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Adsorption of trace elements on iron (oxyhydr)oxides is 
related to their concentrations and isotopic compositions in 
natural waters.  Among various elements, adsorption of 
oxyanions of chromium (Cr), molybdenum (Mo), and tungsten 
(W) which are congeners have been studied here with an 
emphasis on chromate, because the adsorption mechanism on 
ferrihydrite is different between molybdate and tungstate 
which form outer– and inner- sphere complexes, respectively, 
but not evident for chromate. Therefore, fundamental 
understanding of the adsorption mechanisms of chromate is 
essential to discuss these issues.  We performed (i) extended 
X–ray absorption fine structure (EXAFS) analysis for 
chromate on the three Fe (oxyhydr) oxides (i.e. ferrihydrite, 
goethite, and hematite), (ii) adsorption experiments of 
chromate on Fe (oxyhydr) oxides with different conditions of 
pH and ionic strength, and (iii) quantum chemical (QC) 
calculations to reveal difference of attachment modes (inner– 
or outer–sphere complexes) and surface structures such as 
monodentate–mononuclear, bidentate–binuclear, or bidentate–
mononuclear complexes. 

EXAFS analysis and adsorption experiments revealed that 
chromate forms almost outer–sphere complexes with slight 
amount of inner–sphere complexes on ferrihydrite.  In 
contrast, most of chromate forms inner–sphere complexes on 
goethite and hematite. Moreover, the chromate forms mainly a 
bidentate–binuclear complex as inner–sphere complexes based 
on EXAFS analysis and QC calculations.   

In addition, the QC calculation results showed that the 
stabilities of the hydrated species in aqueous solution and 
outer–sphere complex on solid surface for oxyanions may 
govern the determination of attachment modes of oxyanions 
and the distribution at the solid-water interfaces. 

The experimental results of attachment mode for 
oxyanions will be interpreted by linear free energy 
relationship (LFER) using pKa-avg (= (pKa1 + pKa2)/2) to 
explain the adsorption behaviors of these divalent oxyanions.  
We found that the LFER using the pKa-avg value is essential to 
explain the adsorption behavior, in particular the preference of 
outer– and inner–sphere complexes on ferrihydrite, compared 
with LFER based on either pKa1 or pKa2 value. 
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The Sariçayir Skarn Deposit is located around the 

Sarıçayır village and 70 km southwest of Çanakkale. Oligo-
Miocene magmatic, metamorphic and volcanic rocks crop out 
in the study area. The Karakaya complex is the basement of 
the study area. Structural basement of the Karakaya Complex 
is represented by the Nilüfer unit that mostly consists of 
metabasic rocks. Hodul unit which is dominated by arkosic 
sandstones was emplaces over the Nilufer unit. Both of the 
Nilufer and Hodul units are metamorphosed to green schist 
facies. The units of the Karakaya complex are cut by 
Oligocene Karadoru granitoid and Sarıçayır alkali granites and 
covered unconformably by the Oligocene Çan volcanics, 
consist of andesitic pyroclastics and lavas. 

Nilüfer and Hodul units were affected by the intrusion of 
Karadoru granotoid and Sarıçayır alkali granite. Contact 
metamorphism and skarn zones have been developed between 
the Karadoru granitoide and the Nilüfer and Hodul units. 
Contact metamorphism appears to have extended from albit-
epidot hornfels to hornblend hornfels facies. Skarn zone, on 
the other hand, appears to have developed in the type of 
garnet-epidot skarn. 

Skarn type mineralization was developed adjacent to 
Sarıçayır alkali granite contacts with the limestones belonging 
to Nilüfer units which are located northwest of Sarıçayır 
village. Also, epidote and quartz fillings are observed within 
fractures and faults of the Sarıçayır alkali granite [1].  

Garnet, tremolite and epidote were determined in the skarn 
zone. Also, pyrite, chalcopyrite, sphalerite, galena, digenite 
and cinnabar were observed as ore minerals. Chemical data 
obtained from samples indicated that enrichment of the 
copper, lead, zinc, arsenic and iron-oxide contents. Thus Fe2O3 
contents reach up to 57.54 % together with 60.6 ppb Au.  In 
addition Cu, Pb, Zn , As and Ag 4656 ppm, 8101 ppm,  
3700 ppm, 2500 ppm,  and 8.3 ppm respectively. 
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