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ABSTRACT  
 
 The depositional environments which have been derived from fossil content and microfacies analysis of 
Shagamu, Mfamosing and Gboko limestones,Nigeria, were studied by trace elements geochemistry. Trace  
elements data have been useful in the differentiation of shallow water from deep water limestones. Sr  and Mn 
are linked in specific ways with the  carbonate phase. Shallow marine limestones are characterised by low Mn 
content while those of deeper marine are associated with high Mn content. Shallow water and deep water 
carbonates also have relatively low Sr (100-400ppm) and high Sr values respectively.The limestone of Ewekoro 
Formation at Shagamu has petrograghy and fossils indicating a shallow marine environment. It has mean Sr 
content of 262ppm while Mn averages 545 ppm. The quiet, shallow water, peritidal, lagoonal depositional 
environment of Gboko limestone is characterised by 408ppm and 785ppm mean Sr and Mn values respectively. 
The facies present at Mfamosing limestone suggest that they formed in a protected, occasionally open shallow 
marine environment as found in lagoons separated from the open sea by  a barrier bar. Sr averages 310ppm 
while Mn has 719 ppm mean value in the limestone. The Mn value may have been enhanced by intensive 
weathering on the continental areas bordering the Oban massif. These data confirm the shallow marine origin of 
these carbonates. 
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Introduction  
 
 The limestone at Shagamu, Southwestern Nigeria (fig 1) is part of the Ewekoro Formation. In the Shagamu 
quarry Adegoke et al. (1980) recognised five microfacies in the limestone sequence. They are sandy algal 
biosparite, algal biomicrite, pelecypod biomicrite, sandy algal biomicrite and intrasparite. The petrography and 
microfaunal data indicate that the limestone constituting the Ewekoro Formation was deposited in  a shallow 
marine environment specifically SMF (standard microfacies types 9 and 20). Type 9 is common in shallow 
neritic waters while type 20 is characteristic of intertidal/subtidal zones (Flugel, 1972; Enu and Adegoke, 1988).  
The shallow depth of deposition is also confirmed by preponderance of benthonic  foraminifera and occurrence 
of Numulites (Sachs and Adegoke, 1975). 
 The Mfamosing limestone, Southeastern Nigeria (fig. 1) exhibits facies which are suggestive of gradual 
change of depositional environment from supratidall to lagoonal and ooid bar shallow marine facies (Petters and 
Reijers, 1987) . The existence of tidal flats and algal mats is sugggested by the stromatolites in the lower part of 
the limestone. The outcropping part of the limestone suggests that it was deposited in a lagoonal setting on the 
landward side where it merged with siliciclastic hinterland. 
 There is a paucity of foraminitera and ostracods (Fayose,1978) but the calcareous algae and the boring 
lithophega in the limestone indicate deposition under a shallow, warm, marine environment typical of the 
present tropical or subtropical latitude (Akpan,1990).  Petters and Reijers,(1987) reiterate that the abundance of 
lime mud in the groundmass (packstone),the presence of a shallow marine fauna,the indications of mild 
protection(high spired gastropods) and also the occasional presence of tidal energy (coated grains) in 
combination suggest that the facies formed in a protected, occasionally open shallow marine environment such 
as one finds in lagoons separated by barrier of algal build ups from the open sea. 
 In the Albian Gboko limestone, North – Central Nigeria (fig. 1) the presence of foraminifera,abundance of 
lime mud, oncolite pellets and carbonaceous organic matter as well as glauconite coupled with limited benthic 
faunal diversity and virtual absence of planktonic micro-organisms all suggest quiet,shallow water peritidal, 
lagoonal depositional environment (Bathurst, 1976; Selley, 1980; Gabelein, 1976; Monty, 1976; Friedman and 
Sanders, 1978). The lagoon was hence formed from marine incursion into a localised lacustrine body during the 
first transgression into the Benue Trough. Possibly a pre-existing geomorphic structure (a barrier bar) might 
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Results and Discussion 
 
Shagamu Limestone: 
 
 Table 1 furnishes the concentratons of Mn,Sr,Zn,and Pb in ppm in the samples from Shagamu quarry.The 
mean concentration of Sr is 262ppm. This value is in  perfect agreement with Bausch,(1968) which found that 
reef complex limestones [i.e reef and associated backreef limestones) range between 100  and 400 ppm 
strontium whereas basinal(forereef)limestones range from 500 to 3000ppm. Many writers have demonstrated 
that the Mn content and the varying amount in them such as Co,Ni,Zn,Mo,Pb can be useful  in differentiating 
shallow water and deep water limestones (Flugel, 1984).  Mn content values in deep sea carbonate sediment 
[1200-700m in depth) range from 300 to 4400ppm (El Wakeel and Riley, 1961;Turekian and 
Wedepohl,1961;Chester and Messsiha-Hannah,1970;Honjo and Tabuchi 1970;Thompson,1972).The large range 
suggests that the Mn content in deep sea carbonate sediments is controlled by several factors in contrast with 
only one factor(the carbonate phase) which controls the Mn content in the shallow water sediments. 
 The results of Mn from Shagamu quarry has average Mn content of 545ppm(table 1). This value agrees 
with Lutke,(1976)low  Mn content in shallow water carbonate (mean 510 ppm). The mean values of Zn and Pb 
are low (85 and 75ppm respectively, table 1) as expected for shallow marine limestones .The Ewekoro 
limestone (Shagamu quarry) can therefore geochemically be confirmed a shallow marine deposit. 
 
Results of EDXRF Analysis: 
 
Table 1: Mn, Sr, Zn and Pb concentrations in ppm in Limestone from Shagamu quarry. 

Sample Mn (ppm) Sr (ppm) Zn (ppm) Pb (ppm) 
SH1 885 424 164 124 
SH2 930 443 127 117 
SH4 789 394 160 104 
SH8 417 218 55 59 
SH9 333 219 511 61 
SH10 462 221 60 89 
SH11 552 195 64 63 
SH12 493 229 108 62 
SH13 802 246 97 88 
SH14 400 195 69 57 
SH15 393 152 59 73 
SH16 559 268 64 82 
SH17 476 211 67 69 
SH18 450 241 65 94 
SH19 418 313 66 68 
SH20 376 238 86 59 
Mean 545 262 85 79 

 
Mfamosing limestone: 
 
 The trace element analysis has revealed that the mean value of Sr content in the limestone is 310ppm (table 
2).The low Sr content of ancient limestones  like Mfamosing limestone (late Aptian-middle Albian) cannot be 
due to variations in the m(Sr)/m(Ca)ratio of sea water from which the limestones were precipitated for the 
m(Sr)/m(Ca) ratio of sea water has remained remarkably constant throughout the Phanerozoic eon 
(Lowestan,1961;Murrow and Meyers,(1978). Although ancient limestones are considerably depleted in Sr,they 
exhibit a wide range from a low of 50ppm to a high of 1000ppm (Murrow and Meyers,1998). Sr range for the 
Mfamosing limestone is however 176 to 463ppm. This variation has been attributed to a number of factors 
namely: primarily mineralogical differences between facies (Viezer and Demovic, 1974), facies-controlled 
porosity variation (Cameron, 1968), and variation in the clay content (Bausch, 1968). The 310 ppm mean value 
of Sr in  the limestone is well within the 100-400ppm range of Flugel and Wedepohl,(1967):Bausch 1965,1968) 
for limestones of shallow marine origin. 
 On the other hand the Mn content has a range of 530 to 1050ppm with a mean of 719ppm. It is possible that 
the Mn value may have been enhanced by factors such as intensive  weathering on continental areas (Bencini 
and Turi, 1974) considering the fact that Mfamosing limestone is a rimming carbonate bordering the Oban 
massif (Akpan, 1990). The Mfamosing limestone is a shallow marine limestone based on the foregoing trace 
element geochemical evidence.  
 
The Gboko Limestone ,Yandev: 
  
 The geochemical analysis yielded 408ppm as the mean value of Sr content while the range was 213 to 694 
ppm (table 3). It thus falls into Veizer and Demovic ,(1973,1974) classification of low Sr group. The mean value 
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of Mn2+ is 785ppm. This relatively enhanced value of Mn may be attributed  to a larger availability of Mn2+ 
(substituting for Ca2+ in calcite) in more reducing  sea water condition (Bencini and Turi, 1974). 
 
Table 2: Mn, Sr, Zn and Pb concentrations in ppm of Mfamosing Limestone.  

Sample No Mn (ppm) Sr (ppm) Zn (ppm) Pb (ppm) 
MF1 1050 229 91 95 
MF2 850 326 104 136 
MF3 690 221 96 98 
MF4 860 286 96 97 
MF5 640 223 199 144 
MF6 630 318 112 119 
MF9 700 463 95 114 
MF10 550 267 126 170 
MF13 700 339 99 102 
MF14 710 176 117 111 
MF15 540 260 130 144 
MF16 830 229 115 139 
MF17 530 363 109 150 
MF18 810 377 112 122 
MF19 670 430 109 106 
MF20 750 457 171 118 
Mean 719 310 100 122 

 
 Low mean values for Zn and Pb (116 and 118ppm respectively, table 3) have been obtained. The Mn and 
Zn values exhibit positive relationship which is not unexpected for according to Pingitore, (1977) during 
aragonite/calcite transformation initial precipitates of calcite are enriched in Zn and Mn2+.  When compared with 
Lutke, (1976) which obtained  low Mn content in shallow water carbonate (mean 510ppm), in carbonates 
formed on submarine rises (cephalopod limestone 1200ppm) and high Mn content (mean 2100ppm) for deeper 
marine limestones, the Gboko limestone is of shallow marine environment. 
 
Table 3: Mn, Sr, Zn and Pb concentrations in ppm of Gboko Limestone, Yandev Quarry. 

Sample No Mn (ppm) Sr (ppm) Zn (ppm) Pb (ppm) 
GB2 851 256 102 113 
GB3 667 213 102 180 
GB4 740 369 107 270 
GB5 545 205 95 91 
GB6 733 389 132 96 
GB7 880 266 122 136 
GB9 743 499 95 122 
GB10 843 694 153 117 
GB11 953 692 157 115 
GB12 523 348 70 77 
GB13 933 450 103 92 
GB14 943 497 124 108 
GB15 638 689 94 107 
GB17 829 628 127 120 
GB19 823 346 143 114 
GB20 927 509 138 102 
Mean 785 408 116 118 

 
Table 4: Summary of the Geochemical Investigation 

Name of 
lst.Deposit 

Depositional 
Environment 

based on fossil 
content and 
microfacies 

Sr (ppm) 
content 

Flugel and 
Wedepohl (1967); 

Bausch  
(1965,1968) 

Mn (ppm) 
content 

Tucker (1973); 
Lutke (1976) 

Result of 
geochemical 

Criterion 

Shagamu 
(Paleocene) 

Shallow neritiic 
water 

262 100 – 400 ppm 
shallow marine; 
500 – 3000 ppm 

deep marine 

545 510 ppm mean 
shallow marine; 
2100 ppm mean 

deep marine 

Shallow marine 

Mfamosing 
(Late Aptian – 

M.Albian) 

Shallow marine  
310 
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Conclusion: 
 
 The investigation of the geochemical criterion for the depositional environment of the Mfamosing, 
Shagamu and Gboko limestones can be summarized thus in table 4. 
 The geochemical criterion using trace elements analysis has thus been able to butress the shallow marine 
depositional environment assigned the Shagamu, Mfamosing and Gboko limestones, Nigeria using fossil 
contents and microfacies analysis. 
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