡¡, ), .Im .dl ""le 
;m." ,-l r,mj/cn";rI , ó, !l1J.'s;"x cherl , 7, 

!('''IiC/.I,,,. XypSII'" a yst.;!,; 8, rI'''' 
" fcrl llfi .tfAp Slr¡¡cr,.,.e; , 'J, .'hnl: lO , 
KVP'-;;'" 0',,>1; // , dotmn¡cnte; 12, 

w",p~,·: Kvp",m : !J, p().,¡;der gypJ ;W¡, 
f·l , d~v<,y """l. 
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more ev¡dent jJl r\w chen th:m in t he gypsum deposlts. "fh e tu bulcs 

~n: ll~ually pa rallel to e:\\.:h other but somctJlll ,~~ they transen eac:h 

otll er. O ccasio n;\II ;' lhey penet rate bedd ing surfa\.:es . The lengths 

of lhe vt'rt lcl.l 01" slIlwenical pedmubldes vary Irorn :\ fe\\" ct'nurne

tres tu about 40 centmu·tres. "fheir di.lmeters r:l.nge f rom 0. 5 10 

about 1 cm , althollgh th cre lS no vanatJün m the d l:llllctn of a 

slTlgle pedotllb ult' . The v d o nO l p resem e>.:tl'"rrlal orn ;1.Jnentatlon 

.\lld , general!y , thcy do not show down ward b ifurcHion (Iess lh :\!l 

[ per t housand of the pedotubulcs are b rane hed ). Bmh ft'atures 

(co!lStant dlameter ami no branehmg), tugnhcr wirh t he bu th:n 

SOllle ped ot llbules han~ meIllSCllS lam inatlo!ls, kad liS tu bd ie\"c 

tlut mOSI of ¡he pl'"dotllb ules are bUlTOWS (Klappa , 1980) . 

"fhe q uar tz textures, whieh mel ude length-slow chalcedon y 

ami sc\"cral rypes of mq;aquartz 1Il gcn n :tl, indicare on l)' ea rli n 

deposit ioll . 

In thl'"sl'" eherts , ¡here are many mi nute o rgamc -si ltceous COI'

p use ]es and oecaslon;¡l]y soml'" spores. These organ ic-si]iceous cor

puseles are rhough t to h;¡ve been forrned dun ng rhe e;¡rly s rage 01 

rhe silieification. "fhc first phasc os sibe:l. p recipitatlon contains 

pn:v iously (h sso lved organlC material ~nd rlwn organtc -siliccom 

corp useles we )"e p roduced . Thi s eo uld ind icate that thl'" en\"l ron 

ment o f rhe gypsu m ho sr-scdi ments was very neh 1Il orgallle nut

tn. 

Th e sc~rce structu res observed In thc powder gypsum pose 

difficulty ill interpretation o f the sedimentar)' en nro nments. Ap 

paren tly the gyps um bl'"ds wlth cl asti c structures (Ia rge and small 

sea!e eross-strar ifieation) eoexist with p nm3.ry evapontl'" gypSlIm. 

Thc rcworkcd gypsum IS difficu lt ro distinguis h hom rhe primar)' 

gypsum beC3.use the grains of the gypsarenites have the ,ame teXT U

ra] features as the gypsum primar)' er)'stals. $roops alld Ibwi 

(1981) eonsider thar loosc gypsum sands accumulared as a resu lt of 

mechallleal sortmg by water movemems on th e shore of sabkhas. 

These authors have also observed the eompaerion of powder gyp

sum by animal aetivit)'. 

In the stratigraphic succcssion there are shallowlng sequen ces, 

with eherts loeatcd at thc top of tlll'"m. These eherts appear always 

replacing the bioturbated gypsum. Thcsc biotu rbared gypsum we

re affeued by an carly diagenetic silieifieation which ineorporated 
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the dissolv('d organlC matnul. 'fhe si licific;\t1Ü1l was procluccd 

when the sheet of water was \'n ~' thin, near des iccmon . or wh(,11 

lhe grpS lI lll eTllerged (vJdosc CllI 'lrOllm CnTS). 
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