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L.1borato ire de Géologie des Bassins sédimentaires, Université Pierre Ct Marie Curie 
CI L.A. CNRS nU 319, 4 place Jussieu , 75005 Paris, France . 

Trace c le ment analysis (Mg, Sr, Na, K. Mn , Fe , Ni , C r. and Zn) of CYAMAZ 
ca rbonates shows Ihat a gcochcmica l cha ractc rizatio n o f platfo rm and post-platfo rm 
sediments is possible. Plntform sediments gcochcmica l siudy lcads 10 precise the 
palcoc nvironrnc nI and shows Ihat late occanic diagcncsis (which take place aCter 
subsidence of the platfo rm) docs nOI alter trace clement conte nts of rocks. An 
attempt of geochcmical dating (chemostrat igraphy) of post-platform sediments is 
made. 

Oeeallol. Acta, 1984. Submersible Cyana studies of the Mazagan Escarpmc nt 
(Moroccan continental margin) , CYAMAZ cruise 1982, 1982, 153-159. 

Teneurs en éléments traces des sédiments carbonatés de l'escarpement 
de Mazagan au large du Maroc (campagne CYAMAZ, 1982) 

L'analyse des é léments traces (Mg , Sr, Na , K, Mn , Fe , Ni , C r, Zn) de la fraction 
carbonatée de 48 échantillons prélevés lors de la campagne CY AMAZ mon tre la 
possibi lité de caracté rise r géochimique mcm les sédime nts de platcforme ct les 
sédiment s post-plateforme . L'é tude des sédime nts de plate forme permet de précise r 
les conditio ns du paléoc nvironneme nt ct indique que la diage nèsc tardive océanique 
(postérieure à la subsidence de la platcfo rme) n'a que peu d' influence sur la 
géoc himie des sédiments de celle-ci. L'a nalyse géochimique des sédime nts post­
plalcfo rme permet une approc he chimiostratigraphique de ce ux-ci, qui conduit à 
préciser l'âge du début de la subsidence de la plalcforme. 

Oeeollol. Acta, 1984. Éludes par le submersible Cyana de l'escarpement de Mazagan 
(marge continenlale marocaine) , campagne CYAMAZ 1982, 153-159. 

INTRQDucnQN AND METHQDS method describcd by Re na rd and Blanc (l97! ; 1972) 
a nd Re nard (1984). Duc to the presence of do lo mite , 
sorne sa mples had to bc d isca rded. The results arc 
summarized in the Table. To compensale fo r any 
possible pollution causcd by f1ushing out of the 
insoluble residue (i.e., inte rlaye r cations in clay mine­
rais), ail results are normalized to a 100 % CaCO) 
sedime nt o n the graph i.e. : 

Abundances o f Ca , Mg, Sr, Nil , K, Mn , Fe, Ni , C r, 
Z n rela tive ta the carbonil te fractio n we re measured 
in 48 samples collected on the Mazagan Escarpme nt 
during the CYAMAZ campaign (1982). The age of 
sa mples ranges from Late Jurassic ta Ouaternary. 

After crushing and washing in distilled water to 
eliminate pollution by sea wate r , the rocks were 
dissolved in acetic acid. Trace c leme nt analysis was 
carried out by ato mie absorption , according to the 
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Table 
Tr(J(~ t'ft'rtWfIf (Qflft'T! /S o{ (JUI'( (J"d $Of"bft' {r(J(IIOT! of cr AM AZ ~dUtlt'll/S. 

Teneur en éléme nts traces de la fraction carbonatée (fraction 50Iubie à l'acide acétique) des sédiments prélevés au COUD de la campagne 
CYAMAZ. 

Sample M, F, CaCo) % S, Mg 

SU 359. 192. 31.49 lOI , 108 
85.1 JI. JO. 98. 16 17. • 909 
85.4 S). 70. 92.95 142 "" 85.5 44. 49. 98. 16 161 '407 
85.7 SI. 15. 811.65 1S9 '0l0 
86.2 IS. 12. 97.84 307 4252 
86.6 185. lS. 91.41 289 5540 
86.7 lU. 43. 74.89 141 6639 
87. 1 19. S). 98.43 IS7 4909 
87.2 66. 103. 86.13 111 2872 
"'.J , 1. ,1. 85." 119 4 968 
81.4 17. S). 94.61 131 J99 1 
87.6 23. 50. 98.12 166 4311 
87.S 13. ... 97.82 106 3382 
87.9 559. SI . 23.81 277 7156 
88. 1 31 . J28. 97.70 104 4 713 
88.' 10. M. 98.02 119 3978 
88.5 "'. 01. 96.14 121 4 601 
88.' 113. 141. 74.74 651 5 954 
88.9 ". JI. 95.67 245 5 497 
89. 1 46. 62. 94.79 Ils 5668 
89.J 56. 45. 19.18 134 5 469 
89.' 91 . 38. 96.44 140 ,(]40 
91.2 13. 18. 98.80 '" 3912 
91.3 32. 48. 98.69 139 , 66J 
91.8 65J. 42. 20.06 161 9 126 
92. 1 921. 33 612. 81.63 2<3J 100933 
92.2 2<31. 253. 13.69 872 10803 
nA 113. 18. 80.32 422 11061 
92.5 58. 46. 86.08 J78 13 146 
94.2 14. 31. 98.3 1 119 4618 
94 .J 17. lS. 99.55 147 • 7'!0 
94.' 12. 29. 97.40 128 4 173 
94.9 34. 16. 95.94 IOJ 4425 
95.4 1142. 70'1. 7.80 56J 34 63J 
95.6 40. 52. 95.56 115 J681 
95.7 22. 45. 96.10 134 4581 
96.1 ,. 33. 96.81 146 4311 
96.5 185. 40. 14.7 1 710 6113 
96.7 IS. 52. 97.36 141 4373 
96.' 13. 16. 98.70 160 '''' 96.11 43. 52. 82.87 364 4872 
98.1 19. 49. 91.56 154 4449 
9RA 50. 69. 95.09 112 4518 
98.5 IS. 48. 98.81 168 5539 

100.1 123. 1083. 66. 12 861 7m 
100.4 112. 101. 71.83 611 6659 
100.11 216. 1()4. 86.()4 174 5 191 

GEOCHEMICAL CHARACTER IZATION OF 
PLATFORM AND POST-PLATFORM SED I­
MENTS 

Strontium-magncsium 

The strontium vs. magnesi um correlation graph 
(Fig. 1) shows gcochemieal differcnees bctween nCfitie 
and pelagie facies. For ncritie facies samples, there is 
a positive re lationship bclween st rontium and magne­
sium contents: for pelagie facies samples, the relation 
is negatÎve. 

This contradictory bchaviour (Renard, 1979 ; 1984) 
scems to bc due to : 

a) a diffcrcntial incorporation (biochcmical fractiona­
tion) of Sr and M g in the test of ncritic and pe lagie 
organisms; 

b) diffcrent physico-chemical conditions of diagcnesis 
in the two realms. On continental shelvcs intcrstitia l 
waters arc impovc rished both in Sr and Mg wilh 
regard to sea water by mixing with continental waters. 

N. K C. N; Ü L, 

3 982. 1 105. 358154 ". 7. 59. 
192. 39 . J84 968 14. S. I I. 
476. 152. 316 132 S. 6. 10. 
10l. JO. 386 ()JI Il . •• IS. 

1659. 366. 389 418 ". 5. JO. 
500. 52. 397 351 9. O. 29. 

1311. 2J3. 390 141 IS. 1. 32. 
900. "'0. 315 103 JI. ,. 37. 

1566. 40. 389 635 26. 4. 34. 
432. 212. 387 303 19. 7. 7. 
519. "". 316369 ". J. 19. 
845. 138. 387 528 ,. 1. 71. 
222. 31. 39 1930 IS. 6. 12. 
284 . 47. 379 293 13. 2. ,. 

5454. 2721. 32 1 150 163. IS. 131. 
352. 70. 374 ()49 20. 1. 12. 
5JO. JO. 372 914 14. •• ,. 
374. 73. 346 014 14. 1. JO. 

7 428. 1 423. 509 753 O. O. 261. 
484. 91 . 384 427 IS. ,. 26. 
393. 112. 370433 Il . 1. JO. 
901. 433. 343953 60. J. 17. 

1072. "'. m"" 11. O. 22. 
364. 13. 316495 17. 4. Il . 
31>. 16. 368"" 11. 4. 7. 

7 677. 3422. 308 301 284. 11 61. 
2793. 593. 218624 18. 4. 23. 

10693. 3115. 297518 17S. 44. 90. 
1359. 133. 350209 31 . ,. ... 
1 892. 163. 33 191Q 17. 10. 28. 

JOJ. 31. 318572 7. O. IS. 
351. 29 . 382240 7. J. 6. 

12Q4. 46. 369 267 10. O. 21. 
900. 122. 311898 14. O. S). 

41688. 28 989. 111 755 132. ,. 241. 

154 

466. 60. 375667 12. O. 19. 
1307. 57. 315476 7. O. Il . 

523. 36. 389 576 9 . 4. ,. 
10393. 2649. 276864 143. "'. 'J. 

588. 33. 3n031 10. O. 17. 
242. 16. 387018 •• J. 6 . 
907. 182. 374783 112. 10. 18. 
356. 41 . 395 484 14. J. 8. 

11n. 114. 384 672 IS. 1. 17. 
'24. 34. 378789 7. 2. ,. 

1658. 479. 368 316 265. IS. II. 
1934. 321. 372 026 138. Il. ". 732. 157. 370818 IS. •• JO. 

.. c,,, 
'" 

300 · 

100 . ... ... . 
2 no lOOO SUO 

Figure J 
SlroIllUlm ·mllgm~$III'" rt'/(Jlionsh,p III IIU' C YAMAZ ~dilt1t'''/S. fiG 
- h(Jrd·grmmd. 
Corrélation strontium-magnéSium pour l'ensemble dei sédimems 
analyst's kHS de la campagne CY AMAZ (1982). HG .. hard· 
ground. 



ln occan ic sediments, intcrstitial waters, which only 
rcsu lt from the diagenelie evolutio n of sea watcr, arc 
enriehed in Sr and impoverished in Mg with regard ta 
amblent sea waler ; 

c) contrast ing geochemical behaviour of Sr and Mg in 
the oceanic hydrothermal system. 

ln the present case, the geoche mical distinction of the 
IwO types of sediments is complica ted bccause plat­
for m and non-platform sed iments arc not of the sarne 
age. As Sr/Ca and Mg/Ca ratios of sea water changed 
during the last 140 Ma (Renard , 1984), il is diffieult to 
dist inguish geochemieal evolutio n linked to facies 
va riatio n from that linked 10 age variation. However, 
in our sa mple series, the first samples showing geoche­
mica l evidences of pelagie sedime ntation arc 96-11 
(Ce ntral Mazaga n Escarpmcnt) and 100-4 (El Jadida 
Ca nyo n) which correspond to Va langinian-Aptian 
bioslratigraph ie age. We shaH try later to dctcrmine 
Ihc age of posl-plalfo rm sediments by geochem ieal 
rnCl hods. 

Manganeseoiron 

On the correlation graph of these clements (Fig. 2) , 
neritie samples and pelagie samp1cs arc located in two 
diffe rent areas. For thesc two facies , the re is a 
posi tive rclationship between Mn and Fe , but platform 
sedi ments present about the sa me content in Mn and 
re whereas post-platrorm sediments arc enriehed in 
Mo . 
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Correlation m3l1ganèsc·rer pour renscmhl<." des sédiments analysés 
lors de la campagne CYAMAZ (1982). HG = hllrd-ground. 

Two samples (88-1 : plat form facies a nd 100-1 : post­
plat form facies) arc iron -rich and do nOI follow th is 
sc hematic pattern. At the presenl t ime, this iron 
enrichment wit h regard to the o the r S<lmples can not 
be explained. This is likcly 10 be an artefact due to 
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fragments of a mClallifcrous post-sedime nta ry crust 
not complete ly elim inaled du ring 5.'l mple preparation. 
For Ihe Sr- Mg as for the Fe-Mn relationship, another 
5.'lmpJc (84-5) is exce ptiona!. This nerhic facies sam­
pic, perhaps an outer shclf facies (von Rad , th is 
volume) , which corresponds 10 an oo litic hard­
ground , shows very low Sr and Mg conte nts. The 
implicat io n is that this diagenctie induration was 
influenced , at least part ia lly, by continental interstitial 
wate r lin Ihe case of sea water imerslitial influences , 
the sample should bc Sr-low and Mg-rich wilh regard 
to olher samples (Renard , 1979; Pomerol , 1984)]. 
Sample 84-5 shows also a Mn enrichment typieal of 
o ther hard-grounds wh ich cxplains the locat io n of this 
neritie facies sa mple in Ihe post-platform sedi ment 
area on the Mn-Fe relationsh ip graph (Fig. 2). 

Chromium-nickcl 

Allhough Ihe correla tio n belween Cr and Ni content s 
was not very stro ng, these two clements dist ingu ish 
platform and post-platform facies very weil (rig. 3) . 
The characterisl ics of platform sediments arc: 

[NilLl.~ ",.. 25 ppm and [Cr]IOO ",.. 6 ppm, 

a nd those of post-platform sed iments arc: 

15 ppm ",.. INi]loo :Ii 170 ppm 
6 ppm ",. [Crl1oo"'" 15 ppm. 

Figur~ 3 

Clrrorrriurrr-uickei relolio"ship i" the C Y AM AZ st'dirrreli/J. 

Corréllliion chrome-nickel pour l'ensemble des !iédiments analysés 
lors de la campagne CY Ar .. ·IAZ (1982) . 

Sam pie 89-3. wh ich shows post-platform sediment 
characteristies for Ni co ntent, and platform sediment 
characteristics fo r Cr con tent , is a breccia resu1t ing of 
a mixi ng of two facies. Sam pie 88-8 which has less 
nickel and chro mium is a mixi ng of diffe renl age post­
platform sed iments but absence of Ni and Cr in this 
samplc is not explainabJc . 

Zinc 

Zn conte nt s of post-platform and platform sedi me nts 
arc not significa ntly differen\. Samplcs 87-4, 88-8 , 95-
4 arc enriehed in Zn, but th is enric hment is not 
obv ious. 
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PLATFORM SEDIM ENT GEOC H EM ISTRY 
AND PA LEOGEOGRAPHY 

On the whole , geochemieal results from CY AMAZ 
pl11 tform sed iments are not ve ry different from those 
obtained (rom coeval platform sediments sa mpled in 
co ntinental outcrops (Jaffrew, Renard , 1979). This 
mcans that ocean ie late diagenesis (subseq uent to 
pla tform subside nce) in the case of CY AMA Z sam­
pies or meteoric late diagenesis in the ease of cont i­
nental outcrops, do not play an important role in trace 
element distribution. The mOSI imJX)rtant part of 
chc mical diagenesis transformation takes place during 
ca rly and mesodiagencsis under platform conditions. 

A previous paper on sedime nts from a si milar facies 
and age (Jaffrezo, Renard , 1979) has shown that the 
gcochemist ry of platform sedimen ts may be a usc ful 
paleogeograph ie tool. Fo r the CY AMAZ sed iments, 
the compa rison of gcoc hemica l results with micro ra­
cies analysis (von Rad et al., this volume) shows that 

· ~, . 
"' • . " 

• yr< • 
• .. r' 

• • 
'" • ~f1 

100 • ... 
roba-

M~r.A1IESE 100 

100 

... 
50 

• 
IROII 100 

100 

Figure 5 
Corrt'lullol1 beMU" Mil -Ft' COI1lt'l1 f$ Ql1d m icrofacks;n the plal/orm 
sedrmt'Ills. 

Relation enu e les Il:neurs en Mn ct Fe ct les microfaeîès dans les 
sédiments de plaie-forme de la campagne CYAMAZ (1982). 
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the location of sam ples on various correlation graphs 
is Iinked tO the nature of the microfacies (Fig. 4). 
Statiscally, samples from facies MFl of von Rad 
(hemipelagic bioclastic pac kslone with Calpionellids) 
have lower Sr and Mg coments than sa mples from 
mierofacies 2 (fore-slope bioc1astic oolit ic grainstonc) 
or 3 (colum nar st romato lil ic pe loidal packstone). On 
the ot he r hand. mÎcrofacies 4 and 5 (neritic bioclastic 
pcloidal grainstone and ncritic oolitic grainstone) 
present the highest Mg and Sr conte nts. Thus, there is 
a posit ive gradient of Mg a nd Sr contents from 
microfacies 1 to mÎcrofacies 5-6 (but there are only a 
few samples of microfacÎes 6). If, on the basis of the 
occurrence of Calpione llids, wc take microfacies 1 as 
the rcferc nce for "normal " marine scdimems, we 
may conc1ude that microfac ies 5-6 corrcspo nds to 
hypersaline environmems. 

pa radoxieally, the gradient of Fe and Mn contents is 
inve rse, microfacies 1 samples prescm higher Mn and 
Fc contents than microfacies 4-5 samples (Fig. 5). 

Figure 4 

Correl(lliol1 1H""N!11 Sr. Mx COl1le111!i and microfacks in 
the plQ/form ydimems. Mn w MI'6 '" microfacits 
types ducribed by ~on Rad (this vol«me). HG ,. hard­
growrd. 

RelatÎOn en!re les teneurs en Sr ct Mg cl les microfaciès 
dans le! sédiments de plate-forme de la campagne 
CYAMAZ (1982). Les si~Jcs MF! à Mf'6 oorrcspon· 
den! aUI[ mierofaci~s décrus par von Rad (1985). HG 
= hard-grourrd. 

Two cxplanations arc IX>ssible : 

a) the hypcrs.1line environment of mierofacies 4-5 is 
not e nough oxidizing to allow the precipitation of Mn 
and Fe oxidcs ; 

b) the main origin of Fe and Mn is not continental 
and the more marine mÎCrofacies arc the more iron­
manga nesc rich. 

The occurre nce of ooli tes in microfllCÎcs 5 makes the 
second hypothcsis more realistîc. 

AN ATTEMPT AT GEOCIIEMICAL DATING 
(CHEMOSTRATI GRAPHY) OF POST-PLAT­
FORM SEDIM ENTS 

General evo lution curves of pe lagie carbonate Sr and 
Mg conten ts have been rccenlly eSlabl ished (Renard , 
1984) for the las! 140 Ma. Thcse curvcs arc relative to 
Ihe analysis o f 1 520 pelagie carbonate samples obtai­
ned from various DSDP sites (116, 305-306, 390A, 
391C, 392A. 398D. 4OOA , 401, 402. 516-516F, 549, 
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Afltlllpi 10 d~w posf.plmform stdimems by Il,eir Mg COIIWnf. Gt1Wr~f cun·t of Mg COnft/l1S lrom Rtna,d (1984). 

Essai de datation des !iédiments post-plate· forme de la camp<lsne CYAMAZ (1982) par Icul'li tencul'li en Mg_ La courbe d'é\'olution générale 
des teneufS en Mg des carbonates ptlagiquc~ provicm de Renard (l9l:!4). 

550} and from inshore outcrops (Gubbio: Italy; 
Sierra Fontealent : Spain ; El Kef : Tunisia ; Bidart : 
France). 

Thesc curves make it is feasib le to attempl 10 date 
post-platform sedi me nts of the CV AMAZ ca mpaign. 
The age o f a sa mplc is given by the intersection of 
ho rizo ntal linc corresponding to Sr and Mg content of 
the sample and lhe ge neral evolut io n curve of thesc 
c le ments (Fig. 6 and 7). For o ne cle me nt , many age 
assignat ions arc possible. Figure 8 gives age cst imales 
obtained from Sr eurve , from Mg curve and from 
biostratigraphic data (this volume). It may bc seen 
that when wc use the double ca lib ration of Sr plus Mg 
(sa mplcs 96-4, lOO- l , 100-4, 100·11), geochemistry 
leads not o nly tO age estimates in correlation wilh 
biostratigraphic date but also to mo re rcst rictcd age 
ranges than those found Ihrough biostratigraphic 
melhods (i n thesc more or less rccryslallized limeslo­
nes. only a very poorly preserved. sparsc nannoplanc­
ton flora was dctermined , see Ccpc k et al., this 
volume). 
On the other hand, whe n occurre nce of dolomite 
makes the" Mg age zonatio n " invalid (samplc 88-8. 
92-4, 92-5). geochcmical dating (based only on Sr 
va lues) is too imprecise. Howevcr, il is now possible 
using several .. che mica l marke rs" (add ing carbon 
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isotopie ratio; Renard , 1984) tO attcmpt a cohe rent 
ehe mostraligraphy of pelagie ca rbonates from Laie 
Jurassic 10 Oualernary. 

For the CY AMAZ sedi me nts. this chemost ratigraphie 
melhods leads, by dat ing the first non-platform sedi­
ments, to a mo re precise age cSlimate of the platform 
subsidence. This ranges from L:lle Kimmeridgian­
Erly Portlandian on Central Mazaga n Escarpment 
(sa mplc 96-11) to Barremian in E l Jadida Canyon 
area (samples lOO-l , 100-4. 100- 11). According to von 
Rad et al. (sy nthesis chapter. this volume) , the 
subsidence o f the Ce ntral Mazagan Escarpme nt and 
El Jadida ca nyon area below .. shallow-water depth" 
was Late Bc rriasian to Valangi nian and ccrtai nly 
before Barre mian (bascd o n diffc rent evide nccs). 
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