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concentrations of sulfate and the predominance of 
sulfate-reducing TEAPs, suggest that sulfides 
generally react rapidly enough with iron to form iron-
sulfide minerals. 

The high percentage of iron-sulfide cement 
(about 50 percent) in the sample from site MA (fig. 
12) suggests that the initial porosity of the sediment 
(immediately after deposition) was high relative to the 
current average porosity of Magothy aquifer sediments 
(25 to 30 percent; McClymonds and Franke, 1972). 
Therefore, this pyrite may have formed during early 
diagenesis, before compaction by overlying sediments.

Local variations in the concentrations of Fe(III) 
oxyhydroxides at site MA suggest that localized 
abundance of microbially available Fe(III) promote 
the activity of iron-reducing bacteria (IRB). 
Leucoxene also may provide a local source of Fe(III) 
for IRB. Fe(III) in core sediments from MA4 was 
reduced in the laboratory after the sediments were 
inoculated with an iron-reducing organism (strain 
MD-612) and amended with acetate; this indicates that 
Fe(III) coatings in these Magothy sediments are 
available to the indigenous microbial population, and 
that the activity of the IRB is limited by the amount of 
electron donor (organic carbon) available, and not by 
the availability of Fe(III) (Brown and others, 1999a).

 

SUMMARY AND CONCLUSIONS

 

The types of iron-bearing minerals and their 
distribution within an aquifer system are important 
factors to consider for the study of iron geochemistry 
and the causes of biofouling and encrustation of wells. 

 

Figure 10. 

 

Scanning-electron microscope 
image showing poorly crystalline marcasite 
cement with stalactite-shaped crystals from 
site MO, Suffolk County, N.Y. (Location is 
shown in fig. 1.)

 

Figure 11. 

 

Cubic pyrite from site SC, 
Suffolk County, N.Y.: A. “Ball,” about 1 
centimeter in diameter.  B. Interlocking 
cubic {100} crystals in surface of “ball.” 
C. Section of “ball” showing wedge-
shaped crystal radiating from the center. 
Arrows near center indicate lenticular 
lignite pieces.  D. Magnified image 
showing the internal radial texture of thin 
section depicted in fig. C. (Borehole-site 
location is shown in fig. 1.)

 

Stalactitic marcasite

12 microns

 

A. Pyrite ball

B. Magnified image of cubic crystals

C. Section of pyrite ball

D. Magnified image of pyrite

1 centimeter

Lignite
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Figure 12. 

 

Wavelength-dispersive spectrometry maps showing the distribution of selected elements associated with iron-
bearing minerals and rutile among quartz grains surrounded by pyrite cement from site MA site near southern shore of Suffolk 
County, N.Y. (Location is shown in fig. 1).

 

Pyrite and Marcasite in the Magothy Aquifer
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The lateral distribution of iron-bearing and other 
heavy minerals within lithologic units is not uniform 
throughout Long Island, or even along the study 
section on the Nassau-Suffolk County border. 
Mineralogy and mineral abundance in Pleistocene 
units differs from those in Cretaceous units, and some 
of the trends vary with depth as well as from north to 
south. Upper Pleistocene sediments along the section 
contain more unstable rock fragments and minerals, 
such as garnet and iron oxides, than the Cretaceous 
deposits, which contain abundant muscovite, 
staurolite, pyrite or marcasite, and chloritoid. Borehole 
samples from oxic zones (near the ground-water 
divide) contain less pyrite or marcasite than those from 
boreholes in anoxic zones (near the southern shore, 
farther along the ground-water flow path) because 
iron-sulfide minerals are less likely to be preserved or 
formed under oxic conditions. Glauconite is abundant 
in the Monmouth greensand, the Gardiners Clay, and 
in parts of the Magothy aquifer that are marine or 
transitional-to-marine deposits beneath the southern 
shore but is absent in the northern part of the study 
section. Heavy minerals are typically concentrated in 
the very-fine sand and fine-sand fractions of 
Pleistocene and Cretaceous sediments.

Leucoxene, iron oxyhydroxides, glauconite, 
chlorite, pyrite, and marcasite were the most abundant 
and potentially reactive of the iron-bearing minerals 
detected, with the exception of Fe(III) oxyhydroxide 
grain coatings. Ferric oxyhydroxide coatings on 
sediment grains are an important sink as well, but 
other more highly crystalline Fe(III)-bearing minerals 
may also be biomineralized in anoxic environments by 
Fe(III)-reducing organisms. Leucoxene was observed 
in relatively large abundance throughout Long Island 
sediments and may represent an important iron source. 
Iron sulfides are a major iron sink for dissolved iron in 
the Magothy aquifer and can be a source of dissolved 
iron through oxidative dissolution. 

Some microbial and geochemical environments 
can be inferred from the presence and morphology of 
pyrite or marcasite. Pyrite was generally found in 
association with lignite or as interstitial cement. 
Marcasite was found as interstitial cement and 
presumably is associated with oxidation of upgradient 
iron-sulfide minerals. Pyrite crystals were octahedral, 
cubic, cubo-octahedral, and framboidal, and some 
specimens showed more than one generation of crystal 
growth. Marcasite cement, which in most samples 
consisted of platey crystals, probably forms only at the 

low pH range of nonmarine conditions. Iron-bearing 
minerals in the aquifer system, therefore, can be both a 
source and a sink for dissolved iron in ground water 
and their distribution along the flow path can affect the 
extent of iron-related biofouling.
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