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FE-MN OXIDATE CRUSTS IN ONEIDA LAKE, NEW YORK
W alter E. Dean
D epartm en t o f Geology, S yra cu se U n iversity, S y ra cu se , Neiv York
A b s tr a c t. Saucer-shaped iron-m anganese cru sts occur adjacent to gravel shoal areas
in Oneida Lake in central New York. The cru sts u su ally have a crude concentric banding
owing to an alternation of orange, ir o n -r ic h la y ers and black, iron -p oor layers. M aterials
from both types of la y ers are x -r a y amorphous. The Oneida Lake c ru sts, lik e m ost other
freshw ater "manganese nodules," contain about the sam e Mn concentration as m arine manga
nese nodules, but are usually higher in Fe and low er in trace m etals than their m arine
equivalents.
Although Fe and Mn may be precipitating d irectly from the lake w ater, it is m ore
likely that the oxidate cru sts are the r esu lt of precipitation of Fe and Mn when reduced
sedim ent pore w ater com es in contact with w ell oxygenated bottom w aters. O rganism s,
particularly bacteria, may play a role in the form ation of the c r u sts, but to date no
evidence for this has been found. (Key w ords: Sedim entology; geoch em istry; sed im en tw ater interaction; New York State.)
INTRODUCTION

Oneida Lake is a large, shallow eutrophic lake approxim ately 10 m iles
(16 km) northeast of Syracuse in Oneida and Oswego Counties in central New
York state (Fig. 1). The biology, ch em istry, and hydrology of Oneida Lake are
w ell known as a resu lt of an intensive study of the lake by the U. S. G eological
Survey in cooperation with the New York State Conservation Department (G reeson and M eyers, 1969).
Shallow water and elongation of the Lake in the direction of prevailing
winds keep the lake water w ell m ixed m ost of the tim e and prevent therm al
stratification during the sum m er m onths. Although the Lake does not stratify
therm ally, G reeson and M eyers (1969) report that d issolved oxygen does str a t
ify at an average depth of about 9 m with maximum oxygen depletion of the
bottom w aters occurring during p eriods of peak phytoplankton activity. How
ever, where water depths are le s s than 9 m (approxim ately 60% of the Lake
area), bottom w aters are usually w ell oxygenated.
The intense b lue-green algal bloom s during the sum m er months are a
graphic indication that Oneida is a eutrophic lake. Contributions of nutrients
from industrial, municipal, and agricultural so u rces have served only to a c c lerate the Lake's natural eutrophication. Oneida itse lf is but a sm all remnant
of a once much m ore extensive lake, Lake Iroquois, which was impounded b e 
tween retreating Lake W isconsin (Port Huron) ice sh eets and the Helderberg
Escarpm ant approxim ately 12,500 y ea rs ago (Karrow, Clark and T erasm ae,
1961). Lake Iroquois was subsequently drained into the St. Lawrence V alley
before the end of the Two C reeks Interstadial (approxim ately 10,500 y ears ago)
leaving behind numerous undrained d ep ression s in Hie lake plain which co v e rs
much of central New York (M uller, 1965; Karrow et al. 1961). Oneida Lake
occupies one of these undrained d ep ression s.
IRON-MANGANESE NODULES

N odules, or concretions rich in iron and m anganese, w ere fir st collected
on the sea floor during the Challenger Expedition in the 1870's. Since then,
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they have been the subject of num erous investigations dealing m ainly with their
origin and geochem istry. With rapid advancement of marine technology, these
nodules are considered potential o r e s, not only of iron and m anganese but also
of certain trace and minor elem en ts (esp ecia lly Co, Ni, and Cu) often concen
trated in the nodules (Mero, 1962).
Iron-m anganese concentrations from freshw ater environm ents, referred to
as nodules, concretions, or oxidate cru sts by different authors, have been known
to ex ist for many years, but rep orts of them are few. They have been rep o rt
ed from se v e r a l Canadian lakes (Kindle, 1932, 1935, and 1936; H arriss and
Troup, 1969), from several E nglish lakes (Gorham and Swaine, 1965), from
Fennoscandian lakes and strea m s ‘{Ljunggren, 1953), from Lake Michigan (R ossman and Callender, 1968), and from Lake Champlain (Hunt and Henson, 1969).
The occurrence of iron-m anganese concretions in Oneida Lake has been known
for a number of years and have been term ed "Oneida Lake pancakes" by local
resid en ts. However, they w ere not described in the literature until 1961 (G il
lette, 1961). In the spring of 1969, I began a study of the Oneida Lake pan
cakes using scuba divers in an attempt to determ ine their distribution on the
bottom of the Lake.
D escrip tio n
Figure 1 shows sev era l shoal areas in Oneida Lake where water depths
are le s s than 14 ft (4.3 m). The shoal areas in the center of the Lake are the
r e su lt of gravel mounds which r ise as much as 40 ft (13 m) above the surround
ing lake floor. Adjacent to th ese shoal areas, the hard sandy lake bottom is
strew n with pebbles, cobbles, and boulders of varying lithology from the shoals.
Many of these rocks are surrounded at the sedim ent-w ater interface by a rim like crust rich in iron and m anganese (Fig. 2). In som e areas, alm ost ev ery
rock exposed at the sedim ent-w ater interface shows som e degree of cru st d edevelopm ent. Although m ost of the cru sts have rock c o r e s, som e do not (Fig.
3). The average diam eter of the uncored c ru sts is about 15 cm with a m ax
imum of at le a st 60 cm. R egard less of the siz e or shape of the rock core,
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FIG. 2.

Photo pgr alia and draw ings of rock -co red iron-m anganese cru sts from

Oneida Lake.

FIG. 3.
Lake.

Photographs .of typical iron-m anganese cru sts without rock co r es from Oneida
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the c r u sts tend to develop a saucer shape with the convex side upward. M ost
of the c r u sts show a co a r se concentric banding in both horizontal and vertical
sectio n s (F igures 2 and 3). Where w ell developed, the banding can be seen to
be the r e su lt of alternations of orange iro n -rich la y e rs and black iron-poor
la y e r s. T hese two m ateria ls together give an overall brown to black color to
the c r u sts.
The c r u sts are apparently m ost abundant adjacent to the shoal areas. In
the past when the cru sts have been accidently caught in dredges and nets or
actually hooked by fish erm en, they have been co llected in the shoal areas. In
fact, one shoal area is appropriately called Pancake Shoal by local resid en ts.
For th is reason , the prelim inary d iv es w ere made adjacent to the shoal areas
(Fig. 1). C rusts w ere found on all five dives but they w ere b est developed and
m ost abundant adjacent to Dakin and Shackelton Shoals (Fig. 1). Concentration ranges for 27 elem en ts from four typical Oneida Lake
cr u sts are given in Table 1. Concentrations of th ese elem en ts in iron-m angan ese nodules from other freshw ater lo c a litie s and in m arine m anganese nodules
are provide# for com parison. The Oneida c ru sts r e s e m tie other freshw ater
nodules in that they contain m ore Fe than Mn, w hereas m ost m arine nodules
contain m ore Mn than Fe. In addition, the freshw ater nodules do not contain
the r e la tiv e ly high concentrations of certain trace m eta ls usually ch aracteristic
of m arine nodules. This is p articu larly evident for Co, Cu, and N i, and to a
le s s e r extent for B, Mo, and V. On the other hand, the concentrations of Ag
and Cr are g en era lly higher in the Oneida Lake cru sts than in m arine nodules.
The m ineralogy of the iron and m anganese phases in the Oneida cru sts
is not known. X -ra y diffraction patterns of sev e ra l sa m p les using N i-filter ed
Cu Ka radiation and V -filtered Cr Ka radiation failed to reveal peaks due to
Fe-M n cry sta llin e compounds such a s todorokite, b irn essite, or <5Mn02 rep ort
ed from som e m arine nodules (Cronan and T oom s, 1969).
Freshw ater nodules have been referred to as con cretion s, nodules, or
oxidate c r u sts by different authors reflectin g, in part, variab ility in their
shapes. The Oneida Lake pancakes resem b le v ery closely, the oxidate cru sts
described by Gorham and Swaine (1965) from the English L akes, (E. Gorham,
personal communication) and the concretions from Canadian lakes illustrated
and d escribed by Kindle (1932) and described by H arriss and Troup (1969). I
p refer the term inology of Gorham and Swaine because it g iv es a better verbal
picture of their mode of occurren ce and physical properties and em phasizes
the fact that they only occur under oxidizing conditions. Some of the nodules
from Lake Champlain (Hunt and Henson, 1969) resem b le the Oneida Lake cru sts
but m ost are nodular or subspherical in form (Hunt, personal com m unication).
The nodules in Lake Michigan (Rossm ann and C allender, 1968) are also m ostly
sp h erical. N odules from Lake Ontario resem b lin g those from Lake Michigan
have recen tly been found (D. S. Cronan, personal com m unication).
R eports of the discovery of m anganese nodules in the freshw ater environ
ment are becom ing m ore and m ore com mon. Of the few rep orts in the lit e r 
ature, m ost have appeared in the la st decade. This recent surge undoubtedly
r e fle c ts the long overdue in terest in the freshw ater environm ent. As m ost
rep o rts com e to light, I am certain that freshw ater iron-m anganese nodules
w ill prove to be much m ore com m on than p resen tly suspected and may, in
som e lo c a litie s, be econom ically important. Freshw ater nodules have much in
common with m arine nodules but are much m ore a c c e ssib le so that lak es,
such a s Oneida, provide ideal lab oratories for the study of m anganese nodule
form ation.

E lem ental com position of freshw ater and m arine iron-m anganese nodules.
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Sources of data
*■
G a n g e s of four an alyses supplies by Kennecott Copper Corp. R esearch Center; Ag, A l, B , B a, B e, Ca, Cr, Ga, K, La, Mg, Mo, Na,
Si, Sn, T i, V, Y, Zn, and Zr w ere determ ined by sem i-q u an titative spectrographic an alysis; Co, Cu, F e, Mn, and Ni w ere d eterm in
ed by atom ic absorption.
2 Gorham and Swaine, 1965.
3 R ossm ann and C allender, 1968.
4 H a rriss and Troup, 1969.
I
5 M ero, 1962.
6 Goldberg and A rrhenius, 1968.
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Ag (ppm) ^
Al (%> c-'
B (p p m )^ .
B a (%) B e (ppm)ck
Ca (%) cs
Co (ppm)o,
Cr (ppm)e<
Cu (ppm) e\
F e (%) c<
Ga (ppm) ^
K (%)
La (ppm)(7
Mg (%>«<'
Mn (%) 3
Mo (ppmW
Na (%) c;
Ni (ppm)r
P (%)3
Pb (ppm)d
Si (%)<>
Sn (ppm)
T i (%)c\
V (ppm)A
Y (ppm)
Zn (ppm)
Zr (ppm)
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O rigin
The origin of the Oneida Lake c r u sts is not known. Any theory regard 
ing their origin m ust explain the follow ing observations: 1) they apparently
form only at the sedim ent-w ater interface, 2) m ost develop around a rock core
or nucleus, 3) they form under oxidizing conditions, and 4) they are com posed
of interlam inations of different m a terials. A com parison of the Oneida cru sts
with other freshw ater and m arine occu rren ces re v e a ls other factors which
must be considered in the origin of m anganese nodules in general; som e of
these factors w ill be d iscu ssed b riefly below:
R ole o f org a n ism s. Manganese nodules from both the m arine and fr e sh 
water environm ents usually do not contain appreciable amounts of organic m a
teria l. Gorham and Swaine (1965) found that oxidate cru sts from several
English lak es contained considerably le s s organic m aterial than the underlying
sedim ents. Kindle (1932) suggested that algae (esp ecially diatom s), by rem o v 
ing C 0 2 from the w ater, would favor the precipitation of carbonates of iron
and m anganese. P recipitation o f iron and m anganese oxides would then form
rapidly on the initial carbonate surface. G illette (1961) noted that the Oneida
cr u sts g r o ssly resem b led b lu e-green algal stru ctu res from the Baham as. He
found no rem ains of algal filam ents in the c ru sts but did find what he thought
to be bacterial c e lls . Zapffe (1931) and Krauskopf (1957) have suggested that
bacteria may act as catalysts in initiating the precipitation of iron and manga
n ese. T hese observations suggest that although the c ru sts th em selves are not
organic, organism s, p articularly b acteria, may play a role in their form ation.
R ate o f fo rm a tio n . Both m arine and freshw ater m anganese nodules are
ch a ra cteristica lly lam inated. H arriss and Troup (1969) suggested that lam inae
in iron-m anganese concretions from som e Canadian lakes m ay rep resen t annual
growth increm ents. Based on this assum ption, they calculated growth rates ■
ranging from 0.1 m m /year to 1.5 m m /year. The average Oneida Lake cru st is
approxim ately 15 cm in diam eter. Assum ing that a cru st of this siz e began to
form at the end of the W isconsin (approxim ately 10,000 years ago), then the
crust would have grown at a minimum average rate of 0.015 m m /yr. In any
c a s e , the rate of accretion of freshw ater nodules is considerably greater than
the average rate of 1.0 m m /1000 y rs postulated by Goldberg and Arrhenius
(1958) for the form ation of marine manganese nodules. Gorham and Swaine
(1965) and Rossm ann and Callender (1968) found iron-m anganese cr u sts growing
on buoys, further evidence for the rapid rate of form ation of freshw ater cru sts.
R egard less of the rate of form ation, it is obvious that m anganese nodules
can only form where sedim entation is very slow or absent. For exam ple, Gor
ham and Swaine (1965) found that cru sts in English lakes form ed only where
the normal organ ic-rich lake muds w ere thin or absent. The Oneida cru sts,
as w ell as concretions from Canadian lak es (Kindle, 1936; H arriss and Troup,
1969), are found on hard sand or gravel bottom s where wave action is fairly
strong and norm al fine-grained lake sedim ents are absent. In the m arine en 
vironm ent, manganese nodules are m ost abundant in areas of slow pelagic se d 
imentation (Mero, 1962),
Chem ical com position. The faster rate of form ation of freshw ater nodules
may also explain why they usually contain low er concentrations of trace m etals
than marine nodules (Table 1). Goldberg (1954) indicated that high concentra
tions of trace m etals in m arine nodules are m ost lik ely due to the ability of
hydrated oxides and hydroxides of iron and manganese to absorb ions from
solution (a p ro cess he term ed "scavenging"). Krauskopf (1956) also pointed
out the importance of adsorption in the rem oval of m etals from sea water and
stated that hydrated m anganese dioxide and hydrated ferric oxide w ere the
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m ost efficient adsorbers in sea w ater. According to Goldberg (1954), the e ffi
ciency of the scavenging p r o c e ss is a function of the length of time the solid
phase is in contact with the solution containing the ions to be adsorbed. As
an exam ple of the control of tim e on adsorption efficiency, Goldberg and A r
rhenius (1958) report finding a 5 cm thick iron-m anganese cru st in the San
Clem ente Basin around a fragm ent of a naval gun sh ell approxim ately 50 years
old; this su ggests a rate of form ation on the order of 1 m m /yr. This crust
contained considerably lower concentrations of trace m etals than m ost m arine
nodules (Table 1), and a lso contained a much higher content of iron than m an
ganese.
Several in vestigators (e.g ., Gorham and Swaine, 1965; Goldberg and A r 
rhenius, 1958) have suggested that fer ric oxides catalyze the form ation of m an
ganese oxides and hydroxides and that the amount of m anganese precipitated
therefore is a function of the length of tim e of exposure. This would explain
the high Fe;Mn ratio for rapidly form ed c ru sts (e.g ., freshw ater nodules and
the San Clem ente nodule) and the low Fe:Mn ratio for slow er form ed cru sts
(e.g ., m ost marine nodules). Krauskopf (1957) points out that iron oxides and
hydroxides are le s s soluble than those of m anganese and therefore would p r e 
cipitate from solution before m anganese. E a rlier precipitates would thus tend
to be enriched in Fe; the actual oxidized product form ed would be la rg ely d e 
pendent on Eh and pH conditions.
Source o f iron ancl m an ganese. It is usually assum ed that the iron and
m anganese in both freshw ater and m arine m anganese nodules w ere precipitated
from the overlying w aters. H owever, sedim ent pore water is potentially a
m ore important source and therefore study of the exchange of ions a cro ss the
sedim ent-w ater interface is of great im portance in attem pting to determine, the
origin of iron and m anganese concentrations. In m ost lak es the zero redox
potential line fa lls at or above the sedim ent-w ater interface, i.e ., the sedim ents
are reducing. However, in som e la k es the upper few cen tim eters of sedim ent
are oxidized form ing an oxidized m icrozone (M ortim er, 1941-42; Gorham, 1958).
Sedim ents in the oxidized m icro zone ch a ra cteristica lly contain higher concen
trations of iron and m anganese (by as much as an order of magnitude) than
the reduced sedim ents, and are u sually orange in color due to the p resen ce of
fe r r ic hydroxide (M ortimer, 1941-42; Gorham, 1958; Gorham and Swaine, 1965).
M ortim er (1941-42) postulated that the oxidation of the sedim ent was the resu lt
of m olecular diffusion of oxygen into the sedim ent. However, Gorham (1958)
indicated that the depth of oxidation is controlled not by oxygen diffusion but
by turbulent displacem ent of the upper few cen tim eters of sedim ent up into
oxidized bottom w aters of the lake. Thus, sedim ent pore water containing fe r 
rous and m anganese ions is oxidized near the sedim ent-w ater interface p r e 
cipitating the l e s s soluble o xid es and hydroxides of iron and m anganese by the
m echanism suggested by Krauskopf (1957). Rossm ann and Callender (1968)
found that Mn in interstitial w ater in creased below the sedim ent-w ater in ter 
fa ce at m ost stations in Lake M ichigan where they found iron-m anganese nod
u le s. Upward m igration of m anganese through the sedim ent column has also
been suggested by D elfino and L ee (1968) in their m odel for the geoch em istry
of m anganese in Lake Mendota. The fact that the Oneida Lake oxidate c r u sts
occur right at the sedim ent-w ater interface su g g ests that oxidation of reduced
sedim ent pore water m ay be im portant in their form ation. However, additional
fa cto rs not operating in the form ation of the oxidized m icrozone might a lso be
needed to explain why the c r u sts tend to form about a nucleus and attain iron
and m anganese concentrations about an order of magnitude higher than norm al
ly found even in oxidized sedim ents (Gorham and Swaine, 1965).
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W ater c h e m istry and lake p ro d u c tiv ity . The ch em ical com position of lake
w ater and the productivity of the lake do not appear to be controlling factors
for the form ation of freshw ater iron-m anganese nodules. They have been found
in hardwater and softwater la k es, in oligotrophic and eutrophic lak es. How
e v er, w ater ch em istry may be a factor in controlling variations in trace e l e 
m ent concentrations in iron-m anganese p recip itates from different la k es (as
su ggested by H a rriss and Troup, 1969), and perhaps even the amount of iron
and m anganese precipitated.
G eographic d istrib u tio n . Harr is s and Troup (1969) suggested that any
theory regarding the origin of freshw ater iron-m anganese concretions should
take into account the fact that they only occur in tem perature and subarctic
latitu d es. Krauskopf (1957, p. 76) sta tes "It is perhaps not by accident (D. F.
Hewett, personal com m unication) that b o g -o r e s of m anganese, both in North
A m erica and in Scandinavia, are concentrated in a reas underlain by the la te st
P leisto cen e till." He was suggesting that g la cia l till would be m ore perm eable
and therefore solution of iron and m anganese would proceed m ore rapidly.
The r e str ic tio n of freshw ater iron-m anganese d ep osits to north tem perature
latitu d es m ay be fortuitous or it m ay indeed be a n e c e ssa r y condition for th eir
form ation.
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